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CONVENIENCE 
WHEN ns 

DOSAGE . 
IS INDICATED - 


e When appropriate. ALDOMET 500-mg tablets may drug, and if previous methyldopa therapy has beer 
be useful when higher dosage (1.0 gtoa maximum associated with liver disorders. 


of 3.0 g a day) is required to control the blood gs a 
pressure adequately. lt is important to recognize that a positive 


e Why convenient. A b.i.d. schedule with ALDOMET  COOmbS test, edis cleans diSQ 
500-mg tablets may mean fewer doses a day y ee ' PY. ' 
rare occurrences of hemolytic anemia or liver 
for the patient and fewer tablets per dose. This disorders Gould lead ic detentiall 
convenience helps encourage patient compliance p y 


Awith the regimen. (Please see Addendum on fatal complications unless 
.“ following page for more information on dosage.) properly recognized and managed: MSD 


* ALDOMET (Methyldopa, MSD) is contraindicated For more details see the brief sum- 3 MERCK 
in active hepatic disease, hypersensitivity to the mary of prescribing information. MÉ 











For a brief summary of prescribing information, please see following page. 


UUTRURNEN 


_ inhypertension — 


E TABLETS: 250 mg, 500 mg, and 125 mg 
; *  Contraindications: Active hepatic disease, such as 
. acute hepatitis and active cirrhosis; if previous 


-. methyldopa therapy has been assaeiated with liver 
_ disorders (see Warnings); hypersensitivity. 
= Warnings: It is important to recognize that a 
. positive Coombs test, hemolytic anemia, and 
Ey liver disorders may occur with methyldopa 
. therapy. The rare occurrences of hemolytic 
anemia or liver disorders could lead to poten- 
_ tially fatal complications unless properly recog- 
nized and managed. Read this section carefully 
_ to understand these reactions. 
__ With prolonged methyldopa therapy, 10% to 20% of 
. . patients develop a positive direct Coombs test, 
— usually between 6 and 12 months of therapy. Lowest 
"- incidence is at daily dosage of 1 g or less. This on 
. fare occasions may be associated with hemolytic 
= anemia, which could lead to potentially fatal com- 
_ plications. One cannot predict which patients with a 
_ positive direct Coombs test may develop hemolytic 
- anemia. Prior existence or development of a positive 
.. direct Coombs test is not in itself a contraindication 
_ to use of methyldopa. If a positive Coombs test 
_ develops during methyldopa therapy, determine 
__ whether hemolytic anemia exists and whether the 
.. positive Coombs test may be a problem. For exam- 


- ple, in addition to a positive direct Coombs test 
— there is less often a positive indirect Coombs test 
— which may interfere with cross matching of blood. 
- . At the start of methyldopa therapy, it is desirable to 
— doa blood count (hematocrit, hemoglobin, or red cell 
... count) for a baseline or to establish whether there is 
- anemia. Periodic blood counts should be done dur- 
. ing therapy to detect hemolytic anemia. It may be 
. — useful to do a direct Coombs test before therapy and 
. at 6 and 12 months after the start of therapy. If 
fa, Uoombs-positive hemolytic anemia occurs, the 
- cause may be methyldopa and the drug should be 
- discontinued. Usually the anemia remits promptly. 
_ Af not, corticosteroids may be given and other 
causes of anemia should be considered. If the 
__ hemolytic anemia is related to methyldopa, the drug 
- should not be reinstituted. When methyldopa 
... causes Coombs positivity alone or with hemolytic 
- anemia, the red cell is usually coated with gamma 
_ globulin of the IgG (gamma 6) class only. The posi- 
~ tive Coombs test may not revert to normal until 
— weeks to months after methyldopa is stopped. 
| nene need for transfusion arise in a patient 
.- receiving methyldopa, both a direct and an indirect 
-Coombs test should be performed on his blood. In 
. the absence of hemolytic anemia, usually only the 
xd direct Coombs test will be positive. A positive direct 
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. Coombs test alone will not interfere with typing or 
-Cross matching. If the indirect Coombs test is also 
~ positive, problems may arise in the major cross 
. match and the assistance of a hematologist or 
1 transfusion expert will be needed. 
T. Fever has occurred within first 3 weeks of therapy, 
sometimes with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline 
. phosphatase, serum transaminases (SGOT, SGPT), 
_ bilirubin, cephalin cholesterol flocculation, 
prothrombin time, and bromsulphalein retention. 
- Jaundice, with or without fever, may occur, with 
- onset usually in the first 2 to 3 months of therapy. In 
. Some patients the findings are consistent with 
.. those of cholestasis. Rarely fatal hepatic necrosis 
has been reported. These hepatic changes may 
~ represent hypersensitivity reactions; periodic de- 
_+ termination of hepatic function should be done par- 
a ticularly during the first 6 to 12 weeks of therapy or 
- whenever an unexplained fever occurs. If fever and 
abnormalities in liver function tests or jaundice ap- 
.. pear, stop therapy with methyldopa. If caused by 
,methyldopa, the temperature and abnormalities in 
Sliver function characteristically have reverted to 
normal when the drug was discontinued. 
‘~ Methyldopa should not be reinstituted in such 
patients. 
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- Rarely, a reversible reduction of the white blood cell 


count with primary effect on granulocytes has been 
seen. Reversible thrombocytopenia has occurred 
rarely. When used with other antihypertensive 
drugs, potentiation of antihypertensive effect may 
occur Patients should be followed carefully to 
detect side reactions or unusual manifestations of 
drug idiosyncrasy. 

Use in Pregnancy: Use of any drug in women who 
are or may become pregnant requires that antici- 
pated benefits be weighed against possible risks; 
possibility of fetal injury can not be excluded. 
Precautions: Should be used with caution in pa- 
tients with history of previous liver disease or dys- 
function (see Warnings). May interfere with 
measurement of: uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. Since methyl- 
dopa causes fluorescence in urine samples at the 
same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochro- 
mocytoma. It is important to recognize this 
phenomenon before a patient with a possible pheo- 
chromocytoma is subjected to surgery. Methyldopa 
is not recommended for patients with pheochromo- 
cytoma. Urine exposed to air after voiding may 
darken because of breakdown of methyldopa or its 
metabolites. 

Stop drug if involuntary choreoathetotic move- 
ments occur in patients with severe bilateral 
cerebrovascular disease. Patients may require 
reduced doses of anesthetics; hypotension occur- 
ring during anesthesia usually can be controlled 
with vasopressors. Hypertension has recurred after 
dialysis in patients on methyldopa because the 
drug is removed by this procedure. 

Adverse Reactions: Centra/ nervous system: 
Sedation, headache, asthenia or weakness, usually 
early and transient; dizziness, lightheadedness, 
symptoms of cerebrovascular insufficiency, 
paresthesias, parkinsonism, Bell's palsy, decreased 
mental acuity, involuntary choreoathetotic move- 
ments; psychic disturbances, including nightmares 
and reversible mild psychoses or depression. 


Cardiovascular: Bradycardia, aggravation of an- 
gina pectoris. Orthostatic hypotension (decrease 
daily dosage). Edema (and weight gain) usually 
relieved by use of a diuretic. (Discontinue 
methyldopa if edema progresses or signs of heart 
failure appear.) 

Gastrointestinal: Nausea, vomiting, distention, 
constipation, flatus, diarrhea, mild dryness of 
mouth, sore or "black" tongue, pancreatitis, 
sialadenitis. 

Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic 
anemia. Leukopenia, granulocytopenia, throm- 
bocytopenia. 

Allergic: Drug-related fever, myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast 
enlargement, gynecomastia, lactation, impotence, 
decreased libido, dermatologic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia. 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third month of therapy; in- 
Creased dosage or adding a thiazide frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. Syn- 
cope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease; this may be avoided by lower doses. 
How Supplied: Tablets, containing 125 mg 
methyldopa each, in bottles of 100; Tablets, con- 
taining 250 mg methyldopa each, in single-unit 
packages of 100 and bottles of 100 and 1000: 
Tablets, containing 500 mg methyldopa each, in 
single-unit packages of 100 and bottles of 100. 
For more detailed information, consult your MSD 
representative or see full prescribing infarma- 
tion. Merck Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 
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INFORMATION ON 
ALDOMET® 

(Methyldopa | MSD) 













Adults 

initiating therapy 

e 250 mg b.i.d. or t.i.d. the first 
48 hours 

* increase or decrease, preferably 
at intervals of not less than two 
days, until response is adequate 

* start dosage increases in the 
evening to minimize sedation 

* adjusting dosage may prevent 
morning hypotension without 
losing control of afternoon blood 
pressure 

» when ALDOMET is added, the 
dosage of thiazides need not 
be changed 

» when given with antihyperten- 
sives other than thiazides, the 
dose of these agents may have to 
be adjusted and the starting 
dosage of ALDOMET should be 
limited to 500 mg daily in 
divided doses 

























maintaining therapy 

» usually 500 mg to 2.0 g daily in 
two to four doses 

* maximum recommended daily 
dose is 3.0g 

* occasional tolerance may occur, 
usually between the second and 
third month of therapy; adding 
a diuretic or increasing the 
dosage of ALDOMET frequently 
restores effective control 

* patients with impaired renal 
function may respond to lower 
doses; syncope in older patients 
may be related to an increased 
sensitivity and advanced arterio- 
sclerotic vascular disease and 
may be avoided by lower doses 


Children 

+ initial dosage is based on 10 mg/kg 
of body weight daily in two 
to four doses 

* increase or decrease daily dosage 
until adequate response is 
achieved 

* maximum dosage is 65 mg/kg 

or 3.0 g daily, whichever is less 
































TEKTRONIX 
Portable Patient Monitors 
give you unmatched value 


Really compare: 

Performance capability—only Tektronix gives 
you a line of portable patient monitors that 
includes in a monolithic package: single or dual 
pressure ... analog display with or without 
digital readout... optional hard copy of analog 
and alphanumerics such as elapsed time, pa- 
tient temperature, heart rate, systolic/diastolic 
and mean pressure...and much more! 
Portability—all monitors are only 9x 1172 x 6 
inches and 12 pounds (with recorder 9 x 11Y2 x 
912 inches and 18 pounds). Easy operation— 
color-coded control panels, pushbutton func- 
tions and a clear, bright display make TEK- 
TRONIX Monitors simple to use. Reliability and 
back-up service—even though their accuracy 
and dependability are excellent, 35 Tektronix 
Service Centers nationwide provide 24-hour 
turn-around repair if needed. 


Really compare 
CALL TOLL FREE 
O 547-4804 





Portable Patient Monitors TEKTRONIX 


In a Class by Themselves ee 
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The ideal coffee for the hypertensive... 





is low in caffein, high in potassiuni and long on flavor. 


Many physicians feel that stimulants and hypertension don't mix. 
And, since thiazide and furosemide diuretics often used to treat 
hypertension tend to deplete serum potassium, a diet containing 


*Coffee is naturally low in sodium and high in potassium. There are 


potassium-rich foods is sometimes essential : 15 milligrams of sodium in each 100 grams of Freeze-Dried Instant SANKA 
ý R I brand decaffeinated coffee. Each 2 grams (the usual serving per 6 fl. oz, cuj 
A recommendation of SANKA brand decaffeinated coffee, contains 90 milligrams of potassium and only 0.3 milligrams of sodium 


( actual sodium content of prepared cup varies with water source) 
All milligram figures are researched approximates. 


as part of a prudent diet for hypertensive patients who drink cof- 
fee, reduces the stimulant effect (only 3-5 mg. of caffein per 6-oz. 
cup). Further, it allows your patient to continue enjoying rich, P 7I A. CAEN eee MU Im^ a^ ca I e REDI NE 
flavorful coffee that contains approximately 4 mEq. of potas- 
sium per 6-oz. cup in the ground-roast form. 

Not surprisingly, SANKA* 97% caffein-free coffee is recom- 
mended by more physicians than all other brands of coffee 
combined. It’s available in food stores everywhere...in instant, 
freeze-dried and ground-roast forms. And at restaurants in 
convenient, single-service packages. 

For a FREE Patient Sample Kit, please complete and return 


Maxwell House Division 
General Foods Corporation 
Box *3143 

Kankakee, Illinois 60901 





Gentlemen: Please send me a FREE kit containing patient samples, 
an informative booklet, “The No-Coffee Edict,’ and a special coupon 
entitling me to a FREE jar of Freeze-Dried Instant SANKA* brand 
Decaffeinated Coffee 
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_ Better 
~ patient compliance 


because there are 


fewer doses to tak 


Quinaglute maintains normal sinus rhythm 
with a convenient 8 or 12 hour dosage schedule. 


The convenient dosage schedule of 1 to 2 tablets every 8 or 12 
hours can mean improved compliance in patients who tend to 
forget or skip medication requiring more frequent administration. 
In addition, QUINAGLUTE® Dura-Tabs® provide the following 
advantages: 


e Special wax matrix permits gradual release of quinidine glu- 
conate to maintain quinidine plasma levels for 8 to 12 hours 


e Convenient 8 or 12 hour dosage schedule helps avoid middle- 
of-the-night dosage and early morning reversion 


e Prolonged control without peaks and valleys in plasma levels 


e Well-tolerated, with few gastrointestinal disturbances to inter- 
fere with patient cooperation and compliance 


ur CP Rl ! , 


When a medication is to be taken twice a day, an easy way for 
the patient to remember whether or not he took his dose is for 
him to turn the bottle upside down after the first dose and right 

B side up after the second dose. Please forward your compli- 
ance tip to Cooper Laboratories, 300 Fairfield Road, Wayne, 
NJ 07470, Att: Mr. W. F. Cronin 


Patients with cardiac arrhythmias remember 





Indications: 

Premature atrial and ventricular contractions. Paroxysmal 
atrial tachycardia. Paroxysmal A-V junctional rhythm. Atrial 
flutter. Paroxysmal atrial fibrillation. Established atrial 
fibrillation when therapy is appropriate. Paroxysmal ven- 
tricular tachycardia when not associated with complete 
heart block. Maintenance therapy after electrical conversion 
of atrial fibrillation and/or flutter. 

NOTE: Depending upon the response desired, the dosage 
may need to be varied and the blood level and/or electro- 
cardiographic response closely monitored during initial 
treatment. 


Contraindications: Aberrant impulses and abnormal 
rhythms due to escape mechanisms should not be treated 
with quinidine. 

Partial A-V or complete heart block, or hronna 
conduction defects, especially those exhibiting a marked 
grade of QRS widening. Renal disease resulting in signifi- 
cant azotemia, or those developing cardiotoxic effects 
such as conduction defects; ventricular premature beats, 
ventricular tachycardia or flutter while on the drug. Marked 
cardiac enlargement, particularly with congestive failure, 
poor renal function, and especially renal tubular acidosis. 
Idiosyncrasy or hypersensitivity to quinidine. 


Warnings: In the treatment of atrial flutter, reversion to 
sinus rhythm may be preceded by a progressive reduction 
in the degree of A-V block to a 1:1 ratio resulting in an 
extremely rapid ventricular rate. 


Precautions: The precautions to be observed include all 
those applicable to quinidine. A preliminary test dose of 
a single tablet of quinidine sulfate should be administered 
to determine if the patient has an idiosyncrasy to quinidine. 
Hypersensitivity to quinidine, although rare, should con- 
stantly be considered, especially during the first weeks of 
therapy. 

Quinidine in large doses may reduce the contractile 
force of the heart; therefore, extreme caution should be 
exercised in using the drug in patients with severe heart 
disease, hypotension or digitalis intoxication. 

It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, 
electrocardiographic monitoring, and possibly plasma 
quinidine levels, is indicated when large doses are used, 
or with patients who present an increased risk. 


Adverse Reactions: Cinchonism, tinnitus, decreased audi- 
tory acuity, vertigo, headache, blurred vision, color percep& 
tion disturbances, photophobia, diplopia, night blindness, 
scotomata, reduced visual fields, mydriasis, hypotension, 
respiratory distress, and gastrointestinal disturbances. 
Ue. 
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Pacemaker 


reliability. .. 


something you both get 
from CPI. — pii 3 


For the physician, this means less frequent 
replacement and fewer problems with the pace- 
maker once it is implanted. For the patient, 

it means a higher confidence level in his physician 
and greater optimism about his potential for a 
longer, more comfortable life after surgery. 


CPI established its position of leadership among 
pacemaker manufacturers when it pioneered 

the research and development of lithium-powered 
pulse generators. Now, CPI is setting industry 
standards in pacemaker reliability. For example, 
CPI's failure rate is approximately .04% per month at 
the 90% confidence level compared to the failure 
rate of 15% per month at the 90% confidence level 
set by the Nuclear Regulatory Commission for 
nuclear-powered pacemakers. This includes all 
reported implants since CPI's firstin 1972. Further, 
clinical data shows that CPI pulse generators 

have averaged more than 2 million pacing hours 
mean time between failures* CPI has pacemakers 
implanted up to 48 months and to date has not 
experienced premature battery failure. 


CPI is committed to maintaining the standards of 
excellence that made them the leader in lithium 
and reliability...standards that help CPI provide 
you with the highest quality pacemaker available. 
You can have every confidence in CP! pacemaking 
systems...and so 
can your patients. 


..of the 
three major 
pacemaker 
companies, CPI 
is the leader in lithium 
and reliability. 








CARDIAC PACEMAKERS, INC. 
4100 NORTH HAMLINE AVE 

ST. PAUL, MINNESOTA 55112 U.S A 

TELEPHONE: (612) 631-3000 

CABLE: CARDIAPACE. ST. PAUL/TELEX 29-7049 


*Clinical data available upon request. 


e e © 1976 Cardiac Pacemakers, Inc 
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. Extracorporeal 
— Berman Angiographic Catheter 


Extracorporeal 
Balloon Pacing Catheter 


Extracorporeal 
Arterial Embolectomy 


Catheter 


Extracorporeal 
Wedge Pressure Catheter 










A New Generation 


of Balloon Catheters - 
„from Extracorporeal. 


Designed specifically to meet your needs. 


Now you can have balloon catheters that were 
designed with you and your patient in mind. 
Patient safety, ease of insertion, proper 
manipulation and positioning, accurate 
pressure reportings, flexibility and quality 
construction—all were considered in 
designing our balloon catheters. The result: 

a new generation of catheters. So now, 
whatever your specialty, you can select an 
Extracorporeal Balloon Catheter to meet your 
particular requirements. 


Four new Extracorporeal catheters are 
available: Arterial Embolectomy Catheter, 
Wedge Pressure Catheter, Berman 
Angiographic Catheter, and Balloon Pacing 
Catheter. And these new generation catheters 
provide exclusive patient advantages over 
other currently available catheters: 


Tapered Tip— insures that the diameter of the 
deflated balloon cannot exceed the diameter 
of the catheter body. This allows the 
introducer to be properly matched to the 
catheter, and helps reduce blood loss to 

the patient. 


Special Tip Construction—provides the 
largest possible lumen along the entire 


catheter length, and allows a smaller French 
size to be used than is normally possible 
with other catheters. 


Wide Range of Sizes—Extracorporeal 
Balloon Catheters are offered in more sizes 
than have been previously available anywhere. 


Conveniently Packaged—each catheter is 
packaged individually in a sterile peel-pack 
with a sterile syringe of proper size. 


Also Available: The New Extracorporeal 
Stylet Pacing Catheter. Designed with a soft 
flexible catheter body and removable stylet to 
help minimize the chance of perforation and 
accidental repositioning after placement. 


For further information on Extracorporeal New 
Generation Balloon Catheters, complete and 


extracorporeal 


Extracorporeal Medical Specialties, Inc. 
Royal & Ross Rds - King of Prussia. Pa. 19406 USA- 215-337-2400 


In Europe Write: 


Extracorporeal S.A., 253 Avenue Winston Churchill, 
B-1180 Brussels, Belgium 





(Area Code) 


A Extracorporeal Medical Specialties, Inc. AJC 2/77 | 
I  Royaland Ross Roads 

' King of Prussia, Pa. 19406 

i Gentlemen: 

g | am interested in the new Extracorporeal Balloon Catheters. 

[] Please have your professional representative contact me. [ Please send me additional information. 
i Name 
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CLINICAL STUDIES 


137  Correlative Classification of Clinical and Hemodynamic Function After Acute Myocardial 
Infarction 


JAMES S. FORRESTER, GEORGE A. DIAMOND and H. J. C. SWAN 


In this study, 200 patients with acute infarction were classified into clinical and hemody- * 
namic subsets on the basis of peripheral hypoperfusion and pulmonary congestion. Clinical 

examination accurately predicted hemodynamic abnormalities in 83 percent, and mortality 

rates were similar in clinical and hemodynamic subsets. These findings suggest that clini- 

cal performance and both clinical and hemodynamic subsets have diagnostic, prognostic 

and therapeutic relevance for the management of such patients. 


146 Detection of Pulmonary Edema in Acute Myocardial Infarction 


RUSSELL V. LUEPKER, DENNIS G. CARALIS, GUSTAV C. VCIGT, ROBERTA F. BURNS, 
LINNELL W. MURPHY and J. RICHARD WARBASSE 


Increased pulmonary extravascular water volume in 18 of 25 patients with acute myocar- 
dial infarction was associated with an abnormal chest radiograph and increased pulmonary 
arterial wedge, pulmonary arterial diastolic and right atrial pressures. Pulmonary wedge 
pressure was a significant predictor of lung water 24 hours later and "'preclinical pulmo- 
nary edema” and the "therapeutic phase lag" could be predicted from the wedge pres- 
sure. 


153 Pathophysiologic Significance of S-T and T Wave Abnormalities in Patients With the 
Intermediate Coronary Syndrome 


MONTY M. BODENHEIMER, VIDYA S. BANKA, ROBERT G. TROUT, GEORGE A. HERMANN, 
HOMAYOON PASDAR and RICHARD H. HELFANT 


Patients with the intermediate coronary syndrome showing S-T or T wave abnormalities, 
or both, and no Q waves in the surface electrocardiogram usually have no Q waves in the 
intraoperative epicardial or postoperative surface tracings and no histopathologic abnor- 
malities in biopsy specimens obtained from the ischemic area. ES 


IN PREDICTABLE ANGINA 


...during periods of physical exertion 


SUMMARY OF PRESCRIBING INFORMATION (isosorbide dinitrate) may be taken for prompt relief of angina pain three or 


indications: Based on a review of this drug by The National Academy four times daily. Although the onset and duration of effect of coronary 
Of Sciences —National Hesearch Council and/or other information, nitrates may vary, following is the generally reported range of these values 
FDA has classified the indications as follows for CHEWABLE SORBITRATE 

Probably’ effective: The chewable dosage form of SORBITRATE Onset of Effect 'wo to five minutes 
is indicated for the treatment of acute anginal attacks and for prophy Duration of Eftect: One to two hours 
laxis in Situations likely to provoke such attacks 


Final classifications of the less-than-effective indications requires 
turther investigation 
Contraindications: A history of sensitivity to the drug 
Warnings: Data supporting the use of nitrates during the early days otf the 
acute phase of myocardial infarction are insufficient to establish safety 
Precautions: Tolerance and cross tolerance to other nitrates may occur C 5 mg. 


Adverse Reactions: Headache which may be severe and persistent. Low- 


ering the dose and using analgesics will help control the headaches which ( Ke x0] 2454] B) = DINITRATE ) 


usually diminish or disappear as therapy is continued 


Adversereactions seen occasionally: Cutaneous vasodilation with flush 
ing; transient dizziness and weakness as well as other signs of cerebral UP 1 O 2 HOURS ez 


ischemia associated with postural hypotension, individual marked sensi 


tivity to the hypotensive effects of nitrates wherein severe responses can ANGINA PROTECTION 
occu even with the usual therapeutic dose (alcohol may enhance this hd 
effećt); drug rash and/or exfoliative dermatitis 

Vhisdrugcanactasa physiological antagonist to norepinephrine, acetyl AT MEALTIME..AND ANY 


ch, Hine, histamine and other agents 
Dosage and Administration: Individual Dose: To minimize hypotensive re OTHER TIME ez STRESS 
sponses, which may occasionally be severe with chewable doses as low xi 
as 5mg., the smallest effective dose should be employed. Chewable tab 
lets are generally given in doses of 5 mg 

Dosage Schedule: Smallest effective dose necessary for the prevention STUART PHARMACEUTICALS | Wilmington, DE 19897 
and treatment of pain of an angina attack. CHEWABLE SORBITRATI Division of ICI United States Inc 
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Diuretics reduce blood pressure by blocking 


sodium retention to lower “effective” volume. But 
the body’s renal compensatory mechanisms are 


mobilized to promote a secondary sodium 
conservation, expand “effective” volume and 
perhaps reelevate blood pressure. Sustained 
control of “effective” volume is therefore 


essential to treatment. No other diuretic blocks 


sodium retention longer than Hygroton. 


Provides sustained control 


Since the effects of Hygroton are exerted over a 
24-hour period, sodium diuresis is gradual and 
prolonged. At the renal tubular level, Hygroton 
thwarts attempts of the renin/angiotensin/ 
aldosterone system to conserve sodium, thus 
keeping "effective" volume and blood pressure 
down. Inadequate doses of diuretics may permit 
the renin/angiotensin/aldosterone system to 
prevail, but Hygroton helps inhibit itthrough . . . 
a ‘24-hour sentry” effect 


Enhances patient compliance 


The “24-hour sentry” effect of Hygroton allows 
once-a-day administration. This uncomplicated 
regimen encourages patient compliance 
through simplicity and economy. Proven efficacy 
and compliance have made Hygroton one of the 
most widely prescribed diuretic/antihyperten- 
sives for mild to moderate hypertension today. 


Hygroton 


blocks sodium retention longer 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy inedema. 
Contraindications: Anuria, hypersensitivity to chlorthali- 
done; routine use of diuretics in an otherwise healthy preg- 
nant woman with or without mild edema is contraindicated 
and possibly hazardous. Warnings: Should be used with 
caution in severe renal disease, impaired hepatic function 
or progressive liver disease. May be additive or potentiative 
of the action of other antihypertensive drugs. Sensitivity 
reactions may occur in patients with a history of allergy or 
bronchial asthma. Usage in women of childbearing age 
requires that the potential benefits of the drug be weighed 
against its possible hazards to the fetus. These hazards 
include fetal or neonatal jaundice, thrombocytopenia, and 
possibly other adverse reactions which have occurred in the 
adult. In nursing mothers, thiazides cross the placental 
barrier and appear in cord blood and breast milk. Precau- 
tions: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed 
at appropriate intervals. All patients receiving chlorthalidone 
should be observed for clinical signs of fluid or electrolyte 
imbalance; namely, hyponatremia, hypochloremic alkalo- 
sis, and hypokalemia. Serum and urine electrolyte determi- 
nations are particularly important whenthe patientis 
vomiting excessively or receiving parenteral fluids. Medica- 
tion such as digitalis may also influence serum electrolytes. 
Hypokalemia may develop with chlorthalidone as with any 
other potent diuretic, especially with brisk diuresis, when 
severe cirrhosis is present, or during concomitant use of 
corticosteroids or ACTH. Interference with adequate oral 
electrolyte intake will also contribute to hypokalemia. Digi- 
talis therapy may exaggerate metabolic effects of hypokale- 
mia especially with reference to myocardial activity. Any 
chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circum- 
stances (as in liver disease or renal disease). Dilutional 
hyponatremia may occur in edematous patients in hot 
weather. Hyperuricemia may occur or gout be precipitated 
in certain patients. Insulin requirements in diabetic patients 
may be increased, decreased, or unchanged and latent 
diabetes mellitus may become manifest. Chlorthalidone 
and related drugs may increase the responsiveness to 
tubocurarine. The antihypertensive effects of the drug may 
be enhancediin the postsympathectomy patient. Chlor- 
thalidone and related drugs may decrease arterial respon- 
siveness to norepinephrine. If progressive renal impairment 
becomes evident, as indicated by a rising nonprotein 
nitrogen or blood urea nitrogen, a careful reappraisal of 
therapy is necessary with consideration given to withhold- 
ing or discontinuing diuretic therapy. Chlorthalidone and 
related drugs may decrease serum PBI levels without signs 
of thyroid disturbance. Adverse Reactions: Anorexia, gas- 
tric irritation, nausea, vomiting, cramping, diarrhea, con- 
stipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, 
xanthopsia; leukopenia, agranulocytosis, thrombocy- 
topenia, aplastic anemia; purpura, photosensitivity, rash, 
urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculi- 
tis), Lyell's syndrome (toxic epidermal necrolysis). Ortho- 
static hypotension may occur and may be aggravated by 
alcohol, barbiturates or narcotics. Other adverse reactions 
include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. Whenever 


| ine 24-hour sentry 
H O adverse reactions are moderate or severe, chlorthalidone N 


r effective once-daily therapy dosage should be reduced or therapy withdrawn. Usual 


€ Dose: One tablet daily. How Supplied: Tablets— 100 mg. 


(white, scored) and 50 mg. (aqua) in bottles of 100 and 
USV Pharmaceutical Mfg. Corp. 1000; PAKs of 28tablets, boxes of 6. 
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CONVENIENT AND ECONOMICAL 


KAON-CL 2096 


potassium chloride)LIQUID 


Indications: KAON-CL 20% is indicated for the treatment of potassium deple- 


tion in patients with hypokalemia and metabolic alkalosis, and for the treatment 
of digitalis intoxication. During therapy serum potassium levels should be moni- 
tored and the dosage titrated to achieve the desired clinical and laboratory ef- 
fects. KAON-CL 2095 is also indicated for the prevention of potassium depletion 
when the dietary intake of potassium is inadequate for this purpose. The 
prophylactic administration of potassium ion may be indicated in patients receiv- 
ing digitalis and diuretics for the treatment of congestive heart failure, hepatic 
cirrhosis with ascites, patients with hypertension on long-term diuretic therapy, 
hyperaldosteronism states with normal renal function, the nephrotic syndrome, 
and certain diarrheal states. 

Contraindications: In patients with hyperkalemia, chronic renal failure, systemic 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns. 
adrenal insufficiency, or the administration of a potassium-sparing diuretic (e.g., 
spironolactone, triamterene). 

Warnings: Do not administer full strength. KAON-CL 20% will cause gastroin- 
estinal irritation if administered undiluted. 

In patients with impaired mechanisms for excreting potassium, the administra- 
tion of potassium salts can produce hyperkalemia and cardiac arrest. Potentially 
fatal hyperkalemia can develop rapidly and be asymptomatic. The use of potas- 
sium salts in patients with chronic renal disease, or any other condition which 
impairs potassium excretion, requires particularly careful monitoring of the 
serum potassium concentration and appropriate dosage adjustment. 

Hypokalentia should riot be treated by the concomitant administration of 


40 mEq perl5ml 


potassium salts and a potassium-sparing diuretic (e.g., spironolactone or triam- 
terene) since the simultaneous administration of these agents can produce se- 
vere hyperkalemia. 
Precautions: The diagnosis of potassium depletion is ordinarily made by dem- 
onstrating hypokalemia in a patient with a clinical history suggesting some cause 
for potassium depletion. The treatment of potassium depletion, particularly in 
the presence of cardiac disease, renal disease, or acidosis, requires careful atten- 
tion to acid-base balance and appropriate monitoring of serum electrolytes, the 
electrocardiogram, and the clinical status of the patient. 
Adverse Reactions: Nausea, vomiting, abdominal discomfort and diarrhea. 
These symptoms are due to irritation of the gastrointestinal tract and are best 
managed by diluting the preparation further, taking the dose with meals, or 
reducing the dose. 
The most severe adverse effect is hyperkalemia (see Contraindications, Warn- 

ings and Overdosage). 
Overdosage: If excretory mechanisms are impaired or if potassium is admin 
tered too rapidly intravenously, potentially fatal hyperkalemia can result (see 
Contraindications and Warnings). It is important to recognize that hyperkalemia 
is usually asymptomatic and may be manifested only by an increased serum 
potassium Velas gr and os 
electrocardiographic changes. Late mani- 
festations clade muscle oisi and car- WARREN-TEED 

: PHARMACEUTICALS INCORPORATED 
diovascular collapse from cardiac arrest. sussioiany or ROWM ANO NAAS COMPANY Å 
How Supplied: Pints. gallons and 4 fl. oz. coLrumesus. onio 43215 
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159 Continuing Disease Process of Calcific Aortic Stenosis. Role of Microthrombi and Turbulent 
Flow 


PAUL D. STEIN, HANI N. SABBAH and JAN V. PITHA 


Microthrombi were frequently observed on the surface of calcific and stenotic aortic 
valves. Repetitive deposits of such microthrombi, initiated by turbulent flow and other fluid 
dynamic factors and followed by organization and calcification, best explain the continuing 
deformity and progressive narrowing of stenotic aortic valves. In addition to mechanical ef- 
fects of turbulence, hemolysis and platelet aggregation and abnormal valve surfaces fur- 


ther enhance platelet deposition. 


164 Congenital Bicuspid Aortic Valve After Age 20 


JOHN J. FENOGLIO, Jr., HUGH A. McALLISTER, Jr., CARLOS M. DeCASTRO, 
JAMES E. DAVIA and MELVIN D. CHEITLIN 


Aortic stenosis was found among 28 percent of 152 patients aged 20 years or older with a 
bicuspid aortic valve at autopsy. Although the incidence of aortic stenosis increased pro- 
gressively with age, 37 percent of patients over age 50 and 27 percent over age 70 had an 
apparently normal valve, indicating that the bicuspid aortic valve does not invariably be- 
come stenotic or insufficient. The most frequent cause of death was infective endocardi- 
tis. 


Cardiac Shape and Function in Aortic Valve Disease: Physiologic and Clinical Implications 


STEPHEN J. FISCHL, RICHARD GORLIN and MICHAEL V. HERMAN 


Chronic volume loading in patients with aortic regurgitation may effect changes in archi- 
tecture and fiber alignment of the left ventricular wall that significantly influence their clini- 
cal course. Ventricular shape (eccentricity) was nearly always normal in aortic stenosis but 
showed abnormal roundness in diastole in aortic regurgitation. Clinical results after valve 
surgery were better in patients with aortic stenosis than in those with aortic regurgitation 
in whom changes in eccentricity and ejection fraction were the best predictors of surgical 
outcome. 


Ventriculographic and Hemodynamic Features of Mitral Regurgitation of Cardiomyopathic, 
Rheumatic and Nonrheumatic Etiology 


JAMES L. BOLEN and EDWIN L. ALDERMAN 


Quantitative angiographic data in 40 subjects with significant primary, rheumatic or car- 
diomyopathic mitral regurgitation revealed that left ventricular end-diastolic pressure was 
a poor indicator of severity and that the normalized V waves were significantly related to 
the regurgitant fraction in all groups. Ventricular end-diastolic volume was directly related 
to regurgitant fraction and ejection fraction was well maintained except in the group with 
cardiomyopathy. In the latter, ejection fraction was depressed and end-diastolic volume 
disproportionately increased. The regurgitant fraction is an index against which to assess 
angiographic and hemodynamic features of individual patients. 


Continued on page A 19 
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A stereo with the high-frequency range to tweet 
the piccolos and the low-frequency response to 
boom the cannons of “The 1812 Overture” will 
also hiss the dust of the record. Similarly, an 
electrocardiograph, such as the Burdick 
EK-5A, that's hi-fi enough to register minute 
voltages important to accurate diagnosis, will 
also register subtle interference, or artifact. 


But we think you shouldn't have to take the bad 
with the good. That's 

why, along with our 
EK-5A—which we de- 
signed around a new 
concept of rec- 
tilinear recording, to 
produce a higher- 
fidelity ECG—we 
developed a couple 
of things you can 
take advantage of 

at no charge: The 
Burdick Elec- 


ds 
x 


fact 
from 
artifact 


BURDICK 


How 
Burdick 












trocardiograph Technician Training Program, 
which demonstrates, among other things, 
the proper technic for avoiding somatic trem- 
or artifact. And the Burdick AC Interfer- 
ence Locator, a device for identifying the 
source of electrostatic or electromagnetic 
interference. 


With the combination of an EK-5A, thorough 
technician training, and a proper environment, 
you get precise, 
ne artifact-free ECGs. Fora 
demonstration of the 
"|  EK-5A, information on 
the training program, 
or an interference 
survey, call toll-free 
800-356-0701. In 
Wisconsin: (608) 
868-7631. Or write 
The Burdick Corpo- 
ration, Milton, Wis- 
consin 53563. 
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184  Echocardiographic Observations in Patients With Systemic Infiltrative Disease Involving 


the Heart 


JEFFREY S. BORER, WALTER L. HENRY and STEPHEN E. EPSTEIN 


Using echocardiography to analyze the cardiac status of 19 adults with a systemic disease 
associated with infiltrative cardiomyopathy, these investigators detected echocardiograph- 
ic abnormalities in such patients even before clinically evident heart disease developed. 
Although 10 patients had no clinical evidence of heart disease, all 19 had echocardiogra- 
phic abnormalities, consisting of increased left ventricular mass, thickened ventricular free 
wall and septum and increased left ventricular internal and left atrial transverse dimen- 
sions. 


189  Correlations of Electrocardiography and Echocardiography in Determination of Left 


Ventricular Wall Thickness: Study of Apparently Normal Subjects 


ALAN S. BAHLER, LOUIS E. TEICHHOLZ, RICHARD GORLIN and MICHAEL V. HERMAN 


In 30 healthy volunteers the thickness of the interventricular septum exerted a greater in- 
fluence on the summated vector and Vs,+r than the echocardiographically assessed 
thickness of the free posterior wall of the left ventricle. The latter may be a poor indication 
of the state of the remaining free ventricular wall. The more physically active subjects had 
echocardiograms consistent with thickening of the interventricular septum, but the signifi- 
cance of this observation requires further investigation. The study also suggests caution in 
the application of available echocardiographic criteria for the diagnosis of asymmetric 
septal hypertrophy. 


196 Sleep Disturbances After Open Heart Surgery 


WILLIAM C. ORR and MONTE L. STAHL 


Patients undergoing open heart surgery suffer both acute and chronic disruptions of sleep, 
lasting well beyond the period of hospitalization, that have considerable relevance to post- 
operative management. Much of the acute postoperative sleep deprivation was iatrogeni- 
cally induced and attributable to the patients' exposure to voice levels, lighting conditions, 
unnecessary awakenings by the staff and other factors disturbing sleep in the intensive 
care unit. 


METHODS 


Peripheral Venous Contrast Echocardiography 


JAMES B. SEWARD, ABDUL J. TAJIK, DONALD J. HAGLER and DONALD G. RITTER 


Contrast echocardiography using superficial venous injections of echo-producing agents 
in 60 patients with a spectrum of cardiac defects proved practical in localizing right to left 
shunts and in recognizing characteristic flow patterns for tricuspid atresia and common 
ventricle. This study established the clinical usefulness of this relatively noninvasive tech- 
nique in detecting and localizing intracardiac right to left shunting. 


Continued on page A23 
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HYPERTENSION* 


IT MAKES SENSE TO PRESCRIBE A REGIMEN THAT 
MAINTAINS PATIENT COMFORT, IS CONVENIENT 
AND ECONOMICAL. 
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Each capsule contains 50 mg. of Dyrenium® (triamterene, SK&F Co.) 
and 25 mg. of hydrochlorothiazide. 


HELPS AVOID K* LOSS 


The ‘Dyrenium’ in ‘Dyazide’ helps promote patient comfort by 
limiting the loss of essential potassium during drug therapy for 
hypertension. Potassium depletion caused by conventional 
diuretics and the resultant symptoms of fatigue and muscle 
cramps are seldom a problem with “Dyazide’. 


CONVENIENT 


Potassium supplements are seldom needed, in fact they should 
not be used unless hypokalemia develops or dietary K* intake 
is markedly impaired. 





One or two capsules, once or twice daily for maintenance, 
according to the response of the patient. 


ECONOMICAL 


The expense of K* rich foods and potassium supplements can 
cost your patient more than conventional antihypertensive 
diuretics. '*Dyazide' costs less than other K -sparing agents. 


SERUM K* AND BUN SHOULD BE 
CHECKED PERIODICALLY 


Particularly in the elderly, diabetics, and those with suspected 
or confirmed renal insufficiency. Elevated serum potassium 
levels can occur because of the potassium-sparing effect of 
‘Dyrenium’, but they are rare in patients with normal renal 
function. If hyperkalemia develops, substitute a thiazide alone. 


Use ‘Dyazide’ with caution during pregnancy or in women who 
might bear children; potential benefits should be weighed 
against possible hazards to the fetus. 


SIKSF CO. 
Carolina, P.R. 00630 
Subsidiary of 


SmithKline Corporation 


*'Dyazide' is not indicated for initial therapy. See next page for indications and 


brief summary of prescribing information. 





p 
? Trademark MS "X 
(R) Before prescribing, see complete prescribing ( 
information in SK&F Co. literature or PDR. A 


brief summary follows: 





*| WARNING 
This fixed combination drug is not indicated 
for initial therapy of edema or hypertension. 
Edema or hypertension requires therap 
titrated to the individual patient. If the fixed 


| combination represents the dosage so deter- 


Each capsule contains 50 mg. of Dyrenium® (triamterene, SK&F Co.) mined, its use may be more convenient in 
e xot patient management. The treatment of hyper- 
and 25 mg. of hydrochlorothiazide. tension and edema is not static, but must be 
reevaluated as conditions in each patient 
sents the dosage determined by titration: Adjunc- 
tive therapy in edema associated with congestive 
heart failure, hepatic cirrhosis, the nephrotic 
* syndrome. Corticosteroid and estrogen-induced 
edema, idiopathic edema; hypertension, when the 
potassium-sparing action of its 'Dyrenium' 
component is warranted. 





* Indications: When the fixed combination repre- 


Contraindications: Further use in progressive renal 
or hepatic dysfunction; hyperkalemia. Pre- 

existing elevated serum potassium. Hyper- 
sensitivity to either component or other sulfona- 
mide-derived drugs. Routine use of diuretics in 
otherwise healthy pregnancy. 


Warnings: Do not use potassium supplements, 
dietary or otherwise, unless hypokalemia develops 
or dietary intake of potassium is markedly 
impaired. If supplementary potassium is needed, 
posses tablets should not be used. Hyper- 
alemia can occur, and has been associated with 
cardiac irregularities. It is more likely in severely 
ill patients with urine volume less than one liter/ 
day, the elderly or diabetics, with suspected or 
confirmed renal insufficiency. Periodic determina- 
tions of serum K* should be made. If hyper- 
kalemia develops, substitute a thiazide alone, 
restrict K^ intake. The presence of a widened QRS 
complex or arrhythmia in association with hyper- 
kalemia requires prompt additional therapy. 
Thiazides are reported to cross the placental barrier 
and appear in breast milk; fetal or neonatal hyper- 
bilirub nemié; thrombocytopenia, altered carbo- 
hydrate metabolism and other adverse reactions 
that have occurred in the adult may result. When 
used in pregnancy or in women who might bear 
children, weigh potential benefits against possible 
hazards to fetus. Adequate information on use in 


children is not available. 


Precautions: Do periodic serum electrolyte deter- 
minations (particularly important in patients 
vomiting excessively or receiving parenteral fluids). 
Periodic BUN and serum creatinine determinations 
should be made, especially in the elderly, diabetics, 
or those with suspected or confirmed renal 
insufficiency. Watch for signs of impending coma 
in severe liver disease. If spironolactone is used 
concomitantly, determine serum K* frequently; 
both can cause K* retention and elevated serum 
K+. Two deaths have been reported with such 
concomitant therapy (in one, recommended dosage 
was exceeded, in the other serum electrolytes were 
not properly monitored). Observe regularly for 
ossible blood dyscrasias, liver damage, other 
idiosyncratic reactions. Blood dyscrasias have been 
reported in patients receiving Dyrenium® (tri- 
amterene, SK&F Co.), and leukopenia, thrombo- 
cytopenia, agranulocytosis, and aplastic anemia 
have been reported with thiazides. Do periodic 
blood studies in cirrhotics to check for nondrug- 
n related variations in blood pictures, and in patients 
—— with folic acid depletion, since ‘Dyrenium’ may 
contribute to appearance of megaloblastosis. 
Antihypertensive effect may be enhanced in post- 
sympathectomy patients. Use cautiously in surgical 
patients. The following may occur: transient 
elevated BUN or creatinine or both, hyperglycemia 
and glycosuria (diabetic insulin requirements may 
be altered), hyperuricemia and gout, digitalis 
intoxication (in hypokalemia), decreasing alkali 
reserve with Doastble metabolic acidosis. 'Dyazide' 
interferes with fluorescent measurement of 
quinidine. 
Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth; anaphylaxis, 
rash, urticaria, photosensitivity, purpura, other” 
dermatological conditions; nausea and vomiting, 
diarrhea, constipation, other gastrointestinal 


T disturbances. Necrotizing vasculitis, paresthesias, 
S454 { O icterus, pancreatitis, xanthopsia and, rarely, 
z allergic pneumonitis have occurred with thiazides 








lina, P.R. 00630 alone. 
mn "n : f Supplied: Bottles of 100 and 1000 capsules; 
ae uDsIciary o Single Unit Packages of 100 (intended for institu WN 
» SmithKline Corporation tional use only). 
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REPORTS ON THERAPY 


213 Effect of Cholestyramine on Digoxin Absorption and Excretion in Man 


WILLIAM H. HALL, STEPHEN D. SHAPPELL and JAMES E. DOHERTY 


These in vitro studies in six subjects receiving digoxin therapy for heart disease show that 
cholestyramine is a weak digoxin binder in the gut and that changes in digoxin metabolism 
induced by this resin are unlikely to be due to drug binding. Cholestyramine did not affect 
digoxin absorption; as reflected by urinary or fecal excretion, and it is unlikely that it exerts 
any alimentary drug interaction through binding of the digoxin molecule. 


PEDIATRIC CARDIOLOGY 


217  Echocardiogram in Common (Single) Ventricle: Angiographic-Anatomic Correlation 


JAMES B. SEWARD, ABDUL J. TAJIK, DONALD J. HAGLER, EMILIO R. GIULIANI, 
GERALD T. GAU and DONALD G. RITTER 


Echocardiographic experience in 55 cases of common ventricle, including 8 studied after 
surgical correction by ventricular septation, revealed valuable information in the preopera- 
tive and postoperative assessment of ventricular anatomy in this complex congenital de- 
fect. The echocardiographic findings in cases with two angiographically demonstrable 
atrioventricular valves and in cases with a common atrioventricular valve are described in 
detail. 


226  Ventricular Inversion Without Transposition of the Great Arteries. A Rarity Found in 
Association With Atresia of the Left-Sided (Tricuspid) Atrioventricular Valve 


W. BRUCE DUNKMAN, JOSEPH K. PERLOFF and WILLIAM C. ROBERTS 


In this rare case of isolated ventricular inversion and tricuspid atresia the patient died from 
pulmonary edema when the obstructed left atrium could not cope with the increased pul- 
monary blood flow through the Waterston shunt. In retrospect, the chances for survival 
might have improved if an atrial septectomy had also been performed. Isolated ventricular 
inversion without situs inversion has rarely been reported, and no previous patient had tri- 
cuspid atresia. 


232  Transposition of the Great Arteries With Intact Ventricular Septum and Patent Ductus 
Arteriosus 


J. DEANE WALDMAN, MILTON H. PAUL, EDGAR A. NEWFELD, ALEXANDER J. MUSTER 
and FAROUK S. IDRISS 


A patent ductus arteriosus was found with angiography at the time of initial balloon atrial 
septostomy in 39 of 81 infants with transposition of the great arteries and intact ventricular 
septum. Persistence of a large patent ductus arteriosus for several months was associated 
with an increased incidence of early pulmonary vascular disease. Therapeutic options and 
priorities are presented for the infant with a large patent ductus arteriosus after initial bal- 
loon atrial septostomy, including careful initial follow-up and urgent early closure of the 
ductus or elective closure with concurent corrective surgery when the infant's condition is 
stable. 
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EPIDEMIOLOGY 


Epidemiologic Studies of Coronary Heart Disease and Stroke in Japanese Men Living in 
Japan, Hawaii and California. Incidence of Myocardial Infarction and Death From Coronary 
Heart Disease 


THOMAS L. ROBERTSON, HIROO KATO, GEORGE G. RHOADS, ABRAHAM KAGAN, 
MICHAEL MARMOT, S. LEONARD SYME, TAVIA GORDON, ROBERT WORTH, 
JOSEPH L. BELSKY, DONALD S. DOCK, MICHIHIRO MIYANISHI 

and SADAHISA KAWAMOTO 


This tripartite (Nippon-Honolulu-San Francisco) study confirms a strikingly greater inci- 
dence of myocardial infarction in Japanese men who emigrate to the United States than in 
men remaining in Japan. This increase, more pronounced in California than in Hawaii, ap- 
pears to be associated with Westernization of life style and the accompanying change in 
environment or living habits. 


i 244 Epidemiologic Studies of Coronary Heart Disease and Stroke in Japanese Men Living in 


Japan, Hawaii and California. Coronary Heart Disease Risk Factors in Japan and Hawaii 


THOMAS L. ROBERTSON, HIROO KATO, TAVIA GORDON, ABRAHAM KAGAN, 
GEORGE G. RHOADS, CHARLES E. LAND, ROBERT M. WORTH, JOSEPH L. BELSKY, 
DONALD S. DOCK, MICHIHIRO MIYANISHI and SADAHISA KAWAMOTO 


The increased coronary risk profile in men of Japanese ancestry living in Hawaii as com- 
pared with that in Japanese men living in Japan accounts for the greater incidence of coro- 
nary heart disease in Hawaii. This risk profile included systolic blood pressure, serum cho- 
lesterol, relative weight and age. Current cigarette smoking was significantly related to the 
risk of coronary heart disease in Hawaii but not in Japan. 


HISTORICAL MILESTONES 


250 Permanent Pacing of the Heart: 1952 to 1976 


VICTOR PARSONNET with the technical assistance of MARJORIE MANHARDT 


Pacing of the heart has grown rapidly and extensively so that about 1 in every 1,300 per- 
sons in the United States has an implanted pacemaker and the rate of new implants is 
270/million each year. Because 30 percent or more of pacemaker operations are for prob- 
lems other than routine battery exhaustion, new power sources will have a great impact but 
will not change the state of the art materially. This emphasizes the need for improvement 
in other pacemaker components. 


EDITORIALS 


Statistical Considerations in the Analysis and Reporting of Time-Related Events. 
Application to Analysis of Prosthetic Valve-Related Thromboembolism and Pacemaker 
Failure 


GARY L. GRUNKEMEIER, DAVID R. THOMAS and ALBERT STARR 


Continued on page A26 
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Senokot 


For the special needs of patients 
with hard, dry stools * 


Hard, dry stools hurt, and may be hazardous by causing straining. SENOKOT S Tablets offer 
comfortable relief by softening the stool and stimulating its movement. 





Provides standardized senna concentrate, 

a clinically established laxative of choice 

Standardized senna concentrate is a gentle, effective neuroperistaltic stimulant with 
documented effectiveness in thousands of patients. Its virtually colon-specific, gentle, 
predictable action is generally free of side effects at proper dosage levels. 


Provides DSS, the classic stool softener 
DSS in SENOKOT S Tablets complements the laxative effect of standardized senna 
concentrate by *moistening" and softening the stool for smoother and easier passage. 


Comfortable overnight action 

With DSS and standardized senna concentrate, SENOKOT S Tablets provide both softness 
and stimulation for constipated patients with hard, dry stools. Taken at bedtime SENOKOT S 
Tablets usually induce predictable, comfortable evacuation the next morning. 


Purdue Frederick 


© COPYRIGHT 1976, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 
AB339 178576 





(standardized senna concentrate and dioctyl sodium sulfosuccinate ) tablets 


the" S" stands for softener 
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ExerCybernetics 


the total communication between man and machine 
in the automatic control and documentation of exercise stress testing. 


Del Mar Avionics new 3100 ExerStress? Analysis Systems do it the way p^ TTT 


: DEL MAR AVIONICS AJC 2 
you want it. Automatically. From workup, throughout test, to recovery. 


1601 Alton Avenue at Redhill 
And they do it with a difference. We call that difference ExerCybernetics. | "ne California 92714 - (714) 949.1500 


O Please send me more information on Del Mar 
Avionics new ExerCybernetics Systems. 


Communication is what it's all about. Not a one-sided monologue of ZW | 
O Please schedule me for a visiting demonstration. 


| 
| 
| 
automation and documentation like other computer-assisted systems, | 
Del Mar Avionics 3100 ExerStress Analysis Systems include you in the 4 &————fc 
conversation. Your input can change and direct the automation before, | 
during, and after the procedure. You ask the machine what you want. | 

| 


to know, not what the machine has been programmed to tell you. 


Organization 


Address 
The concept is ExerCybernetics.The reality is Del Mar Avionics new : à 
3100 ExerStress Analysis Systems. The difference is you. age de uiis e RE. EV UP eke ien. ctor MESES RED 


DEL MAR AVIONICS 





| For7out of 10 patients, 
our present defibrillator 


. may be powerful enough. 


But more important, fo 
-3out of IO it may not be. 
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^ Recent studies of de- 
fibrillation have disclosed 
some disquieting facts: *‘the 
success rate for defibrillation 
fhuman adults is only about 
65% with defibrillators which 
deliver 300 watt-seconds 
of energy. '* And *‘the prob- 
ability of defibrillating a sub- 
ject who weighs over 220 
pounds is extremely low. '* 
These studies have produced 
the following finding: *' virtu- 
ally all defibrillators now in 
use have inadequate output 
to defibrillate many human 
adults... * 

Because of this, we ed | 
developed the Datascope M/ Dal. A Sabie 
defibrillator capable of delivering not 300, or the 
widely available 320, but 460 watt-seconds of 
energy. Fully 1/3 more energy than most any other 
portable defibrillator made today. 
| Which means,very simply, that you have 
more capability when you need it. 
| But the Datascope M/D2J doesn't just de- 
liver more energy than other defibrillators. It tells 
you more about what it's delivering. 

It is the only defibrillator in the world that 
reads the current delivered 
to the subject during de- 
fibrillation. (Energy 
produces current. But 
current is what produces 


r - — 
*TACKER, JR., W.A.: ELECTRICAL DOSE FOR VATASCOPE . : 
DEFIBRILLATION. CARDIAC DEFIBRILLATION 
CONFERENCE, PURDUE UNIVERSITY, 


PGS. 121-7, OCT. '75. 
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defibrillation. Which is why 
current is the truly meaning- 
ful measure. ) It also reads 
selected delivered energy. 
And delivered energy into a 
built-in test load. And insteac 
of test lights, or ready lights, 
all readings are precisely 
shown on a bright digital 
display. 

To this point, we've 
been discussing the M/D2J 
as if it were merely a defibril- 
lator. Of course, it's a mon- 
itor/defibrillator. The defib- - 
rillator is an impressive part. 
But the other parts are equal- 
' ly impressive. The M/D2J 
offers the finest non-fade monitor of any 
monitor/defibrillator in emergency medicine. 

And it offers the new Databank. The first 
cassette recording system in emergency medicine. 
An instrument that does away with the bulk of 
paper recording while allowing you to record not 
merely ECG, but also to record the detailed 
management of the patient verbally onto the tape. 

Which means that in addition to offering 
more energy, our system offers more capability 


than any monitor/ SENOUEEOEI in the world. 


For more 
information on the 
new M/D2J, write: 
Datascope Corp., 
580 Winters Avenut 
Paramus,N.J.0765. 


The new M/D2J 
with Databank. 
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Holter Monitor 
Give-Away 


Dear Doctor, 
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With regard to your inquiry about our Holter Monitor give-away 
program and scanning service -YES, IT'S TRUE - WE ARE GIVING IT AWAY- 


vu 


C HEAPER 
and B ETTER 
and S WIFTER 


So, if you're going to do it, and you really can't afford not to, 
DO IT RIGHT! 


The two minute EKG is no longer enough...24 hours of two channel, 
ambulatory monitoring is the thing now. 


Let us help you. We'll give you a recorder, tell you when, where, 
and why to use it. We'll spoil you with service. Then you'll join 
our long and constantly growing list of happy clients who benefit 
from our slogan.... 


"WE NEVER MISS A BEAT' 


You've come this far, why not finish the page? Just fill in the 
information we need and we'll send back the information you need. 


It may be just what the doctor ordered...so...do it...now! 


vat! mec 


n 


: Sincerely, 
It P.S. VERY IMPORTANT: 

rV) Every computerized scan is double ENESE 
1 checked by our resident cardiologist. inert bmn Ee. 
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Sounds VERRY INTERRESTING! Go ahead - send it. 
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EÈ Address 
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E. CARDIO-BIONIC-SCANNING-INC. ccm. 





| Dosing continuity — —— 
throughout the critical care period 
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XE | | 
Toxic ' 
Concentration | P 


A ey on, eRe es ee ee gg ee 








| 
| 
| 
| 
| 


N. 


Plasma Procainamide 
Hydrochloride (4 g/ml) 
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lime 
| V Injection: | V Infusion: Pause: Oral tablets: 
100 mg every 5 minutes 2-6 mg per minute 3 or 4 hours 50 mg/kg/day 
until arrhythmia suppressed : l before or: 
P : PI (Wyman, MG, Hammersmith L: eic re oral 
(up to a maximum dose of 1 gram) Amer J Cardiol regimen begun. 
to be administered at a rate 33:661-667, 1974) 


not exceeding 25 to 50 mg/minute. 





For ventricular Pronestyl 
arrhythmias, Procainamide 
especially Hydrochloride 
following M I 





See next page for brief summaries. 









ETT 
RONESTYL' TABLETS . 
Procainamide Hydrochloride Tablets 
RRONEST YL" CAPSULES 
»cainamide Hydrochloride Capsules U.S.P. 


. The prolonged administration of procainamide often leads to the 
development of a positive anti-nuclear antibody (ANA) test with or 

. without symptoms of lupus erythematosus-like syndrome. If a positive 
ANA titer develops, the benefit/risk ratio related to continued pro- 
cainamide therapy should be assessed. This may necessitate considera- 

. tions of alternative anti-arrlfythmfc therapy. 


DE SCRIPTION: Pronestyl (Procainamide Hydrochloride) is the amide ana- 
log ie of procaine hydrochloride and is available for oral administration as 
capsules and veneer-coated tablets providing 250 mg., 375 mg., and 500 mg. 


procainamide hydrochloride. 


CONTRAINDICATIONS: In patients with myasthenia gravis and where a hyper- 
sensitivity to procainamide exists; bear in mind cross sensitivity to procaine and 
related drugs. Should not be given to patients with complete atrioventricular 
heart block. Contraindicated in cases of second degree and third degree A-V 


block unless an electrical pacemaker is operative. 
i 


A DN INISTRATION: Should procainamide therapy be continued for any 
appreciable period, electrocardiograms should be made occasionally to deter- 
mine its further need. 
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E ECAUTIONS: Evidence of untoward myocardial response should be care- 
fully watched for in all patients. In the presence of myocardial damage with 
atrial fibrillation or flutter, the ventricular rate may increase suddenly as the atrial 
rate is slowed; adequate digitalization reduces but does not abolish this danger. 
Ventricular tachysystole is particularly hazardous if myocardial damage exists. 
. The dislodgment of mura! thrombi producing an embolic episode may occur 
in correcting atrial fibrillation due to the forceful contractions of the atrium. 
.. Extreme caution is required in attempting to adjust the heart rate when ven- 
tricular tachycardia has occurred during an occlusive coronary episode or where 
the use of procainamide may result in additional depression of conduction and 
ventricular asystole or fibrillation as in second degree and third degree A-V 
block, bundle branch block, or severe digitalis intoxication. 
— Bear in mind when treating ventricular arrhythmias in patients with severe 
organic heart disease and ventricular tachycardia that complete heart block, 
which may be difficult to diagnose, may be present. Since asystole may result if 
the ventricular rate is significantly slowed without attainment of regular atrio- 
ventricular conduction, procainamide should be stopped and the patient re- 
evaluated. 
In the presence of both liver and kidney damage, normal dosage may produce 
‘symptoms of overdosage— principally ventricular tachycardia and severe hypo- 
tension. 
- A syndrome resembling lupus erythematosus has been reported with main- 
tenance procainamide therapy. Common symptoms are polyarthralgia, arthritis 
and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and pericarditis 
may also occur. Rare cases of thrombocytopenia or Coombs-positive hemolytic 
iemia, possibly related to this syndrome, have been reported. Measure anti- 
nuclear antibody titers at regular intervals in patients on procainamide for 
extended periods of time or in whom symptoms suggestive of lupus-like reaction 
‘appear; in event of rising titer (anti-nuclear antibody) or clinical symptoms of LE, 
assess the benefit/risk ratio related to continued procainamide therapy (see 
boxed Warning). Steroid therapy may be effective if discontinuation of pro- 
cainamide does not cause remission of symptoms. If the syndrome develops in a 
patient with recurrent life-threatening arrhythmias not otherwise controllable, 
'steroid-suppressive therapy may be used concomitantly with procainamide. 
ADVERSE REACTIONS: Hypotension is rare with oral administration. Serious 
disturbances | Xf cardiac rhythm such as ventricular asystole or fibrillation are 
nore common with I.V. administration. pit. 
- Large oral doses may sometimes produce anorexia, nausea, urticaria, and/or 
muritus. ——— v | 
e drome resembling lupus erythematosus has been reported (see Precau- 
tions). Reactions consisting of fever and chills have been reported, including a 
ase with nausea, vomiting, abdominal pain, acute hepatomegaly, and a rise in 
erum glutamic oxaloacetic transaminase following single doses of the drug. 
Agranulocytosis has been occasionally reported following repeated use of the 
g, and dea ths have occurred. Therefore, routine blood counts are advisable 
ing maintenance procainamide therapy; and the patient should be instructed 
o report jr Reape of the mouth, throat, or gums, unexplained fever or any 
symptoms of upper respiratory tract infection. If any of these symptoms should 
ccur and leukocyte counts indicate cellular depression, procainamide therapy 


^. E 


d be discontinued and appropriate treatment should be instituted im- 


liz tely. Bitter taste, diarrhea, weakness, mental depression, giddiness, psy- 
with hallucinations, and hypersensitivity reactions such as angioneurotic 
































recommended dosage for the indicated conditions and for full prescribing 
ormation. — 

HOW SUPPLIED: Pronestyl Tablets (Procainamide Hydrochloride Tablets) and 

Pronestyl Capsules (Procainamide Hydrochloride Capsules U.S.P.) providing 250 

mg., 375 mg.. and 500 mg. are available in bottles of 100 and Unimatic* single- 

| dose packaging in cartons of 100. The 250 mg. and 500 mg. tablets and capsules 

are also available in bottles of 1000. - 







DESCRIPTION: Pronestyl Injection (Procainamide Hydrochloride Injection 
U.S.P.) is a sterile aqueous solution providing 100 mg. or 500 mg. procainamide 
hydrochloride per ml. The 100 mg./ml. potency contains 0.9% (w/v) benzyl 
alcohol and 0.09% sodium bisulfite as preservatives. The 500 mg./ml. potency 
contains 0.1% methylparaben and not more than 0.2% sodium bisulfite as pre- 
servatives. 


CONTRAINDICATIONS: In patients with myasthenia gravis and where a 
hypersensitivity to procainamide exists; cross sensitivity to procaine and related 
drugs must be borne in mind. Should not be given to patients with complete 
atrioventricular heart block. Contraindicated in cases of high-degree A-V block 
unless an electrical pacemaker is operative. 


PRECAUTIONS: Evidence of untoward myocardial response should be care- 
fully watched for in all patients. In the presence of myocardial damage, pro- 
cainamide may produce untoward responses. !n atrial fibrillation or flutter, the 
ventricular rate may increase suddenly as the atrial rate is slowed; adequate 
digitalization reduces but does not abolish this danger. If myocardial damage 
exists, ventricular tachysystole is particularly hazardous. The dislodgment of 
mural thrombi producing an embolic episode may occur in correcting atrial 
fibrillation due to the forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart rate when ven- 
tricular tachycardia has occurred during an occlusive coronary episode or where 
the use of procainamide may result in additional depression of conduction and 
ventricular asystole or fibrillation as in A-V block, bundle branch block, or severe 
digitalis intoxication. 

Parenteral administration should be monitored electrocardiographically when- 
ever practicable. Parenteral administration should be discontinued at once if 
electrocardiograms give evidence of impending heart block. This complication 
should be kept in mind when treating ventricular arrhythmias (especially paren- 
terally) in patients with severe organic heart disease and ventricular tachy- 
cardia who may also have complete heart block. Since asystole may result if the 
ventricular rate is significantly slowed without attainment of regular atrio- 
ventricular conduction, procainamide should be stopped and the patient re- 
evaluated. 

In the presence of both liver and kidney damage, normal dosage may produce 
symptoms of overdosage — principally ventricular tachycardia and severe hypo- 
tension. 

A syndrome resembling lupus erythematosus has been reported with main- 
tenance procainamide therapy. Common symptoms are polyarthralgia, arthritis 
and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and pericarditis 
may also occur. Rare cases of thrombocytopenia or Coombs-positive hemolytic 
anemia, possibly related to this syndrome, have been reported. Measure anti- 
nuclear antibody titers at regular intervals in patients on procainamide for ex- 
tended periods of time or in whom symptoms suggestive of lupus-like reaction 
appear; discontinue drug in event of rising titer or clinical symptoms of LE. 
Steroid therapy may be effective if discontinuation of procainamide does not 
cause remission of symptoms. If the syndrome develops in a patient with recur- 
rent life-threatening arrhythmias not otherwise controllable, steroid-suppressive - 
therapy may be used concomitantly with procainamide. 


ADVERSE REACTIONS: Because procainamide is a peripheral vasodilator, L.V. 
administration may produce transient but at times severe hypotension partic- 
ularly in conscious patients. I.M. injection is less likely to cause serious falls in 
blood pressure. Serious disturbances of cardiac rhythm such as ventricular asys- 
tole or fibrillation are also more common with I.V. administration. 

A syndrome resembling lupus erythematosus has been reported. Reactions 
consisting of fever and chills including a case with fever and chills plus nau- 
sea, vomiting, abdominal pain, acute hepatomegaly. and a rise in SGOT fol- 
lowing single doses of the drug have been reported. Bitter taste, diarrhea, - 
weakness, mental depression, giddiness, psychosis with hallucinations, hyper- 
sensitivity reactions such as angioneurotic edema and maculopapular rash have 
beca ieported. Agranulocytosis has been occasionally reported following re- 
peated use of the drug, and deaths have occurred; therefore, routine blood counts 
are advisable during maintenance therapy. If soreness of mouth, throat or gums, 
unexplained fever or any symptoms of upper respiratory tract infection should 
occur and leukocyte counts indicate cellular depression, procainamide therapy 
should be discontinued and appropriate treatment should be instituted im- 
mediately. | 


ADMINISTRATION: Oral administration is preferred. When parenteral therapy - 
is necessary, intramuscular administration is the method of choice. Intravenous - 
use should be limited to extreme emergencies, the drug should be administered as 
a dilute infusion, and the patient should be monitored electrocardiographically. 
The intravenous dose should not exceed 1 gram. Administer at a rate not ex- 
ceeding 25 to 50 mg. per minute. - | f 

Should procainamide therapy be contirued for any appreciable period, elec- 
trocardiograms should be made occasionally to determine its further need. 

The package insert should be read carefully to become familiar with the 
recommended dosage for the indicated conditions. 


HOW SUPPLIED: Pronestyl Injection (Procainamide Hydrochloride Injection - 
U.S.P.) is available in 10 ml. vials providing 100 mg./ml. and in 2 ml. vials pro- 


viding 500 mg./ml. , 
© The Priceless Ingredient of every product 
SQUIB is the honor and integrity of its maker.’™ 


61977 E. R. Squibb & Sons, Inc. 447-501 N 
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CARDIOVASCULAR CATHETERS 
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First in Cardiovascular Catheters 
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USABLE LIFE—5-6 YEARS 


THICKNESS—56" 17 mm 
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Mercury 


USABLE LIFE—3 YEARS 
THICKNESS—1" 25 mm 
WEIGHT—155g 
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Advantages: 


Siemens was one of the first to 
develop a lithium powered pace- 
maker with double the usable life 

of mercury models. While not the 
first to market one, our additional 
testing and research has produced a 
group of lithium pacemakers with 
significant advantages. 


The smooth, rounded contour and 
slender profile has proved very 
comfortable for the patient. 


The basic rate of 70 impulses per 
minute is maintained throughout the 
life of the pacemaker. The basic 
rate is not dependent upon battery 
voltage and thus it does not decline 
during its useful lifetime. 


PHONE 
ADDRESS 


CITY 





Two distinct cell depletion indicators 
are offered only in Siemens-Elema 
lithium pacemakers. A magnet test 
rate drops from 100 impulses per 
minute to 85 per minute indicating 
aging. A drop in basic rate from 70 to 
60 impulses per minute makes the 
patient aware of need for replace- 
ment prior to a 3-month safety 
period. These tests are especially 
important in pacemakers with 5 to 12 
years usable life. 


QRS-inhibited Model 207 has an 
impulse duration of 1.0 ms and 
Model 217 has an impulse duration 
of 0.5 ms. While somewhat more 
expensive than mercury pacemakers, 
the cost per year of usable life is 
25-30% less. These two 6-year 
lithium pacemakers are 33% thinner 
and lighter than mercury models 
offering 3 years usable life. Patient 
comfort is increased, incidence of 
irritation and perforation is 
significantly reduced. 


Our Model 187 lithium pacemaker 
(.75 ms impulse duration) offers up to 
12 years usable life. This model also 
is only 56" (17 mm) thick, while 
overall volume and weight is similar 
to a 3 year mercury pacemaker. 


NAME 


STATE 


VIIGI | VUIMIVEI 


Stable electrical parameters 
throughout the pacemaker's life. 
Practically insensitive to interference. 
For extra safety, the pacemaker 
switches from the inhibited mode in  . 
the event of unusually strong fields of 
interference. 


Defibrillation-proof. 
Run-away protection. 


Pacemaker housing is hermetically- 
sealed titanium; the lithium-iodide 
cell is also hermetically sealed for 
greatest reliability. Pulse amplitude 
decreases only 0.8V from beginning 
to end of estimated pacemaker life. 





CALL COLLECT FOR A LITHIUM PACEMAKER DEMONSTRATION OR WRITE FOR LITERATURE. 


[] Please call for an appointment to demonstrate Siemens-Elema lithium pacemakers. 
[] Please send literature describing Models 187, 207 and 217. 


ZIP 


SIEMENS-ELEMA 


Pacemaker Division « Elema-Schonander, Inc. « Box 128 * Elk Grove Village, Illinois 60007 «* 312/640-646Q * 
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A Broken Heart 


It can start with a little 
high blood pressure 


Infarction with rupture of the wall in the left 
ventricle of man, 66; with mild hypertension. 
Blood clot in pericardial sac. Postmortem 


Photographed exclusively for Boeħringer 
Ingelheim by Lennart Nilsson. 





Reach for 
normal 


blood 
pressure: 









In mild to moderate 
hypertension 


Catar res 
(clonidine HCI) 


Catapres can make a diuretic 
look good. 


When more than a diuretic is needed, adding Catapres 
usually lowers blood pressure more.! 


You can add Catapres to 
Catapres to get pressure down 


near normal. 


Wide therapeutic dosage range—0.2 mg to 2.4 mg* 
daily. Catapres may be all you need to reach 
near-normal levels. 


*Doses as high as this have rarely been employed. 


Catapres usually doesn't add a 
lot of problems. 


The most common side effects — dry mouth, drowsiness, 
sedation — generally tend to diminish with time. When 
stopping Catapres, reduce dosage gradually over two 
to four days to avoid a possible rapid rise in pressure. 


Please see next page of advertisement for 
a brief summary of the prescribing information including 
precautions, warnings, and adverse reactions. 
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Hypertension through the lens of 
Lennart Nilsson. The photographic 
genius of Lennart Nilsson has revealed 
extraordinary details of the human 
organism. Now, Boehringer Ingelheim 
has commissioned an exclusive series 
of photographs by Nilsson depicting 
hypertensive damage. This series, 
presented in the interest of continuing 
medical education, vividly records the 
progression of an insidious disease. 
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_ In mild to moderate hypertension 
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The Catapres Potential: 
blood pressure not just down, 


but down near normal 
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diuretic is wrong for your patient 
Add 


Catapres when a diuretic 
alone doesn't let you reach 
near-normal pressure 





| Catapres? 


(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 
(clonidine hydrochloride) is mild to moderate in potency. 
It may be employed in a general treatment program 

with a diuretic and/or other antihypertensive agents 

as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 


^ Usage in Pregnancy: In view of embryotoxic findings in 
‘animals, and since information on possible adverse 


effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 


_ who are or may become pregnant unless the potential 
— benefits outweigh the potential risk to mother and fetus. 


Usage in Children: No clinical experience is available 


with the use of Catapres (clonidine hydrochloride) in 
. children. 


_ Precautions: When discontinuing Catapres (clonidine 


hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their physician. Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pres- 
sure, should it occur, can be reversed by resumption 

of clonidine hydrochloride therapy or by intrave- 

nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machinery 
or driving, should be advised of the sedative effect. 
This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 


4 *'ecerebrovascular disease or chronic renal failure. 


d 
[| 
LI 


As an integral part of their overall! long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug, some of them rarely. (In some instances 
an exact causal relationship has not been established.) 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride, chlorthalidone, and 


papaverine hydrochloride. Weight gain, transient eleva- 


tion of blood glucose, or serum creatine phosphokinase: 
congestive heart failure, Raynaud's phenomenon; vivid 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period o: ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100. 
For complete details, please see full prescribing 
information. 
Under license from Boehringer Ingelheim GmbH 


Reference: 1. Data on file at Boehringer Ingelheim Ltd. 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 


oO) (ORs Ore is 
of recent research. 

Doctors have identified high serum cholesterol as 
one of the major risk factors in coronary heart dis- 
ease. One way to reduce the risk is to prescribe a 
low cholesterol, low saturated fat diet. A diet that is 
tasty enough to ensure compliance. 

That's where Fleischmann’s® Margarine and 
Fleischmann's Cholesterol-free Egg Substitute, Egg 
Beaters? can help. 

Fleischmann s Margarine has no cholesterol. 

Its made from 10096 corn oil. It's low in saturated 
fat and high in polyunsaturates. When used in 
clinical studies as part of a total dietary program, 
Fleischmann's Margarine helped reduce serum 
cholesterol an average of 17%. 

What's more, Fleischmanns has a light, pure taste 
that makes sensible eating delicious. 


It’s cholesterol-free. With all the good flavor and 
nutrition of farm fresh eggs— in omelets, baked 
goods or scrambled up for breakfast. 

So help your patients help themselves. Recom- 
mend Fleischmann s Margarine and Egg Beaters as 
delicious partners in a primary prevention diet. An 
ounce of prevention is certainly worth a pound 
of cure. 

Fine products of Handad Brands 


Dining out? Ask for Egg Beaters and 
Fleischmann s Margarine at your favorite restaurant. 





' 


ZSEZILII 
475365988598». 
SLITET TITTET 





1 
i 
i 





* PE, 


Fe UT 


) nn f | | | | 


T Fy 











The place of INDERAL ( 


INDERAL protects the heart from undesirable 


propranolol 
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‘It has been widely 
praventricular arrhythmias 
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ercise..has uniformly been 


atrial tachycardia induced by ex- 
prevented by propranolol,” and 


valuable in restoring the heart to a 
regular sinus rhythm. ? “Paroxysmal 


slows the ventricular rate 
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“In paroxysmal atrial tachycardia, the dru 


roxysmal 
rial tachycard 
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results with INDERAL inthe 
...have been favorable 
"4 


Wolff-Parkinson-White s 


drome“ 
inall butafew patients reported. 


This condition appears to be 
one of the more definite indi- 


cations for propranolol. 
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4 persistent sinus tachycardia 
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rate is indeed inappropriate, 
treatment with propranolol has 
"a 


been successful. 
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tachycardias 
and arrh | 
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to thyrotoxico 


reduction of the heart rate in hyperthyroidism, it has 





SIS 


due 


“QZ 


may be relieved by the administration of 

propranolol before definitive therapy... The 

author has observed that atrial fibrillation 
using modest doses of propranolol. 


in hyperthyroidism which causes symptoms 
complicating hyperthyroidism was easily terminated 


proved useful for this purpose. Sinus tachycardia 


In cases of atrial premature beats frequent 


persistent atrial extrasystoles 





enough that they could herald the onset 


of atrial fibrillation, it has been 


recommended that propranolol be used 


after other measures have 
failed to control the beats.^ 
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atrial fibrillation 
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"Propranolol is very effective in treating 
arrhythmias caused by digitalis excess. Its use 
in this setting may be limited by the presence of 
significant congestive heart failure or heart 
block, both of which can be potentiated by 
propranolol. However, if given in small doses 
with careful monitoring, it is often of great 
value in the treatment of digitalis toxicity.” 5 


Brand of 


Diop 


4 
‘++; helps prevent or control 
catecholamine-induced 
s cardiac arrhythmias 
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“Inthe presence of atrial flutter, ventricular rate 


ifficult to control, and, as with an atrial 

fibrillation, propranolol hydrochloride 
should be added when the flutter 
is not controlled by digitalis, 
especially inthe presence of mitral 
valve disease. 6 


“One salutary effect of propranolol is slowing of 
the ventricular rate in atrial flutter and fibrilla- 


tion. 4In a review of the literature, it 
was noted that most patients with 
fibrillation not controlled by digi- 
talis alone experienced slowing 
of the ventricular rate after admin- 
istration of propranolol and a few 
reverted to sinus rhythm. ? 


References 1. Gianelly, R.E., 
and Harrison, D.C.: Geriatrics 
25:120 (Apr.) 1970. 2. Chung, 
E.K.: Postgrad. Med. 53:10 
(Apr.) 1973. 3. Harrison, D.C.: 

Clinical Guide to the Use of 
Beta-Adrenergic Blockade in 
Arrhythmias, Ayerst 
Laboratories, 1971, p. 10. 
4. Reynolds, E.W.: Geriatrics 
26:150 (Feb.) 1971. 5. Helfant, 
R.H.: Med. Times 98:118 (Jan.) 
1970. 6. Sonnenblick, E.H.: 
Arrhythmias and Beta- 
Adrenergic Blockade, Ayerst 
Laboratories, 1971, p. 7. 
7. Gibson, D., and Sowton, 
E.: Prog. Cardiovasc. Dis. 
12:16 (July) 1969. 
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Tablets 10mg, 40mg., 80mg. 





AYERST LABORATORIES 
New York. N.Y. 10017 


BETA-BLOCKADE/INDERAL’ 


(propranolol hydrochloride) 


(See last page of advertisement for prescribing information.) , 


. BRIEF SUMMARY ie dw 
<- (For full prescribing information, see package circular.) 


A ing see p 

Inderal — 

|». propranolol hydrochloride 
E A beta-adrenergic blocking agent 
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| BEFORE mer eee e dome JROCHLORIDE), 
B THE BASIC CONCEPT OF ADRENERGIC RECPPTO ALPHA 
D , AND THE PHARMACOLOGY OF THIS DRUG. 
ic 
. ACTIONS: INDERAL is a beta-adrenergic receptor blockin 

. drug, PAIS no other autonomic nervous system activ- 
-. ity. It specifically competes with beta-adrenergic receptor 
" os imulating agents for available beta receptor sites. When 
.. accessto beta receptor sites is blocked by INDERAL, the - 

. chronotropic, inotropic, and vasodilator responses to beta- 
; drenergic stimulation are decreased proportionately. 
. . Propranolol is almost completely absorbed from the gas- 
(t 2 nal MO uta portion is immediately bound by 
. hours. | iol 

o 




















ect occurs in one to one and one-half 
ogic half-life is approximately two to three 
hours. Propranolol is not significantly dialyzable. There is 
| ga imple correlation between dose or plasma level and 
. ther iolales and the dose-sensitivity range as ob- 
served in piped practice is wide. The principal reason for 
. thisis that 2 mpathetic tone varies widely between individ- 
. uals. Sinc e is no reliable test to estimate sympathetic 
Oo determine whether al beta blockade has been 
nieved, pr dosage requires titration. 
Bet a récept or blockade is useful in conditions in which, 
because of pathologic or functional changes, sympathetic 











.. patient. But there are also situations in which yoptbene 

_ Stimulation is vital. For example, in patients with severely 

. damaged hearts, uate ventricular function is main- 
tained by virtue of sympathetic drive which should be pre- 

d. [n the presence of AV block, beta blockade may 

ent the necessary facilitating effect of sympathetic ac- 

y on conduction. Beta blockade results in bronchial 

nstriction by interfering with adrenergic bronchodilator 

tivity which should be preserved in patients subject to 

nchospasm. 

“A The proper objective of beta blockade therapy is to de- 

- Crease adverse sympathetic stimulation but not to the 

. degree that may repel necessary sympathetic support. 

-Propranolol exerts its antiarrhythmic effects in concen- 

trations associated with beta-adrenergic blockade and this 

a arstobe its principal antiarrhythmic mechanism of 

lays a role, particularly, 


on. The membrane effect also p 
- Some authorities believe, in digitalis-induced arrhythmias. 

— Beta-adrenergic blockade is of unique importance in the 

— management of arrhythmias due to increased leve!s of cir- 

. culating catecholamines or enhanced sensitivity of the 
: Rron to catecholamines (arrhythmias associated with pheo- 


romocytoma, thyrotoxicosis, exercise). 
- __ |n dosages greater than required for beta blockade, 
-. INDERAL also exerts a quinidine-like or anesthetic-like 
zm embrane action which affects the cardiac action potential 
_and depresses cardiac function. 
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ac Arrhythmias 


Y Paroxysmal atrial tachycardias, particularly those ar- 
~ rhythmias induced by catecholamines or digitalis or 
a iated with the Wolff-Parkinson-White syndrome. 
- .. (See W-P-W under WARNINGS.) 
- b) Persistent sinus tachycardia which is noncompensa- 
. ... tory and impairs the well-being of the patient. 
En of rdias and arrhythmias due to thyrotoxicosis 

= when causing distress or increased hazard and when 

E ~ immediate effect is necessary as adjunctive, short term 
iow es a therapy (ay y Uses with, but Na in place 
C E ic therapy. | [hyrotoxicosis under 
WARNINGS.) 
. . d)Persistent atrial extrasystoles which impair the well- 
— — being of the patient and do not respond to conven- 


aT. Ja measures. | 

= @) Atrial flutter and fibrillation when ventricular rate can- 
... Rot be controlled by digitalis alone, or when digitalis is 
contraindicated. 


PA : tricular arrhythmias do not respond to propranolol 

^ aS predictably as do the supraventricular arrhythmias. 

= a) Ventricular tachycardias . 

. .. With the exception of those induced Htitechotemines 
— er digitalis, INDERAL is not the drug of first choice. In 

= Critical situations when cardioversion technics or other 

- — drugs are not indicated or are not effective, INDERAL 

<4 proe De considered, If, after consideration of the risks 

~  -. involved, INDERAL is used, it should be given intrave- 

DS Rously in low dosage and very slowly. (See DOSAGE 

__ AND ADMINISTRATION.) Care in thé administration of 

— |NDERAL with constant electrocardiographic moni- 

- .. toring is essential as the failing heart requires some 

-sympathetic drive for maintenance of myocardial tone. 

—. b)Persistent premature ventricular extrasystoles which 

= do not respond to conventional measures and impair 

J j; the er naing of the patient. 

= 3.) Tachy mia 
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. usual measures fail in such arrhythmias, INDERAL may 
. be given intravenously to abolish them. All general inhal- 

. ation anesthetics produce some degree of myocardial 

- depression. Therefore, when INDERAL is used to treat 
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vity is excessive or inappropriate and detrimental to the | 


arrhythmias during anesthesia, it should be used with 


extreme caution and constant ECG ard central venous 
pressure monitoring. (See WARNINGS.) 


ie rus Subaortic Stenosis 

INDERAL is useful in the management ofthypertrophic sub- 
aortic stenosis, especially for treatment of exertional or 
other stress-induced angina, palpitations, and syncope. 
INDERAL also improves exercise performance. The effec- 
tiveness of INDE in this disease appears to be due to a 
reduction of the elevated outflow pressure gradient which 
is exacerbated by beta receptor stimulation. Clinical im- 
provement may be temporary. 


Pheochromocytoma 

After primary treatment with an alpha-acrenergic blocking 
agent has been instituted, INDERAL maybe useful as ad- 
junctive therapy if the control of tachycardia becomes nec- 
essary before or during ey. 

It is hazardous to use INDERAL unlesemio ee cnetgc 
blocking drugs are already in use, since this would predis- 
pose to serious blood pressure elevation. Blocking only the 
peripheral dilator (beta) action of epinepnrine leaves its 
constrictor (alpha) action unop : 

In the event of hemorrhage or shock, there is a disadvan- 
tage in having both beta and alpha blockade since the com- 
bination prevents the increase in heart rate and peripheral 
vasoconstriction needed to maintain bloed pressure. 

With inoperable or metastatic pheochromocytoma, 
INDERAL may be useful as an adjunct to *he management of 
symptoms due to excessive beta receptor stimulation. 


CONTRAINDICATIONS: INDERAL is contraindicated in: 

1) bronchial asthma; 2) allergic rhinitis during the pollen 
season; 3) sinus bradycardia and cepe than first degree 
block; 4) cardiogenic shock; 5) right ventuicular failure sec- 
ondary to pulmonary hypertension; 6) congestive heart 
failure (see WARNINGS) unless the failure is secondary to a 
tachyarrhythmia treatable with INDERAL. 7) in patients on 
ende bo d ates pret a n A ad P. aie pend MAO 
ei and during the two week withdrawal period from 
such drugs. 


WARNINGS: CARDIAC FAILURE: bled et ab stimulation is 
a vital component supporting circulatoryfunction in con- 
gestive heart failure, and inhibition with beta-blockade 
always Carries the potential hazard of further depressing 
myocardial contractility and precipitating cardiac failure. 
INDERAL acts selectively without abolishing the inotropic 
action of digitalis on the heart muscle (/.e that of support- 
ing the strength of myocardial contractions). In patients al- 
ready receiving digitalis, the positive inotropic action of 
digitalis may be reduced A DERAL's negative inotropic 
effect. The effect of INDERAL and digitalis are additive in 
cops AV conduction. 

N PATIENTS WITHOUT A HISTORY OF CARDIAC FAIL- 
URE, continued depression of the myocardium over a pe- 
riod of time can, in some cases, lead to cardiac failure. In 
rare instances, this has been observed during INDERAL 
therapy. Therefore, at the first sign or symetom of impending 
cardiac failure, patients should be fully digitalized and/or 
anon a diuretic, and the ese! ee observed closely: a) if car- 

iac failure continues, despite adequate cigitalizafion and 
diuretic therapy, INDERAL therapy shoulc be immediately 
withdrawn; b)if tachyarrhythmia is being controlled, patients 
should be maintained on combined therapy and the patient 
closely followed until threat of cardiac faiiure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been 
reports of exacerbation of angina and, i» some cases, 
myocard al infarction, following abrupfdiscontinuation 
o 






NDERAL therapy. Therefore, when discontinuance of 
INDERAL is planned the dosage should be gradually re- 
duced and the patient carefully monitored. In addition, 
when INDERAL is prescribed for angina pectoris, the pa- 
tient should be cautioned against interruption or cessa- 
tion of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of 
angina occurs, it usually is advisable to seinstitute 
INDERAL therapy and take other measures appropriate 
for the management of unstable angina »ectoris. Since 
coronary artery disease may be unrecognized, it may be 
prudent to follow the above advice in petients consid- 
ered at risk of having occult atherosclerotic heart dis- 
ease, who are given propranolol for other indications. 


IN PATIENTS WITH THYROTOXICOSIS, possible deleterious 
effects from long term use have not been adequately ap- 
praised. Special consideration should be given to pro- | 
Mano 's potential for aggravating congestive heart failure. 
ropranolol may mask the clinical signs of-developing or 
continuing hyperthyroidism or complicatiens and give a 
false impression of improvement. Therefore, abrupt with- 
drawal of propranolol may be followed by sn exacerbation 
of symptoms of hyperthyroidism, including thyroid storm. 
This is another reason for withdrawing propranolol slowly. 
Propranolo s not distort thyroid function tests. 
IN PATIENTS WITH WOLFF-PARKINSONMWHITE SYN- 
DROME, several cases have been reported in which, after 
ropranolol, the tachycardia was replaced-by a severe 
radycardia requiring a demand pacemaker. In one case this 
resulted after an initial dose of 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that re- 
quire catecholamine release for maintenance of adequate 
cardiac function, beta blockade will impairthe desired ino- 
Hope effect. Therefore, INDERAL should Be titrated care- 
fully à iai administered for arrhythmias oecurring during 
anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta 
blockade impairs the ability of the heart tarespond to reflex 
stimuli. For this reason, with the exception of pheochro- 
mocytoma, INDERAL should be withdrawr-48 hours prior to 
surgery, at which time all chemical and physiologic effects 
are gone according to available evidence. However, in case 
of emergency surgery, since INDERAL is a competitive in- 
hibitor of beta receptor agonists, its effects can be reversed 
by administration of such agents, e.g. isopeoterenol or 
levarterenol. However, such patients may be subject to pro- 
tracted severe lona c d ifficulty in restarting and 
maintaining the heart beat has also been rted. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHO- 
SPASM (e.g., CHRONIC BRONCHITIS, EMPHYSEMA), 
INDERAL should be administered with caution since it may 
block bronchodilation produced by endogenous and exog- 
enous Catecholamine stimulation of beta receptors. 
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_ DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: 
Because of its beta-adrenergic blocking activity, INDERAL 
may prevent the appearance of EE pn 

S) of acute 


mptoms in beng rate and pressure chan J 
glycem ia. This is especially important to keep in mind in pa- 
i lycemic attacks may be 


ents with labile diabetes. Hypog ! 
accompanied by a precinitouse evation of blood pressure. 
USE IN PRE CY: The safe use of INDERAL in human 

pregnancy has not been established. Use of any drug in 
pregna or women of childbearing potential requires that 

he possible risk to mother and/or fetus be weighed against 
the expected therapeutic benefit. Embryotoxic effects have 
been seen in animal studies at doses about 10 times the 
maximum recommended human dose. 


PRECAUTIONS: Patients receiving catecholamine ^r gni ng 
drugs such as reserpine sould be closely observed i 
INDERAL is administered. The added catecholamine block- 
ing action of this drug may then produce an excessive re- 
duction of the resting sympathetic nervous activity. Occa- 
sionally, the panema activity of INDERAL may produce 
hypotension and/or marked bradycardia resulting in ver- 
tigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, 
laboratory parameters should be observed at regular inter- 
vals. The drug should be used with caution in patients with 
impaired renal or hepatic function. 


ADVERSE REACTIONS: Cardiovascular: bradycardia; con- 
gestive heart failure; intensification of AV block; hypoten- 
Sion; paresthesia of hands; arterial insufficiency, usually of 
the Raynaud type; thromboc nic purpura. 

Central Nervous System: lightheadedness; mental depres- 
sion manifested by insomnia, lassitude, weakness, fatigue; 
reversible mental depression progressing to catatonia; vis- 
ual disturbances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and place, 
short term memory loss, emotional lability, slightly clouded 
sensorium, and decreased performance on neuropsy- 
chometrics. um , 

Gastrointestinal: nausea, vomiting, epigastric distress, 
abdominal cramping, diarrhea, stipation. 

Allergic: pharyngitis and agranulocytosis, erythematous 
rash, fever combined with aching and sore throat, laryngo- 
spasm and respiratory distress. 

Respiratory: bronchospasm. ; 

Hematologic: agranulocytosis, nonthrombocytopenic 
purpura, thrombocytopenic purpura. 

Miscellaneous: reversible alopecia. Oculomucocutaneous 
reactions involving the skin, serous membranes and con- 
junctivae reported for a beta blocker (practolol) have not 
been conclusively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea 
levels in patients with severe heart disease, elevated serum 
transaminase, alkaline phosphatase, lactate dehydrogenase. 


DOSAGE AND ADMINISTRATION: 
The dosage range for INDERAL is different for each 
v ogame i 


ARRHYTHMIAS —10-30 mg three or four times daily, 
before meals and at bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS — 20-40 mg three 
or four times daily, before meals and at bedtime. 

PHEOCHROMOCYTOMA — Preoperatively—60 mg daily 
in divided doses for three days prior to surgery, concomi- 
tantly with an alpha-adrenergic blocking agent. — Manage- 
ment of inoperable tumor— 30 mg daily in divided doses. 
PEDIATRIC DOSAGE 

At this que i ies on the ji of m dug i desi. age 

oup are too limi o permit adequate directions for use. 
INTRAVENOUS 


Intravenous administration is reserved for life-threaten- 
ing arrhythmias or those occurring under anesthesia. The 
usual dose is from 1 to 3 mg administered under careful 
monitoring, e.g. reana Ls 7 central venous pres- 
sure. The rate of administration should not exceed 1 mg 
(1 ml) per minute to diminish the possibility of Vid As 
blood pressure and causing cardiac standstill. Sufficient 
time should be allowed for the drugto reach the site of action 
even when a slow circulation is present. If necessary, a sec- 
ond dose T be n after two minutes. Thereafter, addi- 
tional erug ould not be ths in less than four hours. 
Additional INDERAL should not be given when the desired 
alteration in rate and/or rhythm is achieved. 

ae to oral therapy should be made as soon as 
possible. 

The intravenous administration of INDERAL has not been 
evaluated adequately in the management of hypertensive 
emergencies. 


OVERDOSAGE OR EXAGGERATED RESPONSE 


IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RE- 
eyes ae FOLLOWING MEASURES SHOULD BE 


BRADYCARDIA—ADMINISTER ATROPINE (0.25 to 
1.0 mg): IF THERE IS NO RESPONSE TO VAGAL BLOCKADE, 
ADMINISTER ISOPROTERENOL CAUTIOUSLY, 

CARDIAC FAILURE —DIGITALIZATION AND DIURETICS. 

HYPOTENSION —VASOPRESSORS eR, LEVARTERENOL 
OR EPINEPHRINE (THERE IS EVIDENCE THAT EPINEPH- 
RINE IS THE DRUG OF CHOICE.) - 

BRONCHOSPASM —ADMINISTER ISOPROTERENOL AND 


AMINOPHYLLINE. 
HOW SUPPLIED 
INDERAL 
(propranolol hydrochloride) 


E 


>- 


TABLETS 
No. 461 —Each scored tablet contains 10 mg of propranolol 
hydrochloride, in bottles of 100 and 1,000. Also in unit dose 
packa e of 100. . 
o. 464 —Each scored tablet contains 40 m 
hydrochloride, in bottles of 100 and 1,000. 
ackage of 100. "x 
o. 468 —Each scored tablet contains 80 me of proprfinolol 
hydrochloride, in bottles of 100 and 1,000. Also in unit dose 
prm of 100. 
No. 3265. Each ml contains 1 mg of lol hyd 
o. —Each ml contains of propranolo ro- 
chloride in Water for Injection. The pH is adjusted with 
citric acid. Supplied as: 1 ml ampuls in boxes of 10. 


AYERST LABORATORIES — 
New York, N.Y. 10017 


Iso in unit dose 


7705 


Lr r ` 3 ^ Ji. " 


Bo v. 
f r 
y 














of propranolol @ 


$ 





um 


A Kendall Research Report | 





Clinical Studies prove 
T.E.D: AntiEmbolism Stockings reduce 
the incidence of Deep Vein Thrombosis. 





Non-Stocking Stocking" 


' Incidence of DVT 21 


*T.E.D.^ Anti-Embolism Stockings 


ControlGroup Test Group 
Non-Stocking Stockings* 


Incidence of DVT 50% 23.5% 


*"T.E.D.^ Anti-Embolism Stockings 


1. Ibrahim, 8. Z., Scurr, J. H., and LeQuesne, L. P. "The Effect of Graded 
Compression (TED) Stockings on the Incidence of Post-Operative 
Deep Vein Thrombosis." Eleventh Congress of the European Society 
for Surgical Research, Dublin 1976. 

2. Holford, C. P., and Bliss P. M., "The Effect of Graduated Static Com- 
pression on Isotopically Diagnosed Deep Vein Thrombosis of the 
Leg." Surgical Research Society, Winter Meeting, Royal College of 
Surgeons, January 1976. 








Two recently completed studies provide 
clinical evidence that T.E.D. Anti-Embolism 
Stockings effectively reduce the incidence of 
deep vein thrombosis (DVT). 

In one study, I145 fibrinogen was used to 
measure the incidence of DVT in 63 patients 
undergoing major abdominal surgery. One 
leg of each of the patients was fitted with a 
T.E.D. Anti-Embolism Stocking. The other 
was left non-compressed. 

Scanning of the patients revealed over 
four times as many cases of deep vein 
thrombosis in the non-stocking group 
as inthe stocking group. 

In the other study, radioactive I!** fibrino- 
gen was also used. Seventy major surgical 
patients were divided into two groups 
matched for age, type of operation, duration 
of operation, and incidence of malignancy. 
One group was fitted with T.E.D. Anti- 
Embolism Stockings pre-operatively. The 
control group was non-compressed. 

The results showed that T.E.D. Anti- 
Embolism Stockings reduced the incidence 
of DVT by half.* 

For a more detailed account of the two 
studies and reports on other recent research, 
write The Kendall Company, One Federal 
Street, Boston, Mass. 08101. 

Attention: T.E.D. Product Center. 


KENDALL 


INNOVATORS IN PATIENT CARE 





CONTRAINDICATIONS Stockings may not be recommended for 
e patients with the following: 
1. Any local leg condition in which stockings would interfere, such as: 
a. dermatitis, b. vein ligation (immediate post-operative), 
c. gangrene, d. recent skin graft. 
2. Severe arteriosclerosis or other ischemic vascular disease. 


3. Massive edema of legs or pulmonary edema from congestive heart 


2 failure. 


4. Extreme deformity of leg. 


PRECAUTIONS: 

1. Proper sizing and application must be assured. 

2. For full-leg style T.E.D.'s, avoid interference of side panels or 
waistband with incisions, drainage tubes, catheters, or other 
exterior devices. 

CAUTION: Federal law restricts this device to sale by or use on the 

order of a physician. 


* 1976 the Kendall Company . | 
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Rheumatic fever prevention and the 
noncompliant patient. 
Patients on oral penicillin for prevention of recurrent 
rheumatic fever usually don't ignore their daily dosage 
regimen deliberately. But since patients are only human, 
doses are missed occasionally—through simple lapse of 
memory, lack of time or insufficient drug on hand. 


Prolonged penicillin blood levels to obviate 
need for daily dosage. 

Asingle injection of benzathine penicillin G (1.2 million 
units) once a month provides continuous prophylaxis in 
most patients. Which is why it’s recommended as the 
method of choice* to prevent streptococcal infection and 
possible recurrence of rheumatic fever. 


A method of choice in treatment of strep 
pharyngitis, too* 

In therapy of mild to moderate Group A streptococcal 
pharyngitis without bacteremia, just one injection of 
600,000 to 900,000 units usually maintains penicillin serum 
concentrations in children for the 10 days necessary to 
eradicate the infecting organisms.* In adults, 1.2 million 


units are required. 


*Rheumatic Fever Committee of the Council on Rheumatic Fever and 
Congenital Heart Disease of the American Heart Association. 


- have taken 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. 

Indications: In treatment of infections due to penicillin G-sensitive microorganisms susceptible 
to the low and very prolonged serum levels common to this dosage form. Therapy should be 
guided by bacteriological studies (including sensitivity tests) and clinical response. 

The following infections usually respond to adequate dosage of IM benzathine penicillin G. 
Streptococcal infections (Group A — without bacteremia). Mild to moderate upper respiratory 
infections (e.g., pharyngitis). ; 

Venereal infections — Syphilis, yaws, bejel, and pinta. DLE 

Medical Conditions in which Benzathine Penicillin G Therapy is indicated as Prophylaxis: 
Rheumatic fever and/or chorea — Prophylaxis with benzathine penicillin G has proven effective 
in preventing recurrence of these conditions. It has also been used as followup prophylactic 
therapy for rheumatic heart disease and acute glomerulonephritis. 

Contraindications: Previous hypersensitivity reaction to any penicillin. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphylactoid) reactions have been 
reported. Anaphylaxis is more frequent following parenteral therapy but has occurred with oral 
penicillins. These reactions are more apt to occur in individuals with history of sensitivity to 
multiple allergens. Severe hypersensitivity reactions with cephalosporins have been well 
documented in patients with history of penicillin hypersensitivity. Before penicillin therapy, 
carefully inquire into previous hypersensitivity to penicillins, cephalosporins and other allergens. 
If allergic reaction occurs, discontinue drug and treat with usual agents, e.g., pressor amines, 
antihistamines and corticosteroids. 

Precautions: Use cautiously in individuals with histories of significant allergies and/or asthma. 

Carefully avoid intravenous or intraarterial use or injection into or near major peripheral nerves 
or blood vessels, since such injection may produce neurovascular damage. 

TIn streptococcal infections, therapy must be sufficient to eliminate the organism, otherwise the 
sequelae of streptococcal disease may occur. Take cultures following completion of treatment to 
N: determine whether streptococci have been eradicated. 

Ba Prolonged use of antibiotics may promote overgrowth of non-susceptible organisms including 
fungi. Take appropriate measures if superinfection occurs. 
Adverse Reactions: casa el reactions reported are skin eruptions (maculopapular to 
exfoliative dermatitis), urticaria and other serum sickness-like reactions, laryngeal edema and 
anaphylaxis. Fever and eosinophilia may frequently be only reaction observed. Hemolytic anemia, 
leucopenia, thrombocytopenia, neuropathy and nephropathy are infrequent and usually associated 
with high parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has been reported. 

Composition: (units benzathine penicillin G as active ingredient in aqueous suspension): 
300,000 units per cc. — 10-cc. multi-dose vial. Each cc. also contains sodium citrate buffer, 
approximately 6 44 lecithin, 3 mg. povidone, 1 mg. carboxymethylcellulose, 0.5 mg. sorbitan 
monopalmitate, 0.5 mg. polyoxyethylene sorbitan monopalmitate, 1.2 mg. methylparaben and 
0.14 mg. propylparaben. 

600,000 units in 1-cc. TUBEX® (sterile cartridge-needle unit) Wyeth, packages of 10. 

900,000 units, 1.5-cc. fill in 2-cc. TUBEX, packages of 10. 

1,200,000 units in 2-cc. TUBEX, packages of 10, and in 2-cc. single-dose disposable syringe, 
packages of 10. 

2,400,000 units in 4-cc. single-dose disposable syringe, packages of 10. 

Each TUBEX or disposable syringe also contains sodium citrate buffer and, as w/v, 
approximately 0.5% lecithin, 0.6% carboxymethylcellulose, 0.6% povidone, 0.1% methylparaben 
and 0.01% propylparaben. 


. Bicillin L-A 
^ \genlebenzathine - 
- "penicillin C suspension 
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Once-a-month 
rheumatic fever 
prophylaxis. 


Wyeth Laboratories 


Philadelphia, Pa. 19101 





A reminder 


LANOXIN 
À digoxin) 







LLCO 
FA EA EA 


0.125 mg 0.25 mg 0.5 mg 

yellow white green 

imprinted imprinted & scored imprinted & scored 
Complete literature available on request from Professional Services Dept. PML 


Burroughs Welicome Co. 
Research Triangle Park 
Wellcome North Carolina 27709 
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To characterize the relation between clinical and hemodynamic state in 
acute myocardial infarction, 200 patients with acute infarction were 
evaluated with clinical and hemodynamic criteria. Patients were classified 
clinically on the basis of peripheral hypoperfusion (hypotension, tachy- 
cardia, confusion, cyanosis, oliguria) and pulmonary congestion (rales, 
abnormal chest roentgenogram). Four clinical subsets were defined that 
correlated with cardiac index (Cl, liters/min per m?) and pulmonary 
capillary pressure (PCP, mm Hg): 








Subset CI PCP 
|, no pulmonary congestion or 2.7 + 0.5 12:7 
peripheral hypoperfusion 
II, isolated pulmonary congestion 2.3 + 0.4 23+5 
ill, isolated peripheral hypoperfusion 1.9+ 0.4 12+5 
IV, both pulmonary congestion and 1.6 + 0.6 27+8 


hypoperfusion 





Parallel hemodynamic subsets were developed independently on the basis 
of depressed cardiac index (2.2 liters/min per m? or less) and elevated 
pulmonary capillary pressure (greater than 18 mm Hg). The rate of ac- 
curacy of clinical examination in predicting hemodynamic abnormalities 
was 83 percent. Mortality rates were similar in the clinical and hemody- 
namic subset classifications, averaging 2.2 percent in subset |, 10.1 
percent in subset Il, 22.4 percent in subset Ill and 55.5 percent in subset 
IV. Drug interventions in the course of hospitalization resulted in a 38 
percent increase in depressed cardiac index and 34 percent decrease 
in elevated pulmonary capillary pressure. Resolution of clinical abnor- 
malities paralleled this hemodynamic improvement in 70 percent of pa- 
tients. These data suggest that clinical performance and both clinical and 
hemodynamic subsets are directly relevant to establishing prognosis and 
the selection of therapy in patients with acute myocardial infarction. 
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Classification of patients with a given disease into 
readily recognizable subsets is of major clinical useful- 
ness. Accordingly, methods for classifying patients with 
acute myocardial infarction, such as that proposed by 
Killip and Kimball! and hemodynamically corroborated 
by Scheidt et al.,?? have been developed in an effort to 
define clinically relevant syndromes such as pulmonary 
‚edema and cardiogenic shock or to estimate probability 
of survival on the basis of hemodynamic or other ob- 
jective criteria.*-? However, such clinical subset systems 


are only remotely related to the level of hemodynamic 


cardiac performance and have not been widely used in 
clinical care. 

Pulmonary arterial balloon catheter systems!!! have 
made possible objective assessment of the level of car- 


. diac performance,!?-4 but such assessment has not been 
. fully correlated with the more subjective bedside eval- 


uation that remains the cornerstone of clinical care. Our 
primary purposes in this study were to develop a clinical 


. profile that would correlate physiologically with he- 
 modynamic performance in patients with acute myo- 
. cardial infarction to determine the relation between 
- clinical and hemodynamic state and to define relevant 


patient subsets based upon interrelated clinical and 


hemodynamic criteria. 


Methods 


b - Data Collection 


. Patients: Two hundred patients were studied between 


March 1970 and January 1975 in the Cedars-Sinai Medical 


. Center Myocardial Infarction Résearch Unit (MIRU) 1 to 72 
hours after the onset of acute symptoms that led to the sub- 
sequent diagnosis of acute myocardial infarction. Patients 
_ were included in the study on a consecutive basis upon satis- 
. fying diagnostic criteria for acute myocardial infarction and 


undergoing the clinical and hemodynamic characterization 
to be described. 

The diagnosis of acute myocardial infarction was based 
on the established MIRU definition, requiring the presence 


of two of the following three criteria!^: (1) typical angina-like 
_ pain lasting more than 15 minutes and unrelieved by nitrates; 
= (2) development of new electrocardiographic Q waves in 


conjunction with evolutionary ST-T wave changes; and (3) 


TABLE I - 











Characterization of 200 Patients With Acute 
JA Myocardial Infarction 
Clinical Subset 
| H HH IV Total 
Patients (no.) 75 36 22 67 200 
Age (yr) 
Range 33—76  35—83 39—78 37—80 33—83 
Mean 57 62 61 65 61 
Sex 
Female 11 11 3 18 43 
Male 64 25 19 49 157 
History 
Previous MI 23 16 8 35 82 
Previous CHF 8 20 5 41 74 
CHF = congestive heart failure; MI = myocardial infarction. 
LIS . 
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| + CLASSIFICATION OF ACUTE MYOCARDIAL INFARCTION—FORRESTER ET AL. 


elevation of both serum creatine kinase (CK) and glutamic 
oxaloacetic transaminase (SGOT) above the upper limits of 
normal. The patient population is described in Table I. 

At the time of admission, a complete history was obtained 
and a physical examination was performed by a staff cardi- 
ologist according to a standard protocol, with the data com- 
puterized to facilitate information storage and retrieval. A 6 
foot (180 cm) upright portable chest roentgenogram was ob- 
tained immediately before or after subsequent hemodynamic 
evaluation. 

Hemodynamic measurements: In each patient, upon 
admission for suspected or proved acute myocardial infarc- 
tion, a Longdwell® catheter was placed in the radial or brachial 
artery, and a triple lumen Swan-Ganz catheter? was passed 
into the pulmonary artery. Pressure in the balloon-occluded 
pulmonary artery was measured with the patient supine and 
was referenced to the mid-axillary line. This pressure was 
considered pulmonary capillary pressure: if (1) the diastolic 
level of the phasic wave form was less than or equal to the 
phasic pulmonary arterial diastolic pressure; and (2) the re- 
corded a and v waves corresponded in timing to those re- 
corded from the right atrium with the proximal lumen of the 
catheter. Mean pressures were obtained by electronic inte- 
gration of the phasic wave forms over a period of at least 10 
seconds, Cardiac output was measured in triplicate with the 
thermodilution technique!® using 10 cc of iced (0 to 5°C) 5 
percent dextrose as indicator. Output was calculated on-line 
from the indicator-dilution curve with computer assistance 
and was normalized for body surface area to produce cardiac 
index. The variability of triplicate cardiac output determi- 
nation with this technique has previously been reported by 
this laboratory to be «4.8 percent.!! ' 


Subset Classification 


The patient population was classified into rigorously de- 
fined clinical subsets. 'The fundamental assumption of this 
classification is that depression of Starling function is the 
direct cause of the clinical manifestations of heart failure in 
acute myocardial infarction! ^-?!; that is, increased left ven- 
tricular diastolic pressure results in pulmonary congestion 
and depressed cardiac output causes the clinical signs of pe- 
ripheral hypoperfusion. 

Rigorous definition of a clinical state requires that the cri- 
teria employed be somewhat arbitrary and that exceptions to 
any chosen criteria be readily apparent. Nevertheless, for 
purposes of analysis, the following clinical criteria were se- 
lected: 

Pulmonary congestion: Patients were considered to have 
clinical pulmonary congestion only if they demonstrated both 
radiographic and auscultatory pulmonary congestion. Aus- 
cultatory pulmonary congestion was defined as the presence 
of bilateral post-tussive rales over the posterobasal chest. 
Radiographic pulmonary congestion was determined by a staff 
radiologist who had no knowledge of the clinical status of the 
patient or of subsequent hemodynamic data. Any of the fol- 
lowing findings were considered evidence of radiographic 
pulmonary congestion: (1) differential flow to the upper pul- 
monary lobes, (2) blurring of the pulmonary vascular margins, 
and (3) perihilar haziness. Previous studies at this institution?? 





* The normal range for the method was obtained in 50 patients 
undergoing diagnostic cardiac catheterization. Each patient in this group, 
was characterized by normal right and left heart hemodynamics, left 
ventricular diastolic volume, ejection fraction and segmental left ven- 
tricular contraction. The age range was 21 to 64 years. The mean 
cardiac index in this group was 3.5 + 0.4 (1 standard deviation) liters/ 
min per m? (2 standard deviation range = 2.7 to 4.3). 
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FIGURE 1. Relation between cardiac 

index (liters/min per m?) and pulmonary O 
capillary pressure (mm Hg) in 200 pa- 

tients with acute myocardial infarc- 

tion. 


revealed an overall false positive rate of 5 percent and a false 
negative rate of 6 percent for these criteria compared with 
independent hemodynamic evaluation. 

Peripheral hypoperfusion: Clinical peripheral hypo- 
perfusion was defined as the presence of decreased skin 
temperature, confusion or oliguria in conjunction with either 
arterial hypotension or sinus tachycardia, with the patient 
breathing room air before sedation. Mental state, skin tem- 
perature and color were determined subjectively. Oliguria was 
defined as a urinary output of less than 40 ml/hour based on 
a minimally required 24 hour urinary output level of 1,000 ml 
for excretion of a normal 1,200 milliosmol solute load.???* 
Arterial hypotension was defined as a systolic arterial pressure 
of less than 100 mm Hg” and sinus tachycardia as a heart rate 
greater than 125/min,?6 these values reflecting the lower and 
upper limits, respectively, in a population of more than 67,000 
normal subjects. 

Clinical and hemodynamic subsets: Four clinical subsets 
(designated C) were therefore defined: 

C-I, no evidence of pulmonary congestion or peripheral 
hypoperfusion. 

C-II, pulmonary congestion only. 

C-III, hypoperfusion only. 

C-IV, both pulmonary congestion and hypoperfusion. 


To compare these clinical abnormalities with specific he- 
modynamic derangements, the single value for both cardiac 
index and pulmonary capillary pressure that correlated most 
precisely with the presence or absence of hypoperfusion and 
pulmonary congestion, respectively, was determined with chi 
square least error analysis (see Results). These derived levels 
independently defined four parallel hemodynamic subsets 


(designated H): ap! | XS witn. 
H-I, *normal" cardiac index and pulmonary capillary myocardial infarction. There was wide variability in the 
pressure. relation between these measures of cardiac perfor- 
H-II, elevated pulmonary capillary pressure only. mance. Cardiac index ranged from 0.7 to 4.1 (mean 2.3 
* H-II, depressed cardiac index only. + 0.7*) liters/min per m? and pulmonary capillary 
H-IV, both depressed cardiac index and elevated pulmo- 
nary pressure. us t The standard deviation of the mean, when reported, is designated 
'The natural course of these hemodynamic and clinical ab- by the symbol (*). The absence of this symbol indicates the use of 
normalities could not be determined because all patients standard error of the estimate. 
E e* | 
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underwent numerous interventions during their hospitaliza- 
tion. | 

To evaluate the dynamic correlation of these clinical and 
hemodynamic subsets, alteration in the abnormal classifi- 
cation states (subsets II, III and IV) was analyzed after the 
administration of certain agents during the course of clinical 
care. Patients were included in this study group only if (1) 
their initial clinical and hemodynamic subsets were identical 
(for example, C-II and H-II); (2) complete hemodynamic and 
clinical data were collected before and during drug adminis- 
tration; (3) no additional agent was given during the period 
of data collection; and (4) the resulting subgroups were large 
enough for statistical analysis (eight or more patients). Three 
groups containing 65 of the 200 patients met these criteria (12 
in subset II, 12 in subset III and 41 in subset IV). Hemody- 
namic response was assessed 1 hour after drug administration. 
Clinical response was determined within 24 hours after drug 
administration by reevaluating the patient for the clinical 
criteria for pulmonary congestion and hypoperfusion. If the 
criteria for either diagnosis were no longer present, the clinical 
abnormality was termed “resolved.” Reduction in morbidity 
was defined as resolution of clinical or hemodynamic abnor- 
malities. Reduction in mortality was not analyzed because the 
many interventions used in all patients made it impossible to 
assume a specific causal relation between therapy and mor- 
tality rate. All hemodynamic data were compared for statis- 
tical significance with the paired or unpaired Student's ¢ test. 
Nonparametric data were analyzed with the chi square test. 


Results 


Figure 1 shows the values for cardiac index and pul- 
monary capillary pressure in the 200 patients with acute 
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FIGURE 2. Distribution of cardiac index (CI, liters/min per 
m?) and pulmonary capillary pressure (PCP, mm Hg) in 
the 200 patients with acute myocardial infarction. In the 
left panel, closed circles represent patients with pe- 
ripheral hypoperfusion; in the right panel, they represent 
patients with clinical pulmonary congestion. Mean values 
+ 1 standard deviation are shown to the right of the 
data. 
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FIGURE 3. Hemodynamic characterization of 
the clinical subsets in 200 patients with acute 
myocardial infarction. Symbols represent the 
mean +1 standard deviation for each num- 
bered subset (see text). The dotted lines rep- 
resent the least error levels for cardiac index 
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TABLE II 
Clinical Subsets of Acute Myocardial Infarction 
Pul- Periph- 
monary eral Hy- Mortality 
Sub- Con- poper- 
set gestion fusion % no. CI PCP 
| No No 1 (1 of 75) 2.7+0.5 12* 7 
I Yes No 11 (4 of 36) 2.3+0.4 23+5 
I No Yes 18 (4 of 22) 1.9 + 0.4 12*5 
IV Yes Yes 60 (40 of 67) 1.6 + 0.6 27+8 





CI = cardiac index (liters/min per m?); PCP = pulmonary capillary 
pressure (mmHg). 


pressure from 4 to 43 (mean 20 + 9t) mm Hg. The 
standard deviations about the means were wide, 
suggesting that each population was composed of at 
least two hemodynamically distinct subsets (Fig. 2). 
Thus, chi square analysis for normality of the pulmo- 
nary capillary pressure data revealed a nonGaussian 
distribution (P <0.01) composed of two distinct normal 
populations, the presence of clinical pulmonary con- 
gestion being associated with a significantly higher 
pulmonary capillary pressure (P <0.001). Although chi 
square analysis did not disprove a normal distribution 
for the cardiac index data (P >0.05), clinical criteria 
again defined two distinct normal populations, the 
presence of peripheral hypoperfusion being associated 
with a significantly lower cardiac index (P <0.001). The 
wide distribution of these variables in the entire study 
population could therefore be explained by the presence 
of four clinical subsets, each with distinctive hemody- 
namic characteristics. 


Hemodynamic Characterization of Clinical Subsets 


Figure 3 illustrates the mean level (+1 standard de- 
viation)* of cardiac index and pulmonary capillary 
pressure in the four clinical subsets. Major hemody- 
namic differences were apparent (Table II). Of the 200 
patients, 103 (52 percent) had clinical pulmonary con- 
gestion associated with a mean pulmonary capillary 
pressure of 26 + 8t mm Hg compared with the mean 
value of 13 + 5* mm Hg (P «0.001) in the patients 
without congestion. Likewise, 89 of 200 patients (45 
percent) had clinical peripheral hypoperfusion, asso- 
ciated with a mean cardiac index of 1.8 + 0.5? liters/min 
per m? compared with the mean of 2.7 + 0.6! liters/min 
per m? (P «0.001) in the patients without hypoperfu- 
sion. 

Survivors versus nonsurvivors: There was a 25 
percent (49 of 200) in-hospital mortality rate in the total 
population. 'This mortality was not evenly distributed 
among the four clinical subsets. The mortality rate in- 
creased from 1 percent in subset C-I to 11 percent in 
C-II, 18 percent in C-III and 60 percent in C-IV. Thus, 
the presence of hypoperfusion was associated with a 
10-fold increase in mortality rate (5 percent in subsets 
C-I and C-II compared with 50 percent in subsets C-III 
and C-IV). In addition, there was a clear hemodynamic 
difference between survivors and nonsurvivors (Fig. 4): 

. The mean pulmonary capillary pressure in survivors was 
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TABLE III 
Hemodynamic Subsets of Acute Myocardial Infarction 
HEU ob ee EA ECC 7o LS RA S IINE i 
CI «2.2 Mortality 
PCP >18 liters/min 
Subset mm Hg per m? % no. 
| No No 3 2 of 62 
I Yes No 9 3 of 33 
HI No Yes 23 8 of 35 
IV Y es Yes 51 36 of 70 





CI = cardiac index; PCP = pulmonary capillary pressure. 


TABLE IV 


Correlation Matrix of the Clinical and Hemodynamic 
Subset Classifications 





Hemodynamic Subsets 


| H Hl IV Total 





Clinical 
subsets 
| 51 13 10 1 75 
H 6 14 1 15 36 
Hl 4 0 17 1 22 
IV 1 6 7 53 67 
Total 62 33 35 70 200 


significantly lower (17 + 8* versus 27 + 8t mm Hg [P 
«0.001]) and the mean cardiac index was greater (2.4 
+ 0.6* versus 1.7 + 0.5! liters/min per m? [P «0.001]) 
than in nonsurvivors. 


Clinical Characterization of Hemodynamic Subsets 


Because clinical subsets represent “fuzzy sets”? of 
the total population with somewhat indistinct (however 
rigorously defined) boundaries, the overlap in hemo- 
dynamic characterization was considerable, as evi- 
denced by the nonGaussian distribution of cardiac 
index and pulmonary capillary pressure in the total 
population. Independent hemodynamic subsets (des- 
ignated H) were thus developed by the method of chi 
square least error analysis (Table III). The least error 
level for pulmonary capillary pressure was 18 mm Hg 
whereas that for cardiac index was 2.2 liters/min per m?. 
Of the 105 patients with a cardiac index of 2.2 or less, 78 
(75 percent) had clinical peripheral hypoperfusion (P 
«0.0001). Likewise, of the 103 patients with a pulmo- 
nary capillary pressure of more than 18 mm Hg, 88 (86 
percent) had clinical pulmonary congestion (P <0.0001). 
'The mortality rate for the hemodynamic subsets was 
not significantly different from that for the clinical 
subsets: 3 percent in H-I, 9 percent in H-II, 23 percent 
in H-III and 51 percent in H-IV. As with hypoperfusion, 
there was a ninefold increase in mortality rate associ- 
ated with depressed cardiac index (5 percent in H-I and 
H-II versus 44 percent in H-III and H-IV). 


Clinical and Hemodynamic Subset Correlations 


Table IV summarizes the diagnostic correlation be- 
tween the clinical and hemodynamic subset classifica- 
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__ tions. In 135 of 200 patients (68 percent) the class. ta 


cations correlated precisely (P <0.0001). 

.. The defining clinical criteria were predictive of car- 

diac index in 162 patients (81 percent) and of pulmo- 
. nary capillary pressure in 170 patients (85 percent). 
_ These results represent an 83 percent overall accuracy 
~ . rate of clinical evaluation as a predictor of hemody- 
A. namic state in this group. The majority of discrepancies 
. between clinical and hemodynamic characterization fell 
_ within a narrow range. Only 4 percent of patients with 
= acardiac index below 1.8 or above 2.4 liters/min per m? 
.. and only 5 percent of patients with pulmonary capillary 
. . pressure below 15 or above 25 mm Hg were misclassified 
— clinically. 


m des 


^ The dynamic correlation of the subset classifications was 
— . determined by clinical and hemodynamic evaluation before 

~ . and after alterations in this initial clinical state: 

EM. Pulmonary congestion: Twelve patients with isolated 
.... pulmonary congestion (subset C-II) and a pulmonary capillary 
E . pressure greater than 18 mm Hg (subset H-II) received furo- 
M  semide, 40 to 80 mg by intravenous bolus injection. After a 
E . mean 1 hour diuresis of 630 ml, cardiac index remained un- 
' changed (3.0 + 0.2 to 2.9 + 0.2 liters/min per m?) whereas 
- pulmonary capillary pressure decreased significantly from 21 
b . £1to16+1mm Hg (P «0.01). In 6 of these 12 patients im- 
E proved hemodynamic status and concomitant resolution of 
—. clinical pulmonary congestion resulted in reclassification to 
— subsets C-I and H-I. There was thus a 50 percent reduction 
-~ in clinical and hemodynamic morbidity. 

— Peripheral hypoperfusion: Twelve patients with isolated 
-~ peripheral hypoperfusion (subset C-III) and a cardiac index 
- . of 2.2 or less (subset H-III) underwent intravenous volume 
pv expansion with Plasminate? from 100 to 700 ml (mean 258 
E^ ml). The mean cardiac index increased from 1.6 + 0.1 to 1.9 
. . & 0.1 liters/min per m? (P <0.05) and pulmonary capillary 
i . pressure increased from 12 + 1 to 18 + 1 mm Hg (P «0.001). 
. Only 2 of these 12 patients (17 percent) had hemodynamic 
. improvement to subset H-I; both also demonstrated con- 
. comitant resolution of clinical peripheral hypoperfusion and 
. were reclassified in subset C-I. The status of the remaining 
10 patients was unchanged after volume expansion. 
. Pulmonary congestion and hypoperfusion: Forty-one 
patients with combined pulmonary congestion and hypo- 
. perfusion (subset C-IV) with a cardiac index of 2.2 or less and 
_ a pulmonary capillary pressure greater than 18 mm Hg (subset 
.. H-IV) received nitroprusside, 15 to 400 ug/min intravenously. 
= Cardiac index increased from 1.6 + 0.1 to 2.2 + 0.1 liters/min 
. per m? (P «0.001) and pulmonary capillary pressure decreased 
_ from 31 + 1 to 20 + 1 mm Hg (P «0.001) in this group. Eight 
~ ofthe 41 patients were reclassified to both subsets H-I and C-I; 
_ 10 were reclassified to subset H-II (2 also to subset C-II); and 
. 12 were reclassified to subset H-III (7 of these also to subset 
-~ C-III). 
= Reduced hemodynamic morbidity was thus demonstrated 
-in 30 of the 41 patients (72 percent) and reduced clinical 
. morbidity in 17 of the 41 (41 percent). 


=- Hemodynamic improvement after an intervention 

generally correlated with resolution of the associated 
— clinical abnormality. In patients with hemodynamic 
pulmonary congestion (subsets H-II and H-IV), pul- 
monary capillary pressure decreased by a mean of 34 
percent (from 29 + 1 to 19 + 1 mm Hg; P «0.001). 
Resolution of clinical pulmonary congestion was seen 
in 73 percent of these patients. In patients with hemo- 
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ic hypoperfusion (subsets H-III and H-IV), mean 
> index after interventions increased by 38 per- 
. rom 1.6 + 0.1 to 2.2 + 0.1 liters/min per m2; P 
<0.01). Resolution of clinical hypoperfusion was ob- 
served in 64 percent of these patients. Hemodynamic 
and clinical subset reclassification after drug inter- 
vention was identical in 70 percent of the patients. 


Discussion 


Although hemodynamic monitoring has become a 
valuable tool in both the diagnosis and treatment of 
disordered cardiac function associated with acute 
myocardial infarction,!”.2° bedside examination remains 
the mainstay of patient evaluation. This study was 
therefore undertaken (1) to determine the accuracy of 
clinical evaluation in detecting documented hemody- 
namic abnormalities; (2) to define the hemodynamic 
levels at which clinical abnormalities become apparent; 
and (3) to establish patterns of hemodynamic and 
clinical abnormalities (subsets) that might be relevant 
to prognosis and therapy. 


Relation of Hemodynamics to Clinical State 


Various studies have established that an increase in 
pulmonary capillary pressure leads to pulmonary con- 
gestion and a decrease in cardiac index to peripheral 
hypoperfusion!7-?!; thus, clinical state and Starling 
function have been shown to be intimately related. In 
this regard, specific values of 18 mm Hg for pulmonary 
capillary pressure and 2.2 liters/min per m? for cardiac 
index were found to correlate closely with the clinical 
counterparts of pulmonary congestion and peripheral 
hypoperfusion as defined in our study. The accuracy 
rate of the physical examination in predicting whether 
cardiac index and pulmonary capillary pressure were 
above or below these values was 81 and 85 percent, re- 
spectively. 

The major limitation of the clinical classification 
was the underdiagnosis of depressed cardiac index: 27 
patients (14 percent) without clinical hypoperfusion had 
a cardiac index of 2.2 liters/min per m? or less, whereas 
only 11 (5 percent) with hypoperfusion had a cardiac 
index greater than 2.2 liters/min per m?. Retrospec- 
tively, the distribution of error would have been more 
symmetrical if the defining criteria had been arbitrarily 
liberalized (for example, using a heart rate of 100 
beats/min instead of 125 beats/min) but only at the 
expense of a greater overall rate of error. The error for 
the clinical diagnosis of pulmonary congestion was 
symmetrical and not significantly different from that 
reported for radiographic evaluation alone.?? 

The levels of least error determined in this study for 
pulmonary capillary pressure and cardiac index are 
supported by data from other sources. 'Thus the level 
for pulmonary capillary pressure (18 mm Hg) is iden- 
tical to that reported to represent the point at which 
pulmonary congestion becomes radiologically appar-. 
ent!/??? and is also the level associated with maximal 
Starling function in acute myocardial infarction.?! 'The 
least error level for cardiac index (2.2 liters/min per m?) 
is 3 standard deviations from the normal mean cardiac 





index (therefore only 0.15 percent of normal persons 
would be expected to have an index below this level). 
Additionally, this level has previously been used em- 
pirically by other investigators for the hemodynamic 
definition of cardiogenic shock and therefore represents 
severe circulatory depression.?-?? 


Clinical Relevance of Subset Classification 


Several methods have been proposed for classifying 
patients with acute myocardial infarction.!-9'*"'* Like 
our subset system, each uses for patient classification 
some arbitrarily selected criteria whose clinical rele- 
vance will ultimately determine the value of the method. 
Thus far, these methods have primarily been valuable 
in establishing prognostic groups, but a more relevant 
classification system would have additional character- 
istics. Ideally, such a system would be readily applicable 
at the bedside, bear a direct relation to fundamental 
determinants of cardiac function and thus be immedi- 
ately applicable to therapeutic decision-making. In this 
respect, each of the previously described classifications 
has deficiencies. The system proposed by Peel et al.,* 
utilizing a weighted score based on age, general clinical 
state and past medical history, does not relate directly 
to the ventricular dysfunction associated with acute 
myocardial infarction, whereas the classification de- 
scribed by Hughes et al.,9 utilizing regression analysis 
of sophisticated hemodynamic measurements, is diffi- 
cult to use at the bedside. The classification described 
by Killip and Kimball! attempts to meet these objec- 
tions by establishing groups based on clinical exami- 
nation for pulmonary congestion, pulmonary edema and 
cardiogenic shock. This method is readily used at the 
bedside and has some therapeutic relevance, but the 
criteria are vague in several respects. The distinction 
between Killip groups II and III is defined by the level 
on the chest at which rales are audible, and the defini- 
tion of group IV (cardiogenic shock) is equally impre- 
cise. Additionally, this classification system does not 
distinguish the important subset of patients with hy- 
povolemia and lacks correlation with related hemody- 
namic measurements. 

Advantages and limitations of subset system: Our 
subset system has several advantages over previously 
described methods. Like the Killip classification, it is 
based upon clinical criteria that are readily and rou- 
tinely observed at the bedside, and it is, therefore, 
practical in its application. More important, this system 
allows prediction of a specific basic physiologic state: 
the level of Starling function. This intimate functional 
relation imparts to this system direct therapeutic im- 
plications. Thus, because the system is predictive of the 
hemodynamic determinants of the fundamental clinical 
signs of heart failure and because the efficacy of many 
therapeutic agents is dependent upon these vari- 
ables,21.28-3! it may be possible to predict and assess 
both clinical and hemodynamic response to therapy. 

As with any method of patient classification, our 
method has substantial limitations; for example, it ig- 
nores possible critical variables such as location, age and 
size of infarction. However, within these limitations, it 
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has organizational value and logical clinical implica- 
tions. 

Subset I: Patients with an uncomplicated diagnosis 
on physical examination (subset I) have a very low in- 
hospital mortality rate (approximately 1 percent in OUT 
study). However, the physical examination underdi- 
agnosed the magnitude of derangement in cardiac 
function in 33 percent of this subset. Most of the latter 
patients had increased pulmonary capillary pressure 
that was not apparent clinically. Such clinical under- 
estimation has previously been termed “preclinical 
failure" 22: it does not appear to be a significant risk 
factor in relation to mortality and thus may not be of 
major clinical importance. | : 

Recent investigations suggest that decrease in infarct 
size is an appropriate goal of therapy in acute myocar- 
dial infarction,?2-?4 and such therapy may eventually 
prove to be specifically applicable in patients in subset - 
I. In this context, certain abnormalities in determinants 
of oxygen consumption were observed in patients in 
subset I: 32 percent had hypertension (systolic pressure 
greater than 140 mm Hg) and 21 percent had tachy- - 
cardia (heart rate greater than 100 beats/min). Specific 
therapy such as administration of propranolol??96 or 
nitroprusside???? may eventually be shown to decrease 
infarct size by correcting these hemodynamic abnor- 
malities,?739 but administration of a nonspecific agent 
such as hyaluronidase?? or a steroid ^9?! may prove to 
be equally appropriate. 

Subset II: In patients with isolated clinical pulmo- 
nary congestion (subset II), a substantial diagnostic 
error existed in our study. Forty-four percent of this 
subset were noted to have associated subclinical de- 
pression in cardiac index. Although the overall mortality 
rate in the subset was only 11 percent, all deaths oc- 
curred in the patients with clinically unrecognized de- 
pression of cardiac index. 

Because patients in this subset have clinical pulmo- 
nary congestion, reduction of increased pulmonary 
capillary pressure is a logical goal of therapy. Such 
therapy should reduce pulmonary congestion?! 424? and 
might also limit infarct size by decreasing left ventric- 
ular volume, a major determinant of myocardial oxygen 
consumption.‘ In our study, diuretic therapy, em- 
ployed in the presence of clinical pulmonary congestion, 
relieved this clinical condition and reduced pulmonary 
capillary pressure without compromising forward flow. 
However, in patients with a clinical misdiagnosis of 
pulmonary congestion who have a normal pulmonary 
capillary pressure, diuretic therapy might decrease 
cardiac output.?! The risk of *inappropriate" reduction 
in pulmonary capillary pressure in patients with acute 
myocardial infarction is unknown, but hemodynamic 
monitoring should minimize the likelihood of its oc- 
currence. | 

Subset III: The clinical diagnosis of isolated pe- 
ripheral hypoperfusion was relatively precise. This di- 
agnosis was of major prognostic significance because the 
mortality rate was four times greater in this subset than 
in patients without hypoperfusion. Although it is not 
known if this mortality rate can be reduced by therapy, 
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: it is reasonable to direct treatment to increasing de- 
pressed cardiac output. The majority of patients in this 
clinical subset had decreased stroke volume and sinus 
tachycardia. These patients partially responded in a 
_ hemodynamically beneficial manner to volume re- 
-~ placement. They may therefore be considered "hypo- 
volemic,” although our study did not demonstrate re- 
duction in circulating blood volume. Mean cardiac index 
- did not increase to the range observed in compensated 
~ patients after volume expansion; thus, depression of 
. . cardiac performance in this group may also be related 
`. to factors in addition to hypovolemia. 

f Subset IV: Eighty percent of the patients with 
_ combined pulmonary congestion and hypoperfusion 
. had parallel hemodynamic abnormalities. The prognosis 
. inthis subset was extremely poor (60 percent in-hospital 
. mortality rate). Because both cardiac index and pul- 
_ monary capillary pressure generally are abnormal in this 
- clinical subset, therapy capable of normalizing both 
L variables should be most appropriate. Recent studies 
. have demonstrated significant increase in cardiac index 
. and decrease in pulmonary capillary pressure with pe- 
_ ripheral vasodilator therapy, while myocardial oxygen 
.. demand generally is reduced.?? Because of the potential 
. danger of reduction in systemic and coronary perfusion 
. pressure, such therapy requires continuous hemody- 
— namic monitoring. 

. . An alternate intervention, used in the more hypo- 
_ tensive patients in this subset (patients with “cardio- 
_ genic shock"), is vasopressor therapy, which has been 
4 _ variably reported to increase cardiac index and reduce 
E- pulmonary capillary pressure.?94» Administration of 
= catecholamine vasopressors has obvious theoretical 
. disadvantages in relation to myocardial oxygen re- 
- quirements, but in some cases myocardial metabolism 
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may improve.*? Digitalis may increase cardiac output 
and reduce pulmonary capillary pressure,*® but re- 
sponse also is variable and usefulness of the drug is 
further limited by its effects on myocardial metabo- 
lism. 

Clinical implications: Subset classification has di- 
agnostic, prognostic and therapeutic relevance for the 
management of patients with acute myocardial infarc- 
tion. Thus, clinical subset classification allows the 
physician to predict with approximately 80 percent 
reliability a critical level of cardiac index and pulmonary 
capillary pressure in patients with acute myocardial 
infarction. In addition to providing relevant information 
for prognosis and selection of patients for invasive he- 
modynamic monitoring, these data should be of value 
as a standard against which future therapeutic trials, 
either medical or surgical, can be compared. Finally, 
since both the direction and magnitude of the hemo- 
dynamic response to therapy varies substantially with 
the pretreatment level of cardiac index and pulmonary 
capillary pressure, identification of subsets may be of 
importance both to clinical care and pharmacologic 
investigation by allowing reasonable assessment of 
therapeutic alternatives in this disease. 
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To evaluate methods for detecting pulmonary edema, pulmonary extra- 
vascular water volume was measured at 24 hour intervals (total 72 hours) 
in 25 patients with acute myocardial infarction. Measured lung water was 
compared with results of clinical, blood gas, X-ray and hemodynamic 
methods for detecting pulmonary edema. Increased pulmonary extra- 
vascular water volume on one or more measurements was observed in 
18 of the 25 patients and was associated with an abnormal chest radio- 
graph and increased pulmonary arterial wedge, pulmonary arterial dia- 
stolic and right atrial pressures. It was associated less well with clinical, 
blood gas and other hemodynamic measurements. 

Pulmonary arterial diastolic or pulmonary wedge pressure was a sig- 
nificant predictor of lung water 24 hours later. Both “preclinical pulmonary 
edema" and the “therapeutic phase lag" could be predicted from the 
pulmonary wedge pressure. Clinical, blood gas, radiographic and other 
hemodynamic measurements were not predictive. 


Left ventricular pump failure manifested by shock or pulmonary edema 
is a frequent complication of acute myocardial infarction. Cardiogenic 
shock is easily diagnosed from clinical signs of inadequate perfusion but 
pulmonary edema, particularly in its early stages, may be difficult to 
detect. Various clinical and laboratory methods have been advocated 
as helpful in detecting pulmonary edema but results have been contro- 
versial9-!4 because there has been no acceptable standard measure of 
pulmonary extravascular fluid volume. 

To evaluate the available clinical and laboratory methods for detecting 
pulmonary edema, the results of these techniques were compared with 
serial measurements of extravascular lung water in patients with acute 
myocardial infarction. 


Methods 


Patients: Twenty-five patients with acute myocardial infarction admitted 
to the coronary care unit of the Baltimore City Hospitals participated in the 
study. There were 9 women and 16 men between the ages of 27 and 75 years. 
Seven patients were receiving digitalis or diuretic treatment, or both, for heart 
failure at the time of admission. Infarction was defined by typical history, in- 
creased cardiac enzymes (serum glutamic oxaloacetic transaminase [SGOT], 


‘creatine kinase [CK]) and electrocardiogram indicating acute transmural 


damage. All patients had at least one clinical sign of left ventricular failure (left 
heart third sound, fourth sound gallops or rales) on admission. Informed written 
and verbal consent was obtained from each patient or a responsible relative 
before investigation. 

Initial studies were performed within 24 hours of the onset of the patient’s 
chest pain and subsequently at 24 hour intervals for 3 days unless contraindi- 
cations occurred. No attempt was made to alter the appropriate clinical treat- 
ment of an individual patient. A total of 72 studies were performed in the 25 - 
patients. 

Measurements: A no. 7 Swan-Ganz triple lumen flow-directed catheter 
(Edwards Laboratory, Santa Ana, California) was inserted under local anesthesia z 
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into an antecubital vein. It was advanced, with pressure 
monitoring, to a position in a distal branch of the pulmonary 
arterial system. This catheter has a distal lumen for mea- 
surement of pulmonary arterial and pulmonary capillary 
wedge pressures and a proximal lumen, 20 cm from the tip, 
usually opening into the right atrium. 

After presence of an adequate ulnar pulse was assured, a no. 
16 or no. 18F 2.5 inch (6.65 cm) Teflon? cannula was inserted 
percutaneously into the radial artery under local anesthesia. 
Both catheters were connected to flush devices (Sorenson 
Research Laboratories, Salt Lake City, Utah) and to Statham 
P23Db pressure transducers leveled 5 cm below the angle of 
Louis. After 30 to 60 minutes of rest, the patient was placed 
in the supine position and mean and phasic pressures were 
recorded from the pulmonary artery, pulmonary wedge, radial 
artery and right atrium. An electrocardiogram and heart rate 
were also recorded. 

Cardiac output and pulmonary extravascular water were 
then measured with the indicator-dilution technique. A 2.5 
cc bolus dose of radioactive iodinated (!?^I or !?!I) serum al- 
bumin (RISA) and tritiated water ((THO) was rapidly injected 
through the proximal lumen of the Swan-Ganz catheter. Si- 
multaneously a Gilson Escargot sampler began sampling free 
flow blood from the radial artery cannula at intervals of 1 or 
2 seconds. These samples ranged from 0.5 to 2.0 cc, with vol- 
ume remaining relatively constant for any single run. After 
5 minutes, while the patient breathed room air, arterial and 
pulmonary arterial blood samples were drawn simultaneously 
for blood gas analysis. 

Portable chest radiographs were taken with the patient 
seated upright with held inspiration if possible. The X-ray 
tube was placed at a focal point of 6 feet (182 cm) from a 14 
by 17 inch (36 by 43 cm) X-ray cassette. A cardiovascular ex- 
amination was undertaken by a single cardiologist blinded to 
the patient's other data. 

The study protocol, including physician evaluation, pres- 
sure measurements, tracer injection, chest radiograph and 
other measurements, required approximately 30 minutes. 

Cardiac output was measured by the indicator-dilution 
technique with radioactive !?!T or !??I serum albumin. After 
centrifugation of the blood samples, 0.1 and 0.5 cc of the 
plasma was pipetted into 4.5 cc of absolute ethyl alcohol. 
These precipitated samples were counted for 1 minute at the 
appropriate wave length on a Baird model 600 gamma counter. 
After subtraction for background, values were plotted semi- 
logarithmically with the downslope determined by eye. Car- 
diac output and mean transit time were calculated with the 
method of Stewart and Hamilton. 

For pulmonary extravascular water volume measure- 
ments, 0.5 cc of the spun supernatant was dissolved in 14.5 cc 
of Aquasol liquid scintillation solution (New England Nuclear, 
Boston, Massachusetts). These samples were counted for 
'THO activity for 10 minutes in a Packard 2420B liquid scin- 
tillation system. After correction for background, time-con- 
centration curves were plotted and mean transit time was 
calculated as before. 

Pulmonary water measurement by the labeled water 
method must be corrected for the difference in transit times 
for plasma and red cells crossing the pulmonary vascular 
bed.!5:!6 The relation of these transit times is described by the 
formula!’: 


(tALB — 0.184) 
(1.030) 


where tALB and tRBC = the mean transit times for albumin 
and red blood cells, respectively. tRBC was calculated with 


tRBC = 


.use of this relation. The difference in water content between 
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FIGURE 1. Comparison of duplicate pulmonary extravascular water 

(PEW, mi/m?) measurements in six patients. Line of identity is 

shown. 


plasma and red blood cells must also be included in calcula- 
tions of pulmonary extravascular water (PEW)!.16: 


PEW = (CO) (Het) (0.70) (tw — tRBC) + 
(CO) (1 — Het) (0.94) (tw — tALB) 


where PEW = pulmonary extravascular water volume (ml), 
CO = cardiac output (ml/sec), Hct = hematocrit, tw = mean 
transit time for THO (tritium-labeled water), and 0.70, 0.94 
= fractional volumes of water (ml/ml) in red blood cells and 
plasma, respectively. 

Total blood volume (TBV) was calculated from the ra- 
dioactive serum albumin activity of a blood sample drawn 15 
to 20 minutes after isotope injection: 


injected (counts/min) 1 
sample (counts/min per ml) (1 — Het) 


Central blood volume (site of right heart injection to the 
radial artery) was calculated as the product of the cardiac 
output (ml/sec) and the mean transit time for the radioactive 
serum albumin. Volume measures were corrected for body 
surface area by the method of Dubois. 

Duplicate lung water measurements were carried out in 
six patients by performing two indicator-dilution injections 
10 to 30 minutes apart (Fig. 1). Pulmonary vascular pressures 
and cardiac output values frequently changed between in- 
jections, but the lung water measurement was relatively stable. 
A standard deviation of the differences of +11:0 ml or +5.8 
percent of the mean was observed. 

In six patients, cardiac output measured with use of !?!I 
serum albumin was compared with results of simultaneous 
dilution curves derived from tritiated water concentrations. 
As observed elsewhere,!? cardiac output measured with tri- 
tiated water was similar but slightly less (0 to 5 percent) than 
that measured by the intravascular indicator. 

Clinical classification: Patients were classified for clin- 
ical status: Class I (uncomplicated), class II (S3 gallop and 
rales), class III (frank pulmonary edema) and class IV (car- 
diogenic shock).!? 

Chest radiographs were interpreted by a single radiologist 
who had no knowledge of other clinical or laboratory data. 
They were classified as follows: class A (normal), class B 


TBV (ml) = 
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(pulmonary congestion or vascular redistribution, or both), 
class C (interstitial pulmonary edema) and class D (alveolar 
pulmonary edema). 

Normal values: Data regarding normal pulmonary extra- 
vascular water in man are scarce. Goresky et al.,!? utilizing 
methods similar to ours in normal subjects, found values of 
39 to 107 ml/m*. McCredie!8 found values of 52 to 128 ml/m? 
in nine normal subjects. Similar values (70 to 107 ml/m?) were 
measured by Luepker et al.” in six normal subjects. Utilizing 
these values, we have defined three classes of pulmonary ex- 
travascular water for descriptive purposes: 107 ml/m? or less 
(normal); 108 to 128 ml/m? (borderline); and 129 ml/m? or 


more (increased). 
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Results 
Clinical Correlations 


Clinical indicators of pulmonary edema were eval- 
uated in all patients. Increased pulmonary extravascular 
water was related only to left ventricular (third sound) 
gallop rhythms (Fig. 2). Rales were frequently found but 
were not useful as the only indicator of lung water. A left 
ventricular gallop and rales were common when lung 
water was clearly increased (56 percent of cases), but 
less common when lung water was normal (15 percent) 
or borderline (9 percent). 


100 
50 50 
9/44| |3/55| |8/13 2V44| |8/15| |10/13 7/44 7/3 FIGURE 2. Comparison of pulmonary extravascular water 
02107 108328 =129 £107 108-128 2129 5107 108-128 2129 volume (PEW, ml/m^) with clinical observation of third 
PEW sound (S3) gallops or rales, or both (72 studies in 25 pa- 
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- .— FIGURE 3. Comparison of pulmonary extravascular water volume (PEW, 





.. ml/m?) with diagnostic classifications | to IV. | = uncomplicated; Il = 


Ss gallop and rales; Ill = pulmonary edema; IV = cardiogenic 
shock. 
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FIGURE 4. Comparison of pulmonary extravascular water volume (PEW, 
mi/m*) with chest radiographic classes A to D. A = normal; B = pul- 
monary congestion or vascular redistribution, or both; C — interstitial 
pulmonary edema; D — frank alveolar pulmonary edema. . 
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Figure 3 compares several clinical variables with se- 
verity of diagnostic classification.!? An abnormal clinical 
classification (class II or greater) was more commonly 
associated with increased lung water than with normal 
or borderline levels. 

An abnormal chest radiograph was always found 
when lung water was increased (Fig. 4). Chest radio- 
graphs interpreted as abnormal (class B or C) were also 
commonly seen in borderline states. With normal lung 
water, the chest X-ray film was usually normal but ab- 
normal films were also observed. Difficult conditions 
and portable chest radiographs (acutely ill patients in 
an intensive care unit) frequently produced films of 
suboptimal quality. Because all films were studied after 
hospital discharge, it was not possible to repeat films 
that were of poor or inadequate quality. Fifty-four films 
(76 percent) were of good quality, whereas 6 (8 percent) 
were inadequate and 12 (16 percent) were thought to be 
poor but readable. 

Arterial and mixed venous blood oxygen saturation 
levels and arteriovenous oxygen differences are shown 
in Table I. Although there is an indication that in- 
creased lung water is associated with low arterial and 
venous oxygen saturation levels and larger arteriove- 
nous oxygen differences, these levels were also com- 
monly found in patients with normal lung water. 


Hemodynamic Correlations 


With 8 mm Hg defined as normal, mean right atrial 
pressure was associated with measured lung water 
(chi-square = 14.6, df = 2, P <0.001) (Fig. 5). However, 
there was considerable scatter, and increased right atrial 


Hg 


RA mm 
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FIGURE 5. Comparison of pulmonary extravascular water volume (PEW, 
ml/m?) with mean right atrial pressure (RA, mm Hg) (66 studies). Normal 
pressure — 8 mm Hg or less. Right atrial pressures were not obtainable 
in six investigations. 


€ me 5 R N AARI PMS TG 
ee? 


"> 


DETECTING PULMONARY EDEMA—LUEPKER ET AL. | 


pressure was commonly observed with normal lung 
water (35 percent of cases). Right atrial pressure cor- 
related with pulmonary capillary wedge pressure (r = 
+0.74, no. = 66). 

The comparison of pulmonary capillary wedge 
pressure with measured lung water is seen in Figure 6. 
An increase in the mean wedge pressures was associated 
with increases in extravascular lung water. With 12 mm 


TABLE | 


Pulmonary Extravascular Water Correlated With Arterial 
and Mixed Venous Oxygen Saturations and Difference 
in 72 Studies in 25 Patients 





Pulmonary Extravascular 
Water (ml /m?) 


«107 108-128 '2129 Chi Square 





Arterial O, saturation (%) 


<90 11 4 7 

>90 33 11 wi iu 
Venous O, saturation (%) 

<50 28 8 10 
Arteriovenous O, differ- 

ence (vol %) 
<6 25 7 3 
36 19 a 10 4.56 (NS) 





NS = not significant. 


PCW mmHg 





«107 108-128 2129 
PEW ml/M? 


FIGURE 6. Comparison of pulmonary extravascular water volume (PEW, 
ml/m?) with mean pulmonary capillary wedge pressure (PCW, mm Hg) 
(72 studies). Normal mean wedge pressure = 12 mm Hg or less. x = 
died; open circles = increase of 30 percent or more in lung water 24 
hours later; open squares = decrease of 30 percent or more of lung 
water 24 hours later. 
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Hg defined as the upper limit of normal, wedge pressure 
was well associated with measured lung water (chi 
square = = 13.0, df = 2, P <0.005). Wedge pressure was 
also linearly correlated with lung water (r = +0.51, no. 
= 72). Again there was considerable overlap, and in- 
creased wedge pressures were commonly observed with 
normal lung water (40 percent of cases). 

Pulmonary arterial diastolic pressure was highly 


. correlated with pulmonary capillary wedge pressure (r 
. = +0.79, no. = 72). The relation of lung water and pul- 
| ‘monary arterial diastolic pressure is similar to that 


. observed with wedge pressure. 

Comparison of pulmonary extravascular water with 
cardiac output, mean transit times, pulmonary vascular 
resistance, system vascular resistance, central blood 
volume, total blood volume and systemic blood pressure 
.. yielded no significant relations. A relation of lung water 
to central blood volume might be expected from prior 
data!?; however, our method, with its peripheral sam- 
pling site, included a wide area of blood volume that can 
only loosely be termed “central.” 

Lung water and right atrial and wedge pressures 
were compared at 24 hour intervals (Fig. 7). Central 


. pressure, particularly wedge pressure, was highest on 


_ the first day of hospitalization and then gradually de- 
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creased. A similar but less pronounced pattern was 
observed with mean right atrial pressure. Changes in 
measured extravascular lung water lagged behind the 
wedge and right atrial pressures. The peak value for 
— lung water, measured on the second day, was followed 
_ by a gradual reduction to the lowest level during the 
. fourth day of hospitalization. 


"Predictors of Increased Lung Water 


"To define the measurements that would best predict 
increased lung water, all variables were compared with 


. the lung water measurement 24 hours later. With the 
.. exception of wedge pressure and the pulmonary arterial 
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_ FIGURE 7. Comparison of lung water (PEW, ml/m?) and mean wedge 
- (PCW) and right atrial (RA) pressures (mm Hg) at 24 hour intervals. 
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diastolic pressure, none of the clinical, rediologit. blood 
gas, cardiac output, blood volume or hemodynamic 
variables had any predictive power. The association 
between wedge pressure and lung water 24 hours later 
is demonstrated in Figures 6 and 8. In Figure 6, patients 
with normal lung water but increased wedge pressure 
were commonly found to have a significantly elevated 
lung water level (30 percent or greater increase) 24 hours 
later. That is, increased wedge pressure appeared to 
predict subsequent accumulation of extravascular lung 
water. When reduced wedge pressure was associated 
with increased lung water, a greater than 30 percent 
decrease in lung water was observed the subsequent day. 

This relation is again depicted in Figure 8, which shows 
that decreased wedge pressures were associated with 
normal lung water in the succeeding 24 hours whereas 
increased pressures were associated with increased lung 
water. 


Discussion 


Increased pulmonary extravascular water associated 
with acute myocardial infarction has been observed in 
this study and other recent investigations.?9-?? Several 
explanations for this association have been advanced. 
Elevation of left ventricular diastolic pressure due to 
ventricular muscle dysfunction or changes in wall 
compliance, or both, are usually found in acute myo- 
cardial infarction.!-*:?3 Elevation of left ventricular di- 
astolic pressure increases pulmonary capillary hydro- 
static pressure, producing transudation of fluid from the 
vascular compartment to the pulmonary interstitium. 
This is probably the primary cause of increased lung 
water. Other investigators have suggested that plasma 
colloid osmotic pressure is reduced in acute myocardial 


PEW may? at 24 hrs 





PCW mmHg 


FIGURE 8. Comparison of lung water (PEW, ml/m?) with mean wedge 
pressure (PCW, mm Hg) 24 hours earlier in 51 studies (r — 0.501). Open 
circles — no treatment; closed circles — diuretic or digitalis therapy, 
or both. 





infarction, which would also promote fluid transudation 
and increased lung water.24 Factors such as alteration 
in pulmonary capillary permeability secondary to 
hypoxia, alteration in surface tension forces and in 
lymphatic flow have also been proposed to explain 
changes in lung water but are not well documented. 

Increased extravascular lung water is known to occur 
commonly in myocardial infarction, but it is difficult to 
detect, particularly in the early stages, when effective 
therapy is usually available. Clinical, blood gas, radio- 
logic and hemodynamic measurements have each been 
proposed as the best method of detecting pulmonary 
edema.59-1425-28 However, because direct pathophys- 
iologic confirmation of the dynamic changes in lung 
water have been lacking, most studies have relied on one 
indirect method to confirm or negate data derived from 
another indirect method.79.25.25 

Usefulness and limitations of radioactive tracer 
method: In this investigation we utilized actual mea- 
surement of lung water with a radioactive tracer for 
comparison with indirect methods. The radioactive 
tracer method, because of time-consuming chemical 
procedures, is not applicable clinically but can serve as 
a reference. 

The usefulness and limitations of the radioactive 
tracer method for measuring pulmonary extravascular 
water volume have recently been reviewed.!°-!" It is 


clear from experimental studies that this method | 


measures a portion of total pulmonary extravascular 
water. Presumably, that portion is the pericapillary and 
adjacent interstitial water but not alveolar water.”° 
According to animal studies,?? 70 percent of total lung 
water is measured by this method. One well documented 
potential area of loss to measurement is lung sectors in 
which capillaries are closed (that is, not perfused).?-' 
These sectors are probably not accessible to the ra- 
dioactive water tracer. The magnitude of measurement 
loss to unperfused capillaries has been a matter of de- 
bate. Recently, Goresky et al.! compared measured 
extravascular lung water by the labeled water method 
with pulmonary capillary perfusion measured with 
carbon monoxide. In seated volunteers, they observed 
a small average increase (18 percent) in measured lung 
water associated with increased capillary perfusion 
during the initial transition from rest to exercise. With 
continued exercise, capillary perfusion continued to 
increase but measured lung water was unchanged. One 
might predict a significant effect of capillary perfusion, 
particularly in patients with hemodynamically unstable 
acute infarction. However, both the similarity of our 
lung water measurements with those found in normal 
persons!6-!? and in patients with chronic heart fail- 
ure,!618 and the stability of the measurement on du- 
plicate studies lead us to postulate that the effect of 
pulmonary capillary perfusion on lung water measure- 
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ment in patients with infarction is no larger than that 
seen in normal subjects.!' 

Usefulness of clinical examination: Clinical ex- 
amination was a relatively poor method of assessing 
normal or excess lung water. The chest radiograph was 
the most helpful noninvasive method. It was always 
abnormal with increased lung water and was usually 
abnormal in the borderline state. However, some ab- 
normal chest films were associated with normal lung: 
water. Difficulties in obtaining and interpreting por- 
table chest X-ray films in acutely ill patients may ac- 
count, in part, for erroneous interpretations. 

Usefulness of hemodynamic measurements: Of 
the hemodynamic measures, pulmonary capillary wedge 
pressure (reflecting pulmonary capillary pressure) was 
the most helpful. Pulmonary arterial end-diastolic 
pressure was an acceptable alternative to wedge pres- 
sure measurement. Nevertheless, some patients with 
normal lung water but elevated wedge pressure and 
some with increased lung water had normal pressure. 

Usefulness of serial measurements: Because of the 
need to find methods of predicting the onset of pul- 
monary edema, serial examinations were performed at 
24 hour intervals. This evaluation was complicated by 
several factors. First, treatment for congestive heart 
failure was administered whenever it was clinically in- 
dicated; the study made no attempt to alter this man- 
agement. Data from patients who received digitalis or 
diuretic therapy, or both, are depicted in Figure 8. There 
is a suggestion that patients in the treated group had 
reduced lung water volume, but the difference was not 
statistically significant. Second, most of the variables 
measured (for example, cardiac output, central vascular 
pressures) can change rapidly in patients with hemo- 
dynamically unstable acute infarction. Our short-term 
observations thus may poorly reflect the long-term 
trends of variables that probably have a dominant role 
in the accumulation of lung water. Under these condi- 
tions, only hemodynamic measurements (pulmonary 
arterial diastolic and wedge pressures) proved signifi- 
cant predictors of change in lung water among the 
methods evaluated. The findings of increased wedge 
pressure leading to increased lung water within 24 hours 
and decreased wedge pressure leading to decreased lung 
water within 24 hours are similar to conditions de- 
scribed by others?? (preclinical pulmonary edema and 
therapeutic phase lag) utilizing different methods. 
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The frequent association of new ST-T wave changes without Q waves in 
the surface electrocardiogram of patients with the intermediate coronary 


syndrome necessitates a better understanding of the pathophysiologic 


significance of this finding. A previous study in patients with stable cor- 
onary artery disease indicated that the surface electrocardiogram is in- 


sensitive in detecting epicardial Q waves. This relation was evaluated in- 


21 patients with the intermediate syndrome, characterized by recurrent 
chest pain at rest associated with significant new S-T or T wave abnor- 
malities, or both, and no new Q waves in the surface electrocardiogram 
at the time of open heart coronary bypass surgery. Unipolar electrograms 
were recorded from the epicardial surface of the left ventricle before the 
bypass procedure. In 19 patients, epicardial electrograms revealed initial 
R waves over areas of the left ventricle in which the acute S-T and T wave 
abnormalities were evident in the surface electrocardiogram. Two patients 
had epicardial Q waves (one laterally and one inferiorly). In seven patients, 
a transmural biopsy specimen was also obtained from the ischemic area. 


All showed histologically normal myocardium without evidence of early 


inflammatory or necrotic tissue. Of the 19 patients discharged, only one 
demonstrated new postoperative Q waves that had been detected by 
epicardial recordings before bypass. In summary, patients with the in- 
termediate syndrome exhibiting S-T or T wave abnormalities, or both, 
without new Q waves in the surface electrocardiogram generally do not 
have Q waves either in 4he intraoperative epicardial or postoperative 
surface electrocardiogram. In addition, no histopathologic abnormalities 
are apparent in biopsy specimens taken from the ischemic area. 


Patients with the “intermediate coronary syndrome" frequently have 
S.T or T wave abnormalities, or both, that may occur transiently during 
episodes of pain or persist with only gradual resolution.!-9 Gazes et al. 
pointed out that patients with both unstable angina and S-T or T wave 
abnormalities have a particularly poor prognosis, but the pathophysio- 
logic significance of such changes is unclear. 

The absence of new Q waves in this setting is usually interpreted as 
evidence against a significant new infarction. However, in a recent study 
from our laboratory? and in patients with stable angina, epicardial Q 
waves detected with local electrograms were frequently missed in the 
surface electrocardiogram. Accordingly, in this study we have attempted 
to determine the histopathologic and local electrographic correlations 
of ST-T wave abnormalities in patients with the intermediate coronary 
syndrome undergoing open heart coronary bypass surgery. 


Methods 


Twenty-one patients (11 men and 10 women aged 43 to 66 years) who under- 
went coronary bypass surgery for treatment of the intermediate coronary syn- 
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drome were studied. Clinical criteria for the intermediate 
syndrome were defined as follows: All patients experienced 
prolonged (20 or more minutes) recurrent chest pain that was 
either unresponsive or poorly responsive to nitrates and bed 
rest for 3 or more days despite medical therapy including 
administration of oxygen, sedatives and vasodilators. In ad- 
dition, all 21 patients manifested new S-T or T wave changes, 
or both, coincident with pain which then persisted for more 
than 24 hours. Twelve patients had deep symmetric T wave 
inversions of 3 mm or more (excluding leads III and aVR). 


Four patients had greater than 0.1 mv S-T segment depression 


and five others had greater than 0.1 mv S-T segment elevation, 
all in addition to T wave changes. Serum enzyme levels were 
normal or less than 40 percent above normal. Multiple 12 lead 
electrocardiograms performed throughout the hospital stay 
revealed neither new Q waves nor permanent loss of R wave 
potential. 

Cardiac catheterization: These studies were performed 
on an urgent basis in all patients. Right heart catheterization 
was performed by way of an antecubital vein cutdown and left 


_ heart catheterization percutaneously through a femoral artery. 


After recordings of left ventricular pressure (using Statham 
P23Db transducers) and cardiac output (indicator-dilution 


: method using indocyanine green), left ventriculography was 


performed in the 30? right anterior oblique projection using 
30 to 40 cc of sodium and meglumine diatrizoates (Reno- 
grafin-769) injected into the left ventricle. In no case was this 
performed during or immediately after anginal symptoms. 
Selective coronary cinearteriography was then performed with 


either the Sones or Judkins technique. Cineangiograms were 


taken on a 10 by 6 inch dual field image intensifier (Siemens) 


. at64frames/sec using 35 mm Kodak Shellburst film. Hemo- 


dynamic variables were monitored and recorded on an Elec- 


. tronics for Medicine oscillographic recorder. 


Intraoperative electrograms and biopsy: All 21 patients 
underwent aortocoronary bypass surgery. Informed consent 
for electrograms and biopsies was obtained from all patients. 
At operation, epicardial electrograms were obtained before 
or immediately after the institution of cardiopulmonary by- 


. pass and before elective ventricular fibrillation.-? Unipolar 
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electrograms were obtained using three silver electrodes 
mounted in acrylic plastic in the shape of an equilateral 
triangle and recorded at 0.1 to 100 hertz on a Grass model 7B 
polygraph at paper speeds of 25, 50 and 100 mm/sec. A flat 
probe on a flexible handle was utilized to facilitate recordings 
from the posterior surface of the left ventricle. 

In seven patients, a full thickness punch biopsy specimen 
was obtained using a punch sucker technique?-!! when the 
patient had been on cardiopulmonary bypass for less than 5 
minutes and before elective fibrillation was performed. A 14 
gauge needle with a square, keenly sharpened tip was con- 
nected to an aspiration suction line with a Likens tube inter- 
posed and a sponge covering the outflow arm of the collecting 
tube. This technique avoided undue compression, trauma or 
distortion. The biopsy specimen was processed routinely, 
serially sectioned longitudinally and stained with hematoxylin- 
eosin and by a connective tissue stain for semiquantitive es- 
timate of the amount of fibrosis.? 

Protocol: At operation, epicardial electrograms were re- 
corded from multiple sites beginning over the right ventricle 
and then sequentially from the region next to the septum, the 
anteroapical area, the lateral wall and the inferior aspect of 
the left ventricle.7? The anteroapical area was taken as the 
zone between the anterior interventricular groove and a line 
4 to 5 cm parallel and lateral to it extending up to the apex. 
The inferior area was taken as the epicardial surface bounded 
by the atrioventricular groove, the posterior interventricular 
groove and a line 3 to 4 cm parallel and lateral to it extending 
up to the inferior aspect of the apex. The apex was further 
defined as the distal one third of the left ventricle. The lateral 
wall was defined as the area between the anterior and inferior 
areas. An average of six sites were recorded from each area. 
All recordings were obtained during sinus rhythm. 

The “ischemic” area was defined by the presence of local- 
ized ST-T changes in the surface electrocardiogram (either 
anterior or inferior) associated with pain and a significant 
lesion (greater than 75 percent narrowing of luminal diameter) 
in the coronary artery or arteries supplying this zone.!? The 

electrographic pattern over this area was then examined for 
uniformity and, after institution of cardiopulmonary bypass, 





EPICARDIAL ELECTROGRAM 


FIGURE 1. Electrocardiogram (25 
mm/sec; 1 mv = 10 mm) during pain 
(left panel) demonstrating marked T 
wave inversions. Residual T inversions 
without loss of R wave were seen pre- 
operatively (no pain) (center panel). 
Epicardial electrograms (right panel) 
recorded from the anterior wall (A and 
B), apex (C) and lateral (D) and inferior 
walls (E and F) of the left ventricle 
were normal. The epicardial electro- 
gram recorded at 50 mm/sec and cal- 
ibration of 1.0 mv = 1 mm with a si- 
multaneous surface lead ll (in this and 

subsequent figures). : 


.morning of operation. Epicardial 


* findings before bypass). 
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a biopsy specimen was taken from this site, thus permitting 
accurate correlation of electrographic and biopsy findings.? 

Epicardial electrograms were analyzed for the presence and 
duration of Q waves. Previous studies have indicated that Q 
waves are normally absent over the left ventricle immediately 
lateral to the septum with Q waves of less than 0.01 second's 
duration occasionally seen over the anterior free wall and 
initial Q waves of less than 0.03 second inferiorly.!?:!^ For 
purposes of analysis, anterior Q waves of 0.03 second or more 
and inferior Q waves of 0.04 second or more were considered 
abnormal.’ In addition, electrographic sites over each area 
were analyzed for the relative frequency of initial R and Q 
waves, thereby providing an index of homogeneity of a spec- 
ified zone. 

Each biopsy specimen was examined independently and 






FIGURE 2. During pain (left panel) 
surface electrocardiogram revealed 
S-T depression in leads |, aVL, V4 to 
Vg and associated T wave changes 
that decreased preoperatively (no 
pain) (center panel) without ap- 
pearance of new Q waves. Epicar- 
dial electrograms (right panel) from 
the anterior left ventricle (A and B) 
were normal. However, pathologic 
Q waves were obtained from the 
lateral wall (C, D and E) with a 
normal electrogram from the infe- 
rior wall adjacent to the posterior 
descending artery (F ). 


FIGURE 3. Electrocardiogram dur- 
ing pain (left panel) reveals a P-R 
interval of 0.28 second and ST-T 
wave changes. Preoperatively 
(middle panel), the P-R interval had 
decreased to 0.22 second and the 
ST-T wave changes had resolved. 
There was no further change on the 


recordings at operation revealed a 
QS deflection (0.05 second) over 
the inferior wall before bypass 
grafting (left tracings). After com- 
pletion of aortocoronary bypass 
(right tracings), epicardial record- 
ings after spontaneous conversion 
to sinus rhythm revealed a longer 
QRS complex (0.10 second), 
marked S-T elevation over the in- 
ferior wall and S-T depression over 
the anterior wall compared with 
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blindly by at least two observers for both fibrosis and evidence 
of myocardial necrosis (healing infarct) that may not have 
progressed to complete fibrosis (leukocytic infiltration, re- 
moval of muscle fibers, macrophages and fibroblasts or early 
signs of collagen formation).!° 


Results 


Correlation of surface electrocardiogram and ep- 
icardial electrogram: Of the 21 patients, 12 demon- 
strated deep symmetric T wave inversions alone. Five 
had S-T segment elevation and four had S-T depression 
in addition to these T inversions. Epicardial electro- 
grams recorded from the left ventricle revealed normal 
initial R waves in 19 of the 21 patients (Fig. 1). Two 
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. FIGURE 4. Electrocardiograms. Before operation (left tracings), S-T 


segment elevations (leads V, and V>) and marked anterior T wave in- 
versions were seen. After aortocoronary bypass (right tracings), no 
new Q waves appeared and the patient did well. 


patients had epicardial Q waves. In one, Q waves were 


recorded over the lateral epicardial surface before by- 
pass grafting (Fig. 2). The second patient had shown 
inferior lead ST-T wave changes with atrioventricular 
block preoperatively. At operation, epicardial inferior 
wall Q waves were recorded before bypass (Fig. 3). 
Histopathologic-electrographic correlation: In 


- seven patients, biopsy specimens were obtained from 


the ischemic area demonstrating uniform initial epi- 
cardial R waves. All specimens had histologically normal 


myocardium without evidence of fibrosis or necrosis. 
= Postoperative surface electrocardiographic 
- observations: Eighteen of the 19 patients who were 


discharged had no new Q waves (Fig. 4). One of the 19 
(Fig. 5) showed new Q waves in the postoperative sur- 


-. face electrocardiogram reflecting the inferior ventricular 
. surface. These Q waves had been detected in epicardial 


recordings before bypass (Fig. 3) and were associated 


- with new inferior S-T elevations and reciprocal S-T 
— depression (Fig. 5). 


Two patients died. One, who demonstrated epicardial 


— Q waves before bypass (Fig. 2), died intraoperatively 


from “pump failure." The other, who showed no Q 
waves in the intraoperative epicardial electrogram (Fig. 


- 1) or the postoperative surface electrocardiogram (Fig. 
6), died on the 4th postoperative day. Postmortem ex- 


amination revealed evidence of an acute myocardial 
infarction less than 24 hours old (Fig. 7) with no evi- 
dence of infarction of a longer duration. 

| Discussion 


Experimental studies have shown that S- T and T 


c: -——:—4 - - ene = ee » Vo, T SA SS SF 
EEEREN UY RR Pe TES SCENE MC SEE 
` | D Nx" "ot 
~ = 


PREP Ne ee aa ETE SS ETAZ Ei ele. eee 
) (nup 9, ML , y 1 ; A 


2 HRS. POST BYPASS 


24 HRS. POST BYPASS 
li Iil 
aVL aVF 


aVR 





coronary bypass (left tracings) revealed a new Q wave (0.04 second 
in duration) in lead aVF with associated S-T elevation and reciprocal 
S-T depression in leads | and aVL. Twenty-two hours later (right trac- 
ings) Q waves persisted after partial resolution of the ST-T wave 
changes. 


are reversible if reperfusion is performed early.!6 If 
coronary occlusion is maintained, epicardial Q waves 
appear over the ischemic area in addition to the ST-T 
wave changes.!" Moreover, such Q waves are recorded 
both from the central ischemic area and from peripheral 
areas shown by histopathologic examination to have 
infarction localized to the subendocardial layer.!? 
However, Prinzmetal et al.!5 presented pathologic evi- 
dence that subendocardial infarction may be seen with 
ST-T wave changes in the absence of epicardial Q 
waves. 

Recent experimental studies!?2? have shed further 
light on this issue. Durrer et al.!? performed a correlative 
study involving epicardial electrograms and histo- 
pathologic examination of a series of dogs after coronary 
ligation. Subendocardial infarctions involving even less 
than 25 percent of the ventricular wall thickness were 
invariably associated with pathologic epicardial Q 
waves. In a similar study, Daniel et al.2° confirmed these 
findings. 

Significance of new Q waves in epicardial versus 
surface electrocardiogram: Our present study in man 
indicates that active, persistent ST-T wave changes in 
the surface electrocardiogram occurring in patients with 
the intermediate coronary syndrome are not associated 
with epicardial Q waves from the left ventricle in 90 
percent of cases. This finding suggests that the surface 
electrocardiogram is a relatively specific means of de- 
tecting new local Q waves in such patients. These ob- 
servations differ from results of our previous study? in 
which we found that 30 percent of patients with stable 
angina pectoris manifested epicardial Q waves without 
associated Q waves in the surface electrocardiogram. 
The finding of histologically normal myocardium in, 
transmural biopsy specimens from “ischemic” areas 


, wave abnormalities developing after coronary occlusion 


Bis gata AUN 
IS: 


56  FebruaryH977 Jhe American Journal of CARDIOLOGY Volume 39 ma 0 





FIGURE 6 (above). Same patient as in Figure 1. Electro- 
cardiogram reveals neither new Q waves nor loss of the R 
wave on the 4th postoperative day. 


FIGURE 7 (right). Same patient. Myocardial biopsy specimen 
showing acute hemorrhagic perfusion between intact myo- 
cardial fibers. (Hematoxylin-eosin X100, reduced by 28 
percent.) 


demonstrating epicardial R waves as well as the absence 
of changes indicative of preoperative myocardial in- 
- farction in one patient who died support the utility of 
epicardial R waves in confirming the absence of a sig- 
nificant new infarction. 

'The Q waves observed on the epicardial surface of two 
patients before bypass grafting in the absence of pre- 
operative surface electrocardiographic Q waves are of 
interest, particularly since one patient had “new” 
waves postoperatively in the surface tracing (Fig. 5). 
Several reports have indicated that new Q waves appear 
in a significant number of patients in the perioperative 
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period.?'-?4 In this context the fact that epicardial Q 
waves were seen in these two patients before bypass 
suggests that at least some new postoperative electro- 
cardiogram Q waves may not be related entirely to in- 
traoperative factors and may instead reflect extension 
of the infarct perioperatively, thus enabling it to be 
detected in the surface electrocardiogram. 
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Continuing Disease Process of Calcific Aortic Stenosis 


Role of Microthrombi and Turbulent Flow 


PAUL D. STEIN, MD, FACC Microthrombi with evidence of organization were observed in 10 of 19 | 
HANI N. SABBAH calcified and stenotic aortic valves (53 percent). The organization that - 
JAN V. PITHA, MD, PhD results from such thrombi may contribute to the deformity of the valve. 


Repetitive deposits of microthrombi, followed by organization and calci- 
fication, would explain the continuous process of stenosis in previously | 
deformed aortic valves. The formation of such thrombi may be initiated 
by turbulent flow and other fluid dynamic factors. 


Oklahoma City, Oklahoma 


The cause of continuing deformity and progressive narrowing of stenotic 
aortic valves is undetermined. Whether the deformity is of congenital, 
rheumatic or idiopathic origin, a continuing disease process may occur 
that results in increasing deformity, calcification and stenosis. It has been 
suggested, on the basis of studies primarily of the mitral valve, that 
thickening of previously diseased valves may result from the repetitive 
deposition of fibrin.!:2 Fibrin has been observed in 70 to 94 percent of 
mitral valves with disease of rheumatic origin? and in 80 percent of, 
diseased aortic valves.? Such deposits may result in organization and, 
as the process is repeated, in increasing thickening and distortion of the 
normal valve architecture.! The comparable, if not identical, lesions of 
nonbacterial thrombotic endocarditis are thought to contribute to valve 
deformities in this manner.? In this study we explored evidence for this 
process in aortic stenosis, examining mechanisms, particularly turbulent 
blood flow, that may initiate the repetitive deposition of thrombi. 


Methods 


The aortic valves of 19 patients with calcific aortic stenosis were examined 
for evidence of thrombi upon the valve surface. Seventeen valves had been 
surgically resected and examined retrospectively. Two valves, from patients who 
underwent autopsy, were studied prospectively. All 17 patients who underwent 
valve replacement showed mild to heavy deposits of calcium in the region of the 
aortic valve during image intensification fluoroscopy. The fluoroscopic ap- 
pearance of the valves of the patients who underwent autopsy is not known. The 
patients ranged in age from 39 to 71 years. Four had a history suggestive of 
rheumatic fever. Six had evidence of mitral valve disease (four with mild to 
moderate mitral regurgitation, and two with mitral stenosis). Nine patients (47 

From the Department of Medicine and Pathology, percent) had no history of rheumatic fever or evidence of mitral valve disease 
: elata Oklahoma College of Medicine and at cardiac catheterization. Thirteen patients had cineaortographic evidence of 
M ay ener anine HOSPITAL, Oklahoma City, aortic regurgitation in association with the aortic stenosis. A peak pressure 
| ahoma. Manuscript received June 1, 1976; ^ ; : 
y" revised manuscript received July 19, 1976, ac- gradient of 20 to 110 mm Hg (mean 71 mm Hg) was measured in the patients 
cepted July 21, 1976. who underwent valve replacement. 
Address for reprints: Paul D. Stein, MD, Henry One to three portions of the valves were arbitrarily selected for microscopic 
Ford Hospital, 2799 West Grand Blvd., Detroit, examination. Tissue was stained with hematoxylin-eosin and with phos- 
.Michigan 48202. photungstic acid-hematoxylin.* 
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Results 


Ten patients (53 percent) had evidence of thrombi 
of microscopic size on the surface of the aortic valve 
(Fig. 1 to 4). In one of these patients, the thrombi were 
visible grossly. Fibrin showed various degrees of hy- 
alinization. Small clumps of platelets surrounded by 
fibrin were identified on the surface of one valve. In six 
patients erythrocytes and occasionally leukocytes were 
enmeshed within the fibrin. Fibrin with no identifiable 
red cells or platelets was found in two patients. Orga- 
nization of thrombi characterized by the presence of 
mesenchymal cells in the thrombi was noted in five 
patients. Occasionally the mesenchymal cells appeaied 
more numerous near the surface, an appearance that 
suggests organization from the lumen. Some micro- 
scopic thrombi at the surface were partially surrounded 
by cell connective tissue, whereas the base was heavily 
calcified and essentially acellular. A thin layer of fibrous 
tissue usually intervened between the surface and cal- 
cified mass (Fig. 2B). Occasionally there was a focal thin 
layer of cell connective tissue on the surface with no 
obvious relation to the calcified fragments or thrombi 
(Fig. 4B). 

All of the patients showed some degree of fibrosis of 
the valve and marked calcification. The calcified foci 
usually showed distinct borders in the adjacent dense 
i o | fibrous tissue. In some cases, calcification faded into 
FIGURE 1. Focally calcified and moderately stenotic aortic valve of almost acellular fibrous tissue. In three patients, the 


somewhat atypical appearance. Thrombi (arrows) and areas of cal- calcified foci contained cartilage or bone. 
cification (c) are shown. 
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FIGURE 2. Same case. A, thrombi (arrows) are shown and areas of calcification (c) 
beneath the valve surface. B, ingrowth of fibroblasts into the base of the thrombus 
at point of attachment to valve surface. (Hematoxylin-eosin X25 (A) and X 160 (B), 
reduced by 39 percent.) 
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Discussion 


Mechanisms of valve fibrosis, deformity and 
calcification: Preexisting disease may set the stage for 
calcific changes that cause further rigidity of the valve 
leaflets and consequent obstruction of the valve. In the 
calcified stenotic aortic valve, rheumatic endocarditis 
may contribute to obliteration of the commissures by 
adherence between cusps, and the result may be a nar- 
rowed tricuspid or acquired bicuspid valve.? Some pa- 
tients with calcific aortic stenosis have signs of rheu- 
matic endocarditis, whereas others have a congenitally 
bicuspid valve.? In many patients, the initial cause of 
calcification is unknown. Some investigators? believe 
that a bicuspid valve, irrespective of the cause, is re- 
sponsible for the resultant fibrosis, deformity and cal- 
cification. A bicuspid valve, although not itself signifi- 
cantly stenotic, has restraints that prevent it from 
opening freely; normal valves have no such restraints.? 
'The mechanism of continuing stenosis of mildly stenotic 
valves, whether bicuspid or tricuspid, is the focus of this 
study. It has been proposed that tension upon the two 
cusps imposed by the restraints during ventricular 
systole may be considered traumatic and therefore 
productive of degenerative changes.? It has also been 
proposed that abnormal contact of leaflets of nonuni- 
form length is a traumatic event that may lead to fi- 
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FIGURE 3. Heavily calcified, tightly stenotic aortic valve. No thrombi 
are apparent on the surface of the valve. 
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FIGURE 4. Same case. A, thrombi (T) located in crevice between area 
of heavily calcified tissue (C). The presence of mesenchymal cells is 
suggestive of organization. B, old hyalinized thrombus (T) surrounded 
by fibrous tissue suggestive of organization at valve surface. (Hema- 
toxylin-eosin X30 (A) and X 140 (B), reduced by 33 percent.) 
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brosis and dystrophic calcification. We propose that 
a valve with mild stenosis of any origin causes turbulent 
blood flow as a result of incomplete opening. Turbulent 
flow, through its effect upon cell elements in the blood, 


-— may repetitively produce microthrombi that organize 


and contribute to the deformity that leads to calcific 
aortic stenosis. 

In our study, fibrin deposits upon the surface of dis- 
eased aortic valves occurred frequently enough to per- 
mit their detection on routine microscopic examination. 
These deposits appear to represent thrombi in various 
states of organization. Endothelialization, fibroblastic 
proliferation and fibrosis are known to occur with 
thrombotic deposits.’ Lesions virtually identical to 
thrombi have previously been observed grossly on the 
surface of valves and termed nonbacterial thrombotic 
endocarditis.’ | 

Possible mechanisms of deposition of micro- 


-~ thrombi (turbulent flow): The following observations 


lead us to believe that the nature of flow in the region 
of even mildly stenotic aortic valves—specifically, tur- 
bulent flow—causes sequential deposits of thrombi on 
the valve surface that organize and cause further valve 
thickening, deformation and calcification productive 
of severe stenosis. Turbulent blood flow in shunts in 
dogs has produced thrombi, and the amount of 
thrombus produced has been related to the intensity of 
turbulence.? Turbulent blood flow has occurred in pa- 
tients in the region of a stenotic aortic valve.!° Although 


. turbulent flow of low intensity occurs with a normal 


valve, particularly during a state of increased cardiac 


= - output, the intensity of turbulence was found to be 


considerably greater in the jet distal to stenotic valves.!? 
Turbulent flow was measured in patients in the region 


_ of a mildly stenotic and regurgitant aortic valve.!? Bi- 


cuspid valves, even though not significantly stenotic, 
have certain restraints from opening freely,? and any 
narrowing or irregularity of the orifice would contribute 
to turbulent flow. 
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Lysis of erythrocytes and fragmentation occur in 
some patients with aortic stenosis.!^!? Because shear 
stress in turbulent jets is large as a result of additional 
Reynolds stresses,!? it is likely that the cell damage 
occurs largely because of the high shear stresses in the 
jet. Small concentrations of adenosine diphosphate 
(ADP) released from the erythrocytes can produce 
platelet aggregation.!^ Partial thromboplastin may also 
be released from damaged red cells, thereby activating 
prothrombin to thrombin.'* This event would allow the 
platelet aggregates to become irreversible.!^ Release of 
the content of red cells is found to occur even with 
sublethal erythrocytic hemolysis.!° Thus, coincident 
with the mechanical damage productive of erythrocytic 
destruction in aortic stenosis is the release of factors 
that can produce irreversible platelet aggregation. 

Once clotting mechanisms are activated, cell ele- 
ments may be brought into contact with the arterial 
surface of the aortic valve by three different mecha- 
nisms (Fig. 5): (1) Aggregates of blood elements may be 
carried to the surface of the aortic valve by the normal 
backflow of blood that occurs at the end of systole; (2) 
thrombi may be carried to the valve surface and de- 
posited as a result of aortic insufficiency, which is usu- 
ally associated with aortic stenosis; and (3) thrombi may 
be deposited upon the valve surface by captured anular 
eddies that occur because of the presence of a bounded 
jet. The increased adhesiveness of the platelets due to 
ADP would tend to permit them to adhere to the valve 
surface. Because the valve surface is frequently abnor- 
mal, the interaction that occurs as a result of contact of 
the cells with the valve surface would enhance hemolysis 
and deposition, thereby contributing to platelet 
agglutination. !® 

The pattern of flow in the region of a stenotic valve 
is comparable with that of flow in a circular conduit with 
an extension. Such flow is composed of a mainstream 
that has generated an anular eddy between itself and 
the walls and has reached a dynamic equilibrium that 
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FIGURE 5. Characteristics of flow 
in the region of the aortic valve 
during systole (left) and diastole 
(right). A turbulent jet occurs above 
the valve during systole. Captured 
anular eddies exist in proximity to 
the valve and sinuses of Valsalva. 
A jet would tend to form on the 
ventricular side of the valves during 
diastole and smaller eddies would 
occur on the undersurface of the 
leaflets. | 
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keeps the eddy stationary and captive between the flow 
that drives it and the walls that tend to slow it down.!? 
Anular eddies are fed by the mainstream of flow and 
therefore may contain elements from the blood that 
have been altered by the turbulent jet and the associ- 
ated high shear stresses. Because of the location of the 
anular eddies there is a prolonged interaction of the 
blood elements with the valve, thus enhancing the de- 
position of these elements on the valve leaflets. 

Deposition of thrombi on the ventricular surface of 
the aortic valve may result from eddies that occur dur- 
ing diastole in patients with combined aortic stenosis 
and aortic insufficiency (Fig. 5). Calcification occurs 
more often on the aortic side of the aortic valve than on 
the ventricular surface, although both surfaces fre- 
quently are involved.!? 

In conclusion, microthrombi were frequently ob- 
served on the surface of calcific and stenotic valves. We 
postulate that the repetitive deposition and organiza- 
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tion of such thrombi may be an important cause of the 
continuing process of stenosis of previously deformed 
aortic valves. Turbulent blood flow would be expected 
in the region of even mildly stenotic aortic valves. He- 
molysis occurs in patients with aortic stenosis and is 
thought to be caused by mechanical effects related to 
turbulence. Sublethal hemolysis would cause the release 
of small amounts of adenosine diphosphate that pro- 
duce platelet aggregation. Partial thromboplastin, also 
released by red cells, would form thrombin, thereby 
causing the aggregates to be irreversible. The hydro- 
dynamic patterns of flow in the region of the aortic 
valve, including normal reversed flow, regurgitant flow 
(with aortic insufficiency) and captive anular eddies 
(with aortic stenosis), would cause various elements in 
the blood to interact with the valve surface and become 
deposited as a result of their increased adhesiveness. 
Abnormal valve surfaces would further enhance the 
deposition of platelets. 
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-. Congenital Bicuspid Aortic Valve After Age 20 
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| JOHN J. FENOGLIO, Jr., MAJ, MC, MD The bicuspid aortic valve is recognized as a frequent cause of aortic 
E HUGH A. MCALLISTER, Jr., LTC, MC, stenosis in adults. Aortic stenosis has been reported to occur in as many 
|... MD, FACC as 72 percent of adults with a congenital bicuspid aortic valve, with peak 
A CARLOS M. DeCASTRO, COL, MC, incidence occurring in the 5th and 6th decades of life. Review of the 
m EL Apad AU DM UE clinical records of 152 patients aged 20 years and older found to have a 
MELVIN D. CHEITLIN MD E ACC bicuspid aortic valve at autopsy revealed aortic stenosis in only 28 per- 
Eb. Tre cent. The incidence of aortic stenosis increased progressively with age; 
a - Washington, D, C. 46 percent of patients over age 50 years and 73 percent over age 70 years 
.. San Francisco, California had some degree of stenosis. The stenotic valves were obstructed by 
de nodular, calcareous masses but commissural fusion was present in only 
P eight cases. The largest group of patients in the series (40 percent) died 
Y of infective endocarditis; 77 percent of these were under age 50 years. 
2E Primary aortic regurgitation without infective endocarditis was uncommon. 
3 Thirty-two percent of the patients in this series had an apparently normally 
ist functioning aortic valve, and this rate remained relatively constant with 
Re increasing age; 37 percent of patients over age 50 years and 27 percent 
CN ! over age 70 years had an apparently normal valve. The bicuspid aortic 
ai valve in patients over age 20 does not invariably become stenotic or in- 
Y^ sufficient. 

; 

R | Although the congenital bicuspid aortic valve is probably the most 
E common congenital malformation, occurring in approximately 2 percent 
ts: | of the general population,! most reports of this anomaly are included 
; in reviews of infective endocarditis,?? aortic stenosis^-? and associated 
he. congenital anomalies.?:!° Osler!!:!2 reported the incidence of this anomaly 
PONE in a consecutive autopsy series and, although the bicuspid aortic valve 
m was reportedly not deformed in 50 percent of his cases, he apparently 
Feet did not recognize that such a valve could become stenotic. The only ex- 
S tensive review of the congenital bicuspid aortic valve! stressed the im- 
SA portance of aortic stenosis as a complication. Thus, the published reports 
E suggest that the congenital bicuspid aortic valve is rarely functionally 
be normal and is invariably stenotic or involved with endocarditis. Un- 
ue questionably, the congenital bicuspid aortic valve is more frequently 
(From the Department of Cardiovascular Pathology, stenotic®!3 than the normal tricuspid aortic valve; however, the reported 
Do iid i rE eais Was Heed Army frequency of stenosis in patients with a bicuspid aortic valve appears to 
E. Medical Center, Washington, D. C.; the Cardio- be unduly high. 

. . Vascular Research Institute, University of Cali- The material available at the Armed Forces Institute of Pathology 
. .. fornia, San Francisco; and the Cardiology Service, includes a large group of both functionally normal and diseased con- 
ht EU ac Eia qiiis Alea: JA a Ea, genital bicuspid aortic valves. This report correlates the clinical and 
E! herein are the A gla idus GF the méhicrit and ale pathologic findings in this group while attempting to limit the bias in- 
E . not to be construed as official or as reflecting the herent in such a study. 


_ views of the Department of the Army or of the 

— Department of Defense. Manuscript received May 

. 21, 1976; revised manuscript received August 5, 
1976, accepted September 10, 1976. 

Address for reprints: John J. Fenoglio, Jr., MAJ, 
MC, Department of Cardiovascular Pathology, 
Armed Forces Institute of Pathology, Washington, 
D. C. 20306. 


Materials and Methods e 


'The anatomic description of the bicuspid aortic valve and the basis for dis- 
tinction between acquired and congenital bicuspid aortic valves are well docu- 
mented.!:!4+-16 We have made no attempt to repeat these studies and are not able 
to estimate the incidence of the congenital bicuspid aortic valve in the general 
population. ; 
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Criteria for diagnosis of bicuspid aortic valve: The files 
of the Armed Forces Institute of Pathology, which include case 
material from military, Veterans Administration and civilian 
sources, were searched for all patients aged 20 years or older 
having a congenital bicuspid aortic valve or isolated aortic 
stenosis. Isolated aortic stenosis was included in the search 
in an attempt to find all bicuspid aortic valves. Only autopsy 
cases with intact aortic valves and complete autopsy protocols 
and clinical summaries were used. The aortic valve was eval- 
uated with the criteria outlined by Roberts! to distinguish 
acquired from congenital bicuspid aortic valves. Briefly, in the 
congenital bicuspid aortic valve the circumferential distance 
between the two true commissures is equal or nearly equal 
around both cusps, whereas in the acquired bicuspid valve the 
circumferential distance between the two free commissures 
is disproportionate and is almost twice as great around the 
cusp with the fused commissure. The fused commissure can 
also be distinguished from a raphe, which is frequently present 
in one of the cusps of the congenital bicuspid aortic valve. The 
fused commissure is wide, often with discernible distal mar- 
gins, and the margin of the commissure against the wall of the 
aorta is on the same horizontal level as the nonfused com- 
missures. In contrast, the raphe is narrow, usually does not 
extend to the free margin of the cusp, and its attachment to 
the wall of the aorta is below the horizontal plane of the at- 
tachments of the true commissures. 

Case material: The gross heart was available for review in 
42 cases, and either the isolated aortic valve or photographs 
of the aortic valve were available in 43. In an additional 67 
cases the autopsy description of the aortic valve was complete 
and judged acceptable or the valve had previously been 
evaluated by a member of the Department of Cardiovascular 
Pathology. In all, 152 patients with a congenital bicuspid 
aortic valve were included in this study. 

Clinical classification of aortic valve functional state: 
After the cases were selected on the basis of presence of a 
congenital bicuspid aortic valve, the cardiologists in our group 
reviewed the clinical records independently of the anatomic 
findings. In each case the clinical record included the aus- 
cultatory findings, measurements and descriptions of pulse 
and blood pressure, descriptions of the chest roentgenograms 
and, usually, interpretations of the electrocardiograms. The 
functional status of the aortic valve was determined from the 
clinical protocol. Hemodynamic data, such as cardiac cathe- 
terization data, and phonocardiograms and echocardiograms 
were not available in most cases (our series encompassed the 
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years 1940 to 1970). Aortic stenosis was judged present pri- 
marily on the basis of a systolic ejection murmur maximal at . 
the base of the heart with radiation into the neck. The pres- 
ence of a decrescendo diastolic murmur beginning with the 
second heart sound and of maximal intensity along the left 
sternal border in the absence of a long systolic ejection mur- 
mur of the aortic stenosis type was considered evidence of 
isolated aortic regurgitation. Diastolic blood pressure of less — 
than 60 mm Hg and a widened pulse pressure were considered 
further evidence of isolated aortic insufficiency. Patients 
without cardiac murmurs of aortic valve origin or other signs 
of aortic valve disease, such as pulse abnormalities, were 
judged to have a functionally normal bicuspid aortic valve. 
The patients were then classified into three groups: group 
I, aortic stenosis with or without aortic insufficiency; group 
II, isolated aortic insufficiency; and group III, functionally _ 
normal valve. The clinical evaluations were then correlated — 
with the anatomic findings. | 


Results 


The anatomic cause of death in the 152 patients with . 
a congenital bicuspid aortic valve is summarized in . 
Table I. The clinical and anatomic findings are corre- 
lated in Table II. Although assessment of the functional 
status of the bicuspid aortic valve was based solely on - 
the clinical variables available, the correlation with the — 
anatomic findings was excellent. In the 43 patients with 
clinical aortic stenosis (group I), the valve cusps were 
either calcified or rigid and immobile. This finding, 
together with the increased heart weight in this group, | 
suggests aortic stenosis, although this diagnosis cannot 
be made solely from anatomic findings. None of the 
patients judged clinically to have isolated aortic insuf- ` 
ficiency (group II) or a functionally normal bicuspid 
valve (group III) had massive aortic valve calcification. 
The majority of patients in group II had a greatly in- 
creased heart weight, dilated ascending aorta and per- — 
forated aortic valve cusps, whereas the majority of those 
in group III had a normal heart weight and a bicuspid — 
aortic valve with two thin, pliable cusps nearly equal in 
size. The anatomic evidence in these two groups strongly 
supports the clinical assessment of the functional status 
of the aortic valve. 


Anatomic Cause of Death in 152 Patients Aged 20 to 89 Years With a Congenital Bicuspid Aortic Valve 





Aortic Aortic Infective 
Stenosis* Insufficiencyt Endocarditis 
Age Range —————— c ——— 
(yr) no. 96 no. 96 no. 96 
20—29 2 6 0 21 58 
30—39 2 6 2 6 17 49 
40—49 4 18 2 9 9 41 
50—59 5 20 | 8 32 
60—69 4 21 1# 5 3 16 
70—89 6 40 2 13 
Total 23 15 5 3 60 40 





Coarctation of Dissecting Myocardial 
Aorta + Aneurysm 5 Infarction Noncardiac 4 
—————— ———————— —— Patients 
no. % no. % no. % no. % (no.) 
7 19 2 6 4 11 36 
2 6 1 3 2 6 9 25 35 
1 5 2 9 4 18 22 
1 4 1 4 3 12 7 28 25 
1 5 2 11 8 42 19 
1 7 2 13 4 27 15 
11 7 8 5 9 6 36 24 152 





* Includes patients who died during surgery for valve replacement, patients with congestive heart failure secondary to aortic stenosis, and pa- 


tients who died suddenly and unexpectedly from grossly severe aortic stenosis; 
*includes patients with aortic dissection associated with coarctation as well as patients who died after surgical repair of Col ctatlon, 
patients with dissection not having coarctation, including those with idiopathic cystic medial necrosis and Marfan's syndrome; 


not having clinically detected or clinically significant aortic stenosis; 
causes unrelated to the heart; 
9 
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excludes patients with infective endocarditis and aortic stenosis; 
] comprises 
comprises patients 


{ comprises patients without clinically detected aortic valve disease dying of 
#aortic insufficiency secondary to syphilitic aortitis. 
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Sex distribution is included in Table II for the sake 
of completeness. Our study population, by the nature 
of the Institute, is primarily male, and all results must 
be construed as applying to a male population aged 20 
years and older. However, congenital bicuspid aortic 
valve is most common in men (75! to 78 percent? of all 
reported cases). 


Aortic Stenosis (group I) 


Causes of death: Forty-three patients (28 percent) 
had some degree of aortic stenosis. Each had a loud 
systolic ejection murmur at the base of the heart and 
calcification of the bicuspid aortic valve (Table II). The 
aortic valve or photographs of the aortic valve were 
available in each case and no patient with an aortic valve 
prosthesis was included in this study. The average age 
in this group of patients was 55 years, but 42 percent 
were over age 60 and 73 percent were in the 8th decade 
of life (Table III). Twenty-three of these patients died 
with congestive heart failure or during attempted sur- 


TABLE II 
Clinicopathologic Correlations in 152 Patients Aged 20 to 89 Years With a Congenital Bicuspid Aortic Valve 
A Cardi 
Dh [o Infective yap Valve Coarc- 
Ore pL» LO DUST Sex Endocarditis — —— —— — Calcification Com- tation Heart Weight (g) 
Patients ABFE T VONT ATUS ERI IT aa cake ty RaW Se Dia- 771-7. 21 WSsural- of C 
(no.) Range age M F Active Healed* tolic stolic Massive Focal Fusion Aorta CHD Range Average 
Group |. Aortic Stenosis With or Without Aortic Insufficiency 
3 28—29 28 3 0 0 1 3 3 3 0 0 0 500—600 575 
5 31—38 35 5 0 1 2 5 4 5 ^0 1 0 320—800 552 
8 42—49 45 8 0 2 1 8 3 8 0 1 2 575—900 728 
9 50—58 55 9 0 0 0 9 2 9 0 1 2 QPV, 1 385—800 619 
7 60—66 52 6 1 0 0 7 1 6 1 4 1 560—775 682 
11 70—89 76 9 2 2 0 11 5 8 3 1 0 450—700 557 
(43)  (28—89) (55) (40) (3) (5) (4) (43 (18) (39) (4) (8 (5) (320—900) (603) 7 
Group Il. Isolated Aortic Insufficiency 
23 21—29 23 23 0 9 9 16 21 0 9* 0 6 PDA, 2 340—1000 622 
QPV,1. 
18 31—38 35 18 0 8 7 13 15 0 7* 0 0 VSD, 1 400—1300 654 
10 41—49 45 10 0 4 1 4 10 0 58 0 O0 QPV,1 310—750 581 
6 50—58 53 6 0 5 1 3 6 0 BF: = i 0 380—620 548 
4 62—69 66 4 0 2 1 3 3 0 Ib ^1 0 350—690 541 
(61)  (21—69) (35 (28) (28) (19) (39) (55) (25) (6) (310—1300) (611)! 
Group III. Functionally Normal Aortic Valve 
10 20—24 22 9 1 1 0 24 0 0 0 0 4 VSD, 2 275—420 348 
12 30—39 34 9 3 0 0 0 0 0 1 0 3 PDA, 1 230—480 363 
ASD, 1 
4 40—48 44 2 2 1 0 0 0 0 0 0 0 310—675 533 
10 51—59 56 10 0 2 0 1* 0 0 2 0 0 250—560 385 
8 61—68 64 7 1 Ls" 0 i al | ah 0 2 0 0 200—565 348 
4 70—81 75 4 0 0 0 0 0 0 2 0 0 350—600 456 
(48) (20—81) (48) (41) (7) (5) (4) (1) (7) (7) (200—675) (386)** 
Groups | to III 
152 20—89 44 142 10 38 23 39 36 8 18 10 200—1300 542** 
(9396) (796) (2596) (1596) (26%) (2496) (5%) (12%) 
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gical repair of the stenotic aortic valve. Five patients 
(Table II) had acute infective endocarditis superim- 
posed on a stenotic aortic valve. Four patients had evi- 
dence of healed or healing endocarditis. These four 
patients presented with acute endocarditis and aortic 
insufficiency, and were each hospitalized for a 6 to 12 
month period during which the evidence of aortic ste- 
nosis was first recorded. At autopsy calcific masses re- 
sembling vegetations were noted on both cusps of the 
stenotic bicuspid aortic valve. Four of the remaining 11 
patients died of a dissecting aortic aneurysm (in two 
cases the aneurysm was associated with coarctation of 
the aorta), and 7 patients died of causes unrelated to the 
aortic valve. 

Valve calcification: More than 90 percent (39 of 43) 
of the patients with aortic stenosis had massive calci- 
fication of the aortic valve (Fig. 1A). Classically the 
calcific deposits were heaped up in nodular vegetative 
fashion at the base of the cusp in the sinus of Valsalva 
and extended to, but frequently did not involve, the free 


*Patients in whom an infectious agent could not be identified on the aortic valve or patients with clinical and anatomic stigmata of endocar- 


ditis. 


T Based on 39 hearts; *all calcifications in active and healing bacterial vegetations; 8 calcification in bacterial vegetations in two cases; |!based on 
59 hearts; * diagnosed clinically as ventricular septal defect; *assessed as a functional murmur in a hypertensive patient; **patient with infective 


endocarditis of the mitral valve and murmurs of mitral insufficiency, aortic valve not involved; **based on 42 hearts; 


based on 140 hearts. 


Figures in parentheses indicate group totals. ASD = atrial septal defect, secundum type; CHD = congenital heart disease other than coarcta- 
tion; PDA = patent ductus arteriosus; OPV = quadricuspid pulmonary valve; VSD = ventricular septal defect. 
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edge of the valve cusp. These calcific deposits projected 
above the surface of the valve cusp and often deformed 
the cusp. In addition, there were foci of calcification and 
extensive fibrosis within the substance of the cusp. The 
valve cusps were held rigidly in place, and the orifice of 
the aortic valve was effectively narrowed by the calcific 
masses. In eight (21 percent) of these 39 patients there 
was some degree of commissural fusion, usually in- 
volving only one commissure and extensive in only two 
patients. 

The valve cusps in the remaining four patients with 
aortic stenosis were fixed and thickened, and, although 
the cusps were immobile and focally calcified, there was 
no evidence of calcific masses or commissural fusion 
(Fig. 1B). The foci of calcification were entirely within 
the substance of the valve cusp, primarily within the 
fibrosa, and did not project above the surface of the 
valve. These four patients were over age 60 years. 

The three patients with aortic stenosis who were 
under age 30 years had calcific masses obstructing the 
orifice of the valve without evidence of commissural 
fusion. 

The average heart weight in the group with aortic 
stenosis was 603 g. Only two patients, both women, had 
a heart that weighed less than 400 g. 


Aortic Insufficiency (group Il) 


Sixty-one (40 percent) of the patients in our series 
had isolated aortic insufficiency. Although 39 patients 
in this group had systolic murmurs, the murmurs were 
either apical in location or, when located over the base 
of the heart, were of short duration and were not diag- 
nostic of calcific aortic stenosis. Anatomically none of 
these 39 patients had evidence of aortic stenosis. 

Etiology: The average age of patients with aortic 
insufficiency was 35 years, and no patient was over age 
70. Sixty-four percent of patients in the 3rd decade and 
51 percent of those in the 4th decade of life had aortic 
insufficiency (Table III). Regurgitation was secondary 
to endocarditis in 47 (77 percent). Forty-two of the 47 
with endocarditis had no murmur until the infective 
endocarditis developed; the remaining 5 had a history 
of a cardiac murmur during childhood although no 
murmur was noted subsequently. 


FIGURE 1. Stenotic bicuspid aortic 
valves. A, with nodular, vegetative 
calcium. A raphe is indicated by the 
arrow. Note the free edge of the 
aortic cusp on the right. B, with 
markedly thickened and immobile 
cusps but without calcific mass- 
es. 
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TABLE III 


Distribution by Decade of Aortic Stenosis, Isolated Aortic 
Insufficiency and Functionally Normal Aortic Valve in 
152 Patients 


Patients 
With Isolated With 

With Aortic Aortic Functionally 

Stenosis Insufficiency Normal Valve 
Decade  Totalno. no. 96 no. 96 no. % 
20—29 36 3 8 23 64 10 28 
30—39 35 5 14 18 52 12 34 
40—49 22 8 36 10 46 4 18 
50—59 25 9 36 6 24 10 40 
60—69 19 7 37 4 21 8 42 
>70 15 11 73 0 4 27 
Total 152 43 28 61 40 48 32 


Four patients (Table I) had pure aortic insufficiency 
without evidence of endocarditis. All had a long history 
(up to 18 years) of aortic insufficiency and died as a re- 
sult of protracted congestive heart failure. At autopsy 
the aortic valve anulus was dilated, but the aortic cusps 
were pliable and normal in appearance. The heart was 
enlarged (weighing up to 1,000 g) but no anatomic lesion 
other than a bicuspid aortic valve was identified. The 
aortic valve insufficiency was presumed to be secondary 
to the congenital bicuspid aortic valve. 

Aortic insufficiency was associated with aneurysmal 
dilatation of the ascending aorta in 10 additional pa- 
tients; 6 had coarctation of the aorta, one had syphilitic 
aortitis and 3 had cystic medial degeneration (with or 
without Marfan’s syndrome) and a dissecting aneurysm 
of the ascending aorta. 

Valve calcification: The aortic valve was focally 
calcified in 25 patients with aortic insufficiency (Table 
II). In the valves involved by endocarditis the foci of 
calcification were located in the valve vegetations, often 
in association with bacteria, or at sites of healing ul- 
cerations or perforations of the cusps. The foci of cal- 
cifications were small, and calcified nodular masses were 
not present. Three patients without endocarditis had: 
slightly thickened cusps with foci of calcification at the 
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FIGURE 2. Normal congenital bicuspid aortic valve from a 55 year old 


— man who died of metastatic pancreatic carcinoma. The valve cusps 
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are thin and pliable. 


base of each cusp. These cusps were freely movable, and 


the orifice of the aortic valve did not appear stenotic. 


The average heart weight in the group with isolated 
aortic insufficiency was 611 g. In eight patients the heart 
weighed less than 400 g. These eight patients all had 
infective endocarditis and died within 2 weeks of the 
onset of symptoms. 


Functionally Normal Bicuspid Aortic Valve (group lll) 


Clinically, 48 patients (32 percent) had a functionally 
normal valve, and none of these patients had evidence 
of aortic valve disease, although infective endocarditis 
of the aortic valve was found at autopsy in 4. Murmurs 


. unrelated to the aortic valve (Table II) were noted in 4 
- patients, but the remaining 44 had no murmur or ab- 


normal pulse. The possibility of silent aortic regurgi- 
tation was considered, but the anatomic evidence, 
especially the generally normal heart weight, did not 
support this assumption. 

Anatomic status of valve: The patients with a 


functionally normal valve had an average age of 48 


years, and were approximately equally distributed in 
all decades of life (Table III). The four patients with 
infective endocarditis without clinical symptoms died 


of peripheral embolic complications. The remaining 44 


(29 percent) had a nondeformed bicuspid aortic valve. 


-. Of these, seven had focal calcification at the base of at 
least one aortic cusp, but the cusps were pliable and 


freely movable and there was no evidence of commis- 


sural fusion or stenosis (Fig. 2). These focal areas of 


calcification were palpable within the valve itself but 
did not project above the surface of the valve cusp. 
Causes of death: Seventeen patients in this group 


-= died of cardiac-related problems (acute myocardial 


infarction and ruptured dissecting aortic aneurysm) or 
during surgical repair of coarctation of the aorta. None 
had clinical or anatomic evidence of aortic valve dys- 
function. The congenital bicuspid aortic valve was a 
fortuitous finding in the remaining 27 patients. 
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The average heart weight in this group was 386 g. In 
nine patients the heart weighed more than 450 g, but all 
these patients had essential hypertension or athero- 
sclerotic cardiovascular disease, or both. 


Associated Congenital Cardiovascular Anomalies 


Associated congenital cardiac malformations were 
present in 24 patients (15 percent). All patients with 
patent ductus arteriosus and one with a ventricular 
septal defect also had coarctation of the aorta (Table II). 
Three patients had a quadricuspid pulmonary valve. No 
mitral valve anomalies were found. 


Discussion 


Either aortic stenosis or insufficiency developed in 
approximately two thirds of the patients in our series, 
but aortic insufficiency (40 percent of patients), pri- 
marily secondary to endocarditis, was more common 
than aortic stenosis (28 percent of patients). In Roberts’ 
series! 72 percent of the patients had aortic stenosis and 
only 13 percent had isolated aortic regurgitation. The 
statistical differences between these two large series are 
partially explained by differences in study populations, 
one derived from a hospital specializing in cardiac dis- 
eases, with emphasis on valve surgery, and the other 
from a selected military population (that is, the military 
service refuses induction of persons having known 
cardiac disease and discharges those in whom such 
disease develops). Although many discharged personnel 
are subsequently followed up in Veterans’ Adminis- 
tration facilities and their autopsy material is eventually 
seen at the Institute, some are lost to follow-up. 

Incidence of aortic stenosis: Because only 39 per- 
cent of our patients were over age 50 years, and the in- 
cidence of aortic stenosis in patients with a bicuspid 
aortic valve increases with age, our overall incidence rate 
of aortic stenosis (28 percent) is probably low. Con- 
versely, our overall incidence rate of isolated aortic in- 
sufficiency associated with the bicuspid aortic valve (40 
percent) is probably high. 

In spite of the bias of our case material against aortic 
stenosis, our statistics still suggest that (1) stenosis of 
a congenital bicuspid aortic valve is less frequent than 
previously suspected and (2) the incidence of stenosis 
increases with age. Only 43 patients (28 percent) in this 
series manifested any degree of stenosis. Although the 
overall incidence rate was only 28 percent, the incidence 
figures by decades (Table III) clearly illustrate that 53 
percent of the 152 patients in this series past age 60 and 
73 percent of those past age 70 had aortic stenosis. 
Furthermore, of all patients with aortic stenosis, 63 
percent were over age 50 years, although only 39 percent 


of the total number of patients in our study were past 


this age. The stenotic bicuspid aortic valve is primarily 
a disease of the elderly, as is isolated stenosis of the 
tricuspid aortic valve.!? 

Stenosis in the majority of our patients was secondary 
to obstruction of the aortic valve outflow by nodular 
vegetative masses of calcific material without commis- 
sural fusion. The mechanism for development of these 
calcific masses on the aortic side of the valve cusps is 
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unknown. The prevailing theory is that aortic calcifi- 
cation and stenosis are secondary to a mechanical wear 
and tear phenomenon, both in bicuspid!? and tricuspid 
aortic valves.!? In the tricuspid aortic valve, changes 
caused by aging are similarly ascribed to mechanical 
wear and tear and are characterized by fibrous thick- 
ening of the aortic valve cusp with associated calcifi- 
cation within the fibrosa of the valve cusp and anu- 
lus.18-20 The thickened fibrotic and calcified cusps 
without nodular calcification observed in 4 of our pa- 
tients with aortic stenosis appear to us consistent with 
such mechanical wear and tear. The nodular vegetative 
calcific masses that project above the surface of the 
valve cusp, found in the majority of our patients with 
aortic stenosis, are unlike aging changes ascribed to 
mechanical wear and tear and are more extensive than 
the calcific deposits seen in patients with rheumatic 
involvement of the aortic valve.?! Four patients with 
. aortic stenosis and calcific nodular deposits manifested 


adults (average age 35 years). Aortic insufficiency was 
not common in patients with a bicuspid aortic valve in 
the absence of infective endocarditis, coarctation of the 
aorta or disease of the ascending aorta. Only four pa- 
tients in our series had aortic regurgitation that could. 
be attributed to an insufficient, but otherwise uncom- . 
plicated, bicuspid aortic valve of the type described by 
Edwards.!° 

It is also apparent from our data that after age 20 the 
bicuspid aortic valve is not necessarily either stenotic — 
or the site of endocarditis. In 29 percent of our patients 
the bicuspid aortic valve was both functionally normal — 
and anatomically uncomplicated, and this series in- 
cluded patients in the 8th and 9th decades of life. In 
fact, 37 percent of patients past age 50 and 27 percent . 
of those past age 70 years had an apparently normal . 
bicuspid aortic valve. This contrasts with Roberts’ se- — 
ries! in which only 15 percent of patients had a normal. 
bicuspid aortic valve, the oldest of whom was 59 years. — 


Because a bicuspid aortic valve is more likely to be - 
recognized and recorded when the patients’ clinical and - 
autopsy findings draw attention to the heart, it is - 
probable that many normally functioning bicuspid 
aortic valves have been overlooked. The incidence of the — 


clinically a degree of stenosis within months of an epi- 
| sode of infective endocarditis. Furthermore, in 23 pa- 
T — tients with infective endocarditis, focal calcium deposits 
. . . were present in the vegetations, suggesting a possible 

inflammatory origin of the calcification.?? This finding 


suggests, although it is not proof, that inflammatory 
processes??? may be important in the genesis of aortic 
stenosis in the congenital bicuspid aortic valve. 

The extremely large incidence of infective endocar- 
ditis in patients with a bicuspid aortic valve is well 
known?? and is reaffirmed by our data. In the majority 
of our patients aortic insufficiency was secondary to 
infective endocarditis and occurred primarily in young 


References 


1. Roberts WC: The congenitally bicuspid aortic valve. A study of 85 
autopsy cases. Am J Cardiol 26:72-83, 1970 

2. Lewis T, Grant RT: Observations relating to subacute infective 
endocarditis. Heart 10:21-99, 1923 

3. Grant RT, Wood JE Jr, Jones TD: Heart valve irregularities in 
relation to subacute bacterial endocarditis. Heart 14:247-—255, 
1928 

4. Campbell M, Kauntze R: Congenital aortic valvular stenosis. Br 
Heart J 15:179-194, 1953 . 

5. Bacon APC, Matthews MB: Congenital bicuspid aortic valves and 
the aetiology of isolated aortic valvular stenosis. Q J Med 28: 
545-560, 1959 

6. Campbell M: Calcific aortic stenosis and congenital bicuspid aortic 

valve. Br Heart J 30:606-616, 1968 

7. Fulton MN, Levine SA: Subacute bacterial endocarditis with special 
reference to the valvular lesions and previous history. Am J Med 
Sci 183:60-77, 1932 

8. Bayles TB, Lewis WH Jr: Subacute bacterial endocarditis in older 
patients. Ann Intern Med 13:2154-2163, 1940 

9. Smith DE, Matthews MB: Aortic valvular stenosis with coarctation 
of the aorta with special reference to the development of aortic 
stenosis upon congenital bcuspid valves. Br Heart J 17:198-206, 
1955 

10. Glancy DL, Morrow AG, Roberts WC: Malformations of the aortic 
valve in patients with the tetralogy of Fallot. Am Heart J 76: 
| 755-759, 1968 

11. Osler W: On the condition of fusion of two segments of the semi- 

lunar valves. Montreal Gen Hosp Rep 1:233, 1880 
12. Osler W: The bicuspid condition of the aortic valves. Trans Assoc 
-. Am Physicians 1:185- 192, 1886 


functionally normal congenital bicuspid aortic valve is 
more than likely greater than our statistics indicate. s 


i Me 


Acknowledgment 


We thank Mr. John I. Dexter for his technical assistance ^ 
and Ms. Judith Lawson, whose efforts made this manuscript 
possible. ! 


13. Roberts WC: Anatomically isolated aortic valvular disease. The 
case against its being of rheumatic etiology. Am J Med 49:151- 
159, 1970 tL 

14. Koletsky S: Congenital bicuspid aortic valves. Arch Intern Med 
67:129- 176, 1941 y 

15. Edwards JE: The congenital bicuspid aortic valve. Circulation 
23:485-488, 1961 2 

16. Walter BF, Carter JB, Williams HJ Jr, et al: Bicuspid aortic valve. - 
Comparison of congenital and acquired types. Circulation 48: | 
1140-1150, 1973 

17. Roberts WC, Perloff JK, Costantino T: Severe valvular aortic 
stenosis in patients over 65 years of age. A clinicopathologic study. 
Am J Cardiol 27:497—506, 1971 

18. Sell S, Scully RE: Aging changes in the aortic and mitral valves. 
Am J Pathol 46:345-365, 1965 | 

19. McMillan JB, Lev M: The aging heart. Il. The valves. J Gerontol — 
19:1-14, 1964 

20. Pomerance A: Aging changes in human heart valves. Br Heart J 
29:222-231, 1967 | 

21. Hudson REB: Cardiovascular Pathology, Baltimore, Williams & - 
Wilkins, 1965, p 1037-1049 

22. Libman E: The clinical features of cases of subacute bacterial 
endocarditis that have spontaneously become bacteria-free. Trans - 
Assoc Am Physicians 28:309-322, 1913 ^ 

23. Gallavardin L: Le rétrécissement aortique non rhumatismal. Ré- 
trécissement aortique per ou trés prédominant. J Med Lyon 17: 
593-604, 1936 

24. Burch GE, Colcolough H: Viral valvulitis. Am Heart J 78:119-123, - 
1969 


oa ees . February 1977 The American Journal of CARDIOLQGY.__Vblume 39 169 


. 


Cardiac Shape and Function in Aortic Valve Disease: 
Physiologic and Clinical Implications 


STEPHEN J. FISCHL, MD, FACC 
RICHARD GORLIN, MD, FACC 
MICHAEL V. HERMAN, MD, FACC 


New York, New York 


From the Division of Cardiology, Department of 
Medicine, the Mount Sinai School of Medicine of 
the City University of New York, N. Y. and the 
Mount Sinai Hospital, New York, N. Y. This re- 
search was supported by grant HL 18033-02 from 
the National Heart, Lung, and Blood Institute, Be- 
thesda, Md. and the Heart Research Foundation, 
New York, N. Y. Manuscript received March 19, 
1976; revised manuscript received July 21, 1976, 
accepted July 21, 1976. 

Address for reprints: Michael V. Herman, MD, 
Division of Cardiology, Department of Medicine, 
The Mount Sinai Hospital, Fifth Ave. and 100th St., 
New York, N. Y. 10029. 


Left ventricular shape and function were studied in 12 normal subjects, 
18 patients with pressure overloading secondary to isolated aortic stenosis 
and 20 patients with volume overloading due to aortic regurgitation. 
End-diastolic volumes were mildly increased in aortic stenosis but greatly 
increased in aortic regurgitation. Average ejection fractions were normal 
in aortic stenosis but depressed in aortic regurgitation. Ventricular shape 
(eccentricity), normal (elongated) in nearly all patients with aortic ste- 


“nosis, showed in diastole various degrees of abnormal roundness in pa- 


tients with aortic regurgitation. As ventricular function declined in aortic 
regurgitation, the ventricles also became more round in systole. After valve 
surgery, Clinical results were generally better in patients with aortic ste- 
nosis than in patients with aortic regurgitation. Among the latter, changes 
in eccentricity and ejection fraction were the best predictors of surgical 
outcome. 

It is postulated that chronic volume loading, as exemplified by aortic 
regurgitation, may induce basic alterations in architecture and fiber 
alignment of the left ventricular wall. Such changes may exert significant 
influence on the clinical course of these patients. 


The majority of patients undergoing prosthetic valve replacement for 
the treatment of valvular heart disease enjoy significant clinical im- 
provement after surgery. However, a sizable minority remain totally or 
partially symptomatic, and many show significant residual abnormalities 
of the various indexes of cardiac function. 

This failure to benefit from relief of the hemodynamic burden of valve 
disease has been attributed to factors including technical problems re- 
lated to artificial valve insertion and function, coexisting coronary artery 
disease and residual rheumatic myocardial disease; however, it remains 
unexplained in many cases. 

We have considered the possibility that a chronic hemodynamic load 
might produce long-term changes in the basic architecture and shape 
of the heart that interfere with optimal cardiac performance. It has been 
recognized in recent years that changes in the overall shape of the con- 
tracting left ventricle, as opposed to localized abnormalities of con- 
traction, may appear in association with declining left ventricular 
function.! 

This study evaluates the responses of the human heart to chronic 
pressure and volume overloads with particular attention to the spheri- 
city, or degree of roundness, of the left ventricle. Aortic stenosis was 
chosen as the model of chronic pressure loading and aortic regurgitation 
as the example of chronic volume loading, although it is obvious that 
there is a pressure or afterload factor in aortic regurgitation as well. 


Methods 


Patients: A normal group of 12 subjects underwent diagnostic cardiac cath- 
eterization because of clinical complaints and were found to have no angiographic 
e 


‘40 February 3977. The American Journal of CARDIOLOGY Volume 39 UT 








UT See Se kal ] =y" IE x PTL T ep rP 
a na aai a a ae ee V Ce 





P 


AORTIC 
REGURGITATION 


AORTIC STENOSIS 
PRE-OP POST-OP 





Died PRE-OP POST-OP 


II 


Symptoms of CHF, NYHA classification 





14 : Total number of patients: || 


FIGURE 1. Clinical observations before (PRE-OP) and after (POST-OP) 
aortic valve replacement in patients with aortic stenosis and aortic 
regurgitation. Numbers of patients are indicated for each New York 
Heart Association classification (NYHA) before and after operation. CHF 
= congestive heart failure. 


or hemodynamic abnormalities. The study group comprised 
18 patients with isolated aortic stenosis and an aortic valve 


area of less than 0.8 cm? and 20 patients with isolated aortic: 


regurgitation with more than trace regurgitation. Aortic ste- 
nosis with more than trace regurgitation and a greater than 
15 mm pressure gradient across the aortic valve was ground 
for exclusion. No other significant valvular, coronary or con- 
genital heart disease was present. 

'The New York Heart Association functional classification 
was applied to all patients with respect to symptoms of con- 
gestive heart failure only. The prevalence of chest pain and 
syncope was disregarded for purposes of this study. 

One patient with aortic stenosis was studied approximately 
5 months after aortic valve replacement because of persistent 
symptoms. He was referred from another institution, and a 
preoperative ventriculogram had not been performed. All 
other patients were studied before operation. 

Aortic valve replacement was eventually performed in 14 
of the 18 patients with aortic stenosis, and 11 of the 20 patients 
with aortic regurgitation. The indications for surgery in the 
group with aortic stenosis were (1) critical reduction in aortic 
valve area, and (2) the presence of at least one of the symptom 
triad of angina, syncope or left ventricular failure. The indi- 
cations for surgery in the group with aortic regurgitation were 
(1) significant evidence of aortic regurgitation in the aorto- 
gram, and (2) incapacitating symptoms suggesting left ven- 
tricular failure. Surgery was performed at several institutions 
using a variety of aortic valve prostheses. 

Measurements: Each patient was studied with complete 
right and left heart catheterization including coronary angi- 
ography. Left ventriculography was performed in the right 
anterior oblique projection and recorded on 16 mm film at 
either 60 or 100 frames/sec. 

End-diastolic and end-systolic volumes were calculated 
using a modified area-length method of Dodge et al.? as pre- 
viously reported from this laboratory.' Ejection fraction was 
determined from the angiographic stroke volume divided by 
the end-diastolic volume. 

_ Globularity or roundness of the left ventricle was calcu- 
lated as eccentricity at both end-systole and end-diastole using 


: the formula?: 
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STENOSIS. REGURGITATION stents iin 
FIGURE 2. End-diastolic volume index (EDVI) and ejection fraction for. 
18 patients with aortic stenosis, 20 patients with aortic regurgitation à 
and 12 normal subjects. Group means + standard error of the mean 
are indicated. Cross-hatched bars represent the normal range for the” 
12 normal subjects. ». 
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where, ep = eccentricity at end-diastole; es = eccentricity at - 
end-systole; L = long axis of the left ventricle measured from — 
apex to mid-aortic valve; and D = ventricular diameter as - 
calculated from the planimetered area of the ventricle (D = 3 
4/3 Area/L). | 
Eccentricity is a nondimensional value on a nonlinear scale - * 
of 0 to 1. A perfectly spherical chamber is 0 and i increasing | 
linearity approaches 1. 


eccentricity (e) = 


y^ 
de 


Results mv 
Clinical Status T 
Aortic stenosis: Thirteen of the 18 patients were 
considered to have class I or II symptoms of congestive - 
heart failure; the remaining 5 had class III symptoms - 
(Fig. 1). Of the 14 patients who underwent aortic valve | 
replacement, 1 died immediately postoperatively. Two 
of the 13 survivors remained symptomatic, and one of - 
these eventually died of congestive heart failure; an- - 
other patient died of valve malfunction 1 year postop- 
eratively. Of the four patients not operated on, one died 
of congestive heart failure 4 years after study; the other 
three remained clinically unchanged. | 
Aortic regurgitation: Eleven of the 20 patients in 
this group were classified in class I or II and 9 in class. 
III or IV (Fig. 1). Eleven patients underwent aortic valve 
replacement, and one died at operation. Another died 
with congestive heart failure 1 year postoperatively and 
three others remained in symptomatic but improved 
condition. One of these three later died of a complica- 
tion of anticoagulation therapy. The remaining six 
surgically treated patients were Bé TU tUm at fol- 
low-up. 
The nine patients not operated on were all alive at 
follow-up, but the symptoms of three became more se- 
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vere. One of these was restudied and found to have 
marked mitral regurgitation not evident in the initial 
study. 


Ventriculography 


End-diastolic volumes (Fig. 2): In the normal group 
of 12 subjects, the end-diastolic volume index averaged 
84 + 15 ml/m? (mean + standard error of the mean). 
Aortic stenosis was generally accompanied by normal 
to mildly increased end-diastolic volume index although 
3 of the 18 patients had greatly increased values (more 
than 165 ml/m?). Mean end-diastolic volume index for 
the group with aortic stenosis was 114 + 11 ml/m? (range 
65 to 232 ml/m?). Aortic regurgitation was usually as- 


. sociated with moderately to severely increased end- 


diastolic volume index; only 2 of the 20 patients had 
values of less than 115 ml/m?. End-diastolic volume 
index in patients with aortic regurgitation averaged'180 
+ 13 ml/m? (range 80 to 346 ml/m?) (Table I). 

No statistically significant correlation could be ob- 
tained between patients' clinical state and end-diastolic 
volume in either group of patients. However, the three 
patients with aortic stenosis who had greatly increased 
end-diastolic volume had severe clinical symptoms. 
After operation, one died 6 months later of congestive 
heart failure, another had only partial improvement and 
the third became asymptomatic. 

Pressure-volume relations: Figure 3 shows the 
relations of end-diastolic pressure to end-diastolic 
volume index in the two patient groups. In patients with 











TABLE I 
Summary of Left Ventricular Measurements 
Case NYHA EDVI ESVI EDP 
no. Class (mI/m*) (mi/m*) EP Sep eggs (mm/Hg) 
Aortic Stenosis 
1 IV 232 192 0.17 0.77 0.81 38 
2 H 98 33 0.66 0.86 0.91 30 
3 II 87 17 0.80 0.75 0.93 30 
4 H 76 17 0.78 0.86 0.97 12 
5 | 86 39 0.55 0.79 0.88 19 
6 Wt 116 57 0.51 0.77 0.82 6 
7 | 127 37 0.71 0.80 0.87 12 
8 | 84 12 0.85 0.88 0.93 12 
9 | 150 31 0.79 0.84 0.93 14 
10 H 208 71 0.66 0.81 0.90 25 
11 Ii 81 18 0.78 0.79 0.90 25 
12 | 122 36 0.71 0.89 0.94 22 
13 Hl 168 36 0.79 0.84 0.96 10 
14 H 99 Tul 0.88 0.88 0.95 36 
15 | 64 27 0.57 0.91 0.93 6 
16 H 75 14 0.81 0.89 0.91 10 
17 Hl 99 45 0.55 0.88 0.91 36 
18 | | 66 9 0.86 0.79 0.88 8 
(00 o0 ad se RES IETS SS SE ae RARE ER ERT EE AE Sa ON An Ee BOT EUER UA DRE GRUB Who A 
Mean 113.22 39.06 0.69 0.83 0.91 19.5 
+ SEM +11.00 £9.53 +0.04 +0.01 +0.01 +2.52 


Aortic Regurgitation 


a em eee ees ee SS ee 


1 I 186 16 0.90 0.74 0.90 7 

2 Hl 346 204 0.46 0.74 0.83 15 

3 | 218 91 0.58 0.54 0.70 8 

4 I 157 88 0.43 0.58 0.77 8 

5 Hl 182 121 0.34 0.65 0.67 28 

6 | 234 91 0.61 0.83 0.89 9 

7 H 208 118 0.43 0.68 0.76 16 

8 I 80 29 0.63 0.75 0.85 8 

9 H 219 123 0.45 0.75 0.82 30 
10 H 169 40 0.76 0.76 0.84 15 
11 H 118 53 0.55 0.72 0.84 5 
12 LH 77 14 0.82 0.65 0.87 24 
13 II 140 55 0.61 0.73 0.85 7 
14 | 130 46 0.64 0.78 0.84 8 
15 II 234 54 0.77 0.78 0.87 17 
16 I 213 38 0.82 0.76 0.86 8 
17 Hl 125 24 0.81 0.65 0.77 10 
18 I 189 99 0.48 0.66 0.76 12 
19 I 181 107 0.41 0.56 0.59 10 
20 IV 199 139 0.30 0.63 0.65 14 
OTON CIDMDOETONU e UT ar ay SE SESS NAURMMSBEUS Su OU; SC EE sis a eee T AAA CNN TL cube eie ee Ro 
Mean 180.25 77.50 0.59 . 0.70 0.80 13.0 
* SEM £13.32 £10.71 +0.04 +0.02 +0.02 +1.55 


EDP = end-diastolic pressure; EDVI = end-diastolic volume index; egp = eccentricity at end-diastole; egs = eccentricity at end-systole; EF = 
ejection fraction; ESVI = end-systolic volume index; NYHA = New York Heart Association class: SEM = standard error of the mean. 
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aortic stenosis, the average end-diastolic pressure (19 
+ 3 mm Hg) was higher than in patients with aortic re- 
gurgitation (13 + 2) (Table I). Thus, the average pres- 
sure-volume relation in aortic stenosis remained steep, 
while that of aortic regurgitation was shifted far to the 
right. Among patients with aortic stenosis volume was 
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often normal whereas end-diastolic pressure was greatly 
increased; 4 of 6 patients with this finding had severe 
clinical symptoms or died. 

Ejection fraction (Fig. 2): In the 12 normal patients, 
ejection fraction averaged 0.69 + 0.04. Only one patient 
with aortic stenosis had a severely depressed ejection 








40 
* 
- Normals x 
I-II 
u- 
DEATH 
I-II 
II- IV 
DEATH 
o 
= 
E 
E 
a 
o 
UJ 
FIGURE 3. Left ventricular end-diastolic 
pressure-volume (EDP-EDVI) relationships 
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FIGURE 7. Relation of ejection fraction to changes in eccentricity (e) 
from end-diastole (D) to end-systole (S) in patients with aortic regurgi- 
tation. Patients are coded for clinical status (classes | to IV). 
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fraction and he died several months postoperatively. 
However, no consistent correlation could be determined 
between ejection fraction and clinical state in aortic 
stenosis. 


Eccentricity (Fig. 5): In our normal group of 12 
patients, eccentricity at end-diastole averaged 0.82 + 
0.02 and increased to 0.88 + 0.02 at end-systole; that is, 
the ventricle became more elongated with contrac- 
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In the 20 patients with aortic regurgitation, ejection 
fraction averaged 0.59 + 0.14 but ranged widely (from 
.. 0.30 to 0.90). A lower ejection fraction in these patients 

generally accompanied more severe symptoms and 
. poorer surgical results (Fig. 4), but there were excep- 
tions. For example, of the 10 patients with class III or 
IV heart failure, 3 had a normal ejection fraction (0.50), 
.laleft ventricular end-diastolic pressure greater than 


tion. 

In all patients with aortic stenosis, end-diastolic ec- 
centricity was near the normal range and end-systolic 
eccentricity increased normally or supranormally. This 
relation held independently of end-diastolic volume, 
ejection fraction or clinical status. Even the most se- 
verely affected patients maintained a normally shaped 
ventricle in systole and diastole. 


4. 
b 28 mm Hg and 1 a left ventricular end-diastolic volume In aortic regurgitation, eccentricity at end-diastole 
E index in excess of 200 ml/m?. However, five of eight was mildly to severely depressed in nearly all patients; 
_ patients with an ejection fraction of less than 0.50 either that is, the ventricle was rounder than normal (ep = 0.7 
E. died or had no significant improvement postoperatively, i 0.02). No consistent relation was found between 
E pores all patients with a normal ejection fraction did COR. DAD eccentricity and end-diastolic volume (Fig. 
^J. we 6). 
Es Poor ventricular function, as indicated by a depressed 
E. 1.00 ! ejection fraction (less than 0.50), was generally accom- 
ES | panied by decreased end-diastolic eccentricity although 
a individual exceptions were evident in both directions 
ae (Fig. 7). More significantly, in patients with a normal 
[ or nearly normal ejection fraction, eccentricity increased 
à iis. at end-systole into the low normal and normal range. On. 
E 5 the other hand, in patients with a depressed ejection 
E. c fraction, eccentricity remained low at end-systole also; 
ox 5 that is, the ventricle remained round in both diastole 
| MET and systole (Fig. 7). 

X u 


Similarly, in patients with mild symptoms (class I or 
II congestive heart failure) eccentricity was mildly de- 
creased at end-diastole but increased to near normal at 





[I.S PM end-systole (Fig. 8). In patients with class III or IV 
2 GER congestive heart failure, eccentricity was moderately to 


p severely depressed in both systole and diastole. 

ED ES ED Of the 11 surgically treated patients with aortic re- 
i FIGURE 8. Relation beat iig to clinical cuss mr? (classes | gurgitation, 5 either died or showed no significant im- 
R to IV) and surgical results in patients with whee Pda Hatched p rovement; in 4 of this group, eccentricity was gr eatly 
bars represent normal values for eccentricity at end-diastole (ED) and depressed in both diastole and systole. Among the six 
)  end-systole (ES). patients who were asymptomatic postoperatively, ec- 
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centricity was variably low in end-diastole but ap- 
proached the normal range in end-systole in all, in- 
cluding the three patients with a depressed ejection 
fraction (Fig. 8). 


Discussion 


The clinical presentation of our patients with aortic 
stenosis and aortic regurgitation differed significantly 
with respect to symptoms of congestive heart failure. 
In accord with the usual concepts of aortic valve disease, 
our patients with stenosis presented themselves and 
were studied at a stage when congestive heart failure 
was less prominent than in the patients with regurgi- 
tation. The former patients more commonly had 
symptomatic chest pain and syncope with minimal or 
mild congestive heart failure. Only a minority of the 
patients were considered to be in class III or IV con- 
gestive failure. Among patients with aortic regurgita- 
tion, the course was characteristically more indolent; 
congestive heart failure was the most common pre- 
senting symptom complex, and chest pain was less fre- 

T quent. 

This clinical dissimilarity was likewise reflected in the 
surgical results: 78 percent of patients with aortic ste- 
nosis became asymptomatic postoperatively compared 
with only 54 percent of patients with aortic regurgita- 
tion. 

Ventricular size, shape and function in aortic 
regurgitation versus aortic stenosis: These differ- 
ences, although possibly explained by the auscultatory 
signs and therefore earlier detection of the stenotic 
valve, are more probably related to basic pathophysio- 
logic changes in long-term pressure versus volume 
overloading. The heart in aortic regurgitation appears 
to sustain a long asymptomatic phase during which the 
left ventricle undergoes slow enlargement and change 
to a rounder shape. The heart in aortic stenosis, while 
subject to gradual symmetric hypertrophy before 

Ne symptoms appear, seems to maintain a more nearly 
| normal chamber size and normal elongated shape 
throughout most of the course of the disease. 

'The average size of the left ventricle was significantly 
increased in patients with aortic regurgitation, but was 
usually normal or minimally enlarged in those with 
aortic stenosis. Marked ventricular dilatation was the 
only angiographic measurement that related to severe 
symptoms and poor prognosis in aortic stenosis. 

'The disparity between the two patient groups was 
more evident in the state of ventricular function as ex- 
pressed by ejection fraction. This function remained 
normal in the great majority of patients with aortic 
stenosis even in the presence of severe symptoms. In 
patients with aortic regurgitation average ejection 
fraction was depressed and tended to follow the degree 

x: of symptoms and surgical prognosis although this 
relation was not strict. 

Ventricular eccentricity: The shape, or eccen- 

a tricity, of the ventricular cavity was the most consistent 
difference found between the two patient populations. 

The pressure-loaded hearts were always normal in this 

. respect whereas the volume-loaded hearts were uni- 


formly abnormal. In virtually all patients with signifi- 
cant aortic regurgitation, the ventricle was rounder than 
normal at end-diastole. The degree of abnormality 
correlated with both severe symptoms and poor ejection 
fraction. This change was consistently observed at 
end-diastole and, as ventricular function decreased also 
became evident in systole. Thus, the ventricle with a 
near normal ejection fraction, although round in dias- 
tole, approached a normal elongated shape in systole. 
On the other hand, the hearts with a lower ejection 
fraction remained round both in diastole and systole. 
The poorest surgical results were seen in the group with 
the lowest eccentricity in both end-diastole and end- - 
systole. 

Causes of abnormal left ventricular geometry: 
These changes in eccentricity of the left ventricle are not - 
unique to aortic regurgitation. Rather, it appears that 
chronic volume-loading of the chamber itself results in 
such changes in shape— probably initially as an adap- 
tive mechanism. Earlier studies by Vokonas et al. 
showed a similar decline in end-diastolic eccentricity 
in nearly all patients with significant chronic mitral 
regurgitation. As in our study, end-diastolic eccentricity 
was most abnormal in patients with decompensated 
mitral regurgitation and the abnormality persisted into 
systole. Similar patients with compensated disease 
showed less abnormal end-diastolic eccentricity while 
systolic shape approached normal. Kreulen et al 
demonstrated a decreased eccentricity in patients with 
Type III cardiomyopathy, those with generalized ven- 
tricular hypokinesia or asynergy. 

Frimer et al. and Rackley,’ using different indexes 
of ventricular roundness, studied patients with various 
forms of volume overloading and myocardial disease. 
They concluded that left ventricular geometry was de- 
pendent upon contractility and that increased diastolic 
and systolic globularity were characteristic of the failing 
ventricle. 

Hood and Rolett? compared patients with pressure- 
and volume-loaded hearts and found, similar to our 
study, that normal eccentricity is preserved in the 
pressure-loaded states but declines in volume-loaded 
conditions. They also concluded that loss of systolic 
eccentricity was associated with ventricular failure in 
the latter group. » 

It is probable that ventricular dilatation in itself re- 
sults in some loss of normal elongated shape, inasmuch 
as a geometric sphere will accommodate the greatest 
volume per unit of surface area. However, as seen in 
Figure 6, the relation between end-diastolic volume and 
eccentricity is not close. Frimer et al. likewise found 
that ventricular geometry correlated better with ejec- 
tion fraction than with end-diastolic volume. 

The explanation for these consistent abnormalities 
may be related to the hemodynamic stresses imparted 
by the different disease states. In aortic stenosis, with 
increased wall tension throughout systole but normal 
tension in diastole, the heart adapts primarily by hy- 
pertrophy and possible addition of myocardial fibers. 
This allows more normal stresses throughout the 
chamber wall and maintenance of the normal wall 
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relations even late in the course of the disease. In aortic 


_ regurgitation, the obligatory large passive volume in 
diastole results in an early increase in diastolic wall 


stress. Gould et al.? calculated ventricular wall stresses 


in several different disease states. They reported a 
 several-fold increase in end-diastolic circumferential 
. and longitudinal stress in aortic regurgitation. (Inex- 


plicably, they did not find a significant change in 


. chamber shape in their patients.) This increased stress 


is most pronounced in both the body of the ventricle and 


. may effect a realignment of the circumferential muscle 
fibers. 


Jean et al.!? reported a correlation between myocar- 


. dial fiber angle and ventricular eccentricity in human 
- cadaver hearts from normal and hypertensive subjects. 
_ Also, animal investigations by Ross et al.!! showed a 
Shift of normal fiber orientation in hearts subjected to 
_ chronic volume overloading. Similarly, the pressure- 
X. volume relations in our study, with a shift rightward in 
. aortic regurgitation, suggest a fundamental qualitative 
_ change in the microarchitecture of the ventricle with 
chronic volume overloading. As such, chronic aortic 
—. regurgitation may result in a basic change in myocardial 
. wall structure and fiber alignment that is less than op- 
. timal for normal pumping action. Conceivably with time 
- this process could become self-perpetuating and par- 
tially or totally irreversible. 

-Gault et al.!? studied patients before and after sur- 


gical correction of aortic regurgitation and found that 


relief of the hemodynamic burden did not result in a 
concomitant correction of depressed contractility. This 
finding supports the concept of at least a partially ir- 
reversible myocardial alteration induced by the ab- 
normal volume load. 

Clinical implications: In patients with aortic re- 
gurgitation, changes in the shape of the left ventricle 
may provide a marker for serious alterations in the 
myocardium at a time when symptoms are relatively 
mild and ejection fraction is still in the normal range. 
Perhaps surgical intervention with aortic valve re- 
placement at this earlier stage would prevent an irre- 
versible loss of myocardial function and offer better 
long-term results, particularly in patients with pro- 
gressive left ventricular dilatation. The situation differs 
for patients with aortic stenosis because ventricular 
shape remains normal throughout the course of their 
disease. Perhaps if loss of eccentricity were to occur in 
severe stenosis, the changes would be incompatible with 
maintenance of the necessary systolic pressure load (at 
the heightened values of wall stress required) and with 
prolonged survival of the patient. Further longitudinal 
studies are required to verify this preliminary report. 
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Quantitative angiographic findings were reviewed in 40 patients with 
significant mitral regurgitation classified into three etiologic groups: group 
|, primary mitral regurgitation (prolapse, ruptured chordae); group Il, mixed 


4 


stenosis and regurgitation of rheumatic origin; and group IIl, cardiomyo- - 
pathic mitral regurgitation. For patients in both groups | and Il, left ven- 


tricular end-diastolic volume was directly related to regurgitant fraction, 


and ejection fraction was generally well maintained. In contrast, patients 


in group Ill had a depressed ejection fraction (<0.40) and end-diastolic 
volume that was disproportionately increased in relation to the degree 
of regurgitation. 

Left ventricular end-diastolic pressure was a poor indicator of severity 
of regurgitation in all patient groups. There was a significant negative 
correlation between forward cardiac index and regurgitant fraction. There 
was significant relation, although with considerable variation, between 
the normalized V wave and regurgitant fraction. The graphs of chamber 
size, ejection fraction and hemodynamic measures plotted against the 
severity of regurgitation in different patient groups provide a perspective 
for interpreting the findings in individual patients. 


Quantitative angiography has greatly assisted in the understanding of 
the pathophysiology and clinical assessment of patients with mitral re- 
gurgitation. It is generally accepted that the degree of mitral regurgi- 
tation correlates with the severity of clinical symptoms, elevation of 
right-sided cardiac pressures, depression of forward cardiac output and 
extent of left ventricular enlargement.!-^ Overall left ventricular func- 
tion, as indicated by the ejection fraction, is normal for most patients 
with mitral regurgitation? or may even be augmented in those with severe 
acute mitral regurgitation.? : 

Nevertheless, significant problems remain in the clinical evaluation 
of patients with mitral regurgitation. Previous studies have tended to 
group together patients with mitral regurgitation of various causes. This 
practice tends to obscure differences in volumetric and ejection data 
among patients with mitral regurgitation of rheumatic, nonrheumatic 
or cardiomyopathic origin. In patients who have mitral regurgitation and 
abnormal myocardial function, it is particularly important to distinguish 
primary mitral valve regurgitation from primary myocardial disease with 
secondary regurgitation and, in the latter case, to assess the hemody- 
namic contributions of this “secondary” regurgitation. We therefore 
reviewed our quantitative angiographic data in patients with mitral 
regurgitation grouped by origin of the regurgitation as indicated by 
clinical, hemodynamic, echographic, surgical and pathologic criteria 
independent of the results of angiography. 
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Methods 
Catheterization and Angiography 


Quantitative angiography performed with a computer 


 light-pen system’ has been used in our laboratory for the past 


3 years. Because almost all patients with mitral regurgitation 
during this time had left ventricular angiography, this series 
represents a continuous group of patients whose angiograms 
were of adequate quality for quantitation and whose angio- 
graphically calculated regurgitant fraction was greater than 
0.20. Patients with aortic regurgitation or significant aortic 
stenosis (greater than 10 mm mean left ventricular to aortic 
gradient) were excluded. 

Single plane ventriculograms were performed in the 30? 
right anterior oblique projection during rest, using an angio- 
graphic catheter and 40 to 60 cc Renografin$-76. End-diastolic 


- volume, end-systolic volume and stroke volume were calcu- 
lated using the area-length method.’ The earliest adequately 


visualized systolic-diastolic cycles were used, and postex- 
trasystolic beats were excluded. Catheterization pressures 
were recorded using Statham P23Db or Micron MP-15 


. transducers and were computer-determined. Forward cardiac 
- index (CI) was determined by either the direct Fick method 
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dysfunction most prominent). The specific criteria used for 
these groups follow and are summarized in Table I. 

Group I, primary mitral regurgitation (18 patients): 
The patients in this group had isolated mitral regurgitation 
as their only lesion. Concomitant mitral stenosis was excluded 
by comparing pulmonary arterial wedge or left atrial pressure 
tracings with left ventricular pressure tracings. Echographic 
criteria for mitral valve prolapse or stenosis®-? and observation 
of the mitral valve at the time of surgery defined specific valve 
lesions in most patients, thus supporting the exclusion of a 
primary cardiomyopathic process. Two patients had rheu- 
matic valve lesions without stenosis. Mitral valve prolapse or 
redundant mitral leaflets, determined with echocardiography 
or during surgery, were found in 10 patients.!? Two of these - 
10 had a history of remote baciórial ehdacasaitis Six other 
patients had surgically established ruptured chordae tendi- 
neae as the cause of their mitral regurgitation. When func- 
tional limitation was assessed using the criteria of the New 
York Heart Association,!! three patients were in class I, nine 
were in class III and six were in class IV. 

Group II, stenotic and regurgitant (rheumatic) mitral 
valve disease (10 patients): All patients in this group had a 
diastolic pressure gradient between the pulmonary arterial 


— or duplicate indocyanine green indicator-dilution tech- wedge or left atrial pressure and left ventricular pressure. 
- nique. Echocardiograms showed the typical findings of rheumatic 
gs Angiographic or total left ventricular cardiac index (Cly) mitral valve disease. Five of the 10 patients gave a history of 
-was calculated by multiplying angiographic stroke index by rheumatic fever. Assessment of functional limitation placed 
f . the heart rate at the time of angiography. In six patients the 1 patient in class I, three in class II, three in class III and three 
___ heart rate at the time of forward cardiac output determination in class IV. 
.. andatthe time of angiography differed by more than 12 beats, Group III, cardiomyopathic mitral regurgitation (12 
... and their data were excluded from these analyses. Regurgitant patients): These patients were identified primarily by ex- 
— fraction (RF) was calculated according to the formula RF = clusion of other definable causes of mitral regurgitation in 
t (CIty - CIp)/CI, v. association with clinically evident congestive heart failure. 
| zati Primary mitral valve lesions were excluded by the absence of 
t Patient Categorization a pressure gradient across the mitral valve and by an essen- 
le On the basis of clinical, echographic, hemodynamic, surgical tially normal echocardiogram. Five patients had severe cor- 
— and, if available, pathologic studies, patients were assigned onary artery disease with prior myocardial infarction, six had 
__ to one of three categories: group I, primary mitral regurgita- idiopathic chronic cardiomyopathy of the congestive type and 
- tion (typically nonrheumatic); group II, stenotic and regur- one patient had myocarditis. Because the angiographic results 
— gitant mitral valve disease (typically rheumatic); and group in the patients with coronary artery disease and severe left 
HI, cardiomyopathic mitral regurgitation (left ventricular ventricular dysfunction and in those with cardiomyopathy 
a 
E 
-— TABLE I 
b. Categorization of Patients With Mitral Regurgitation 
3 Group Il. Group III. 
2 Group |. Mixed Mitral Cardiomyopathic 
Wi Primary Mitral Regurgitation Stenosis and Regurgitation Regurgitation 
i (18 patients) (10 patients) (12 patients) 
E TU OMURUMTUMMMMMMMM————————————— ee ee ee 
— Clinical, echographic, hemo- 1. No left atrial-left ventricular 1. Echographic features 1. Evidence of cardiac failure 
R: -~ dynamic, surgical and diastolic gradient of mitral stenosis 2. Essentially normal mitral 
M pathologic criteria 2. Abnormal mitral valve or 2. Left atrial-left ventricular valve and mitral valve 
E mitral valve apparatus diastolic gradient apparatus by echo- 
eC by echographic and/or cardiography 

1 surgical observation 3. Biopsy evidence for myo- 

e carditis or myopathy, if 
x available 
eed 4. Severe coronary artery 
E. disease with prior 
i infarction 
6 - Specific causes Mitral valve prolapse (7) Rheumatic (10) Idiopathic cardiomyopathy(6) 
A Ruptured chordae (3) Myocarditis (1) 
d Mitral valve prolapse and Coronary artery disease (5) 

ruptured chordae (5) 
Rheumatic (2) 

T Unknown (1) 

In Pu EON RUM EN CU. Yers 00 1B LAUNE CNW TE A aR e a i M 
> Figures in parentheses indicate number of patients. 
» 

3 
-` ; 
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TABLE II 


Hemodynamic and Angiographic Measurements 


EA ana we ye ee a ovr PL Lo se a a ee 





(liters/ (liters/ Valve 
Duration of PAW A/V/m LV min per min per EDV LVSV Area 
Valve Abnormality Symptoms (mm Hg) (mm Hag) m?) m?) | (cm?/m?) (cm?/m?) EF RF (cm?) 
Group |. Primary Mitral Regurgitation 
Rheumatic 3 yr - - /26/15 106/9 10.3 2.7 181 103 0.57 0.74 
Prolapse Asympto- 13/20/12 118/10 4.7 3.1 85 52 0.61 0.33 
matic 
Ruptured chordae, 5 mo --171/33 130/28 7.5 1.3 172 108 0.63 0.83 
prolapse 
Prolapse, SBE 1 yr - - /48/29 118/12 4.0 2.8 110 44. 0.40 0.45 
Prolapse, ruptured 2 mo 25/50/26 127/25 5.0 3.1 117 73 0.62 0.57 
chordae 
Prolapse, ruptured 3 mo 25/41/27 94/22 4.8 2.7 105 51 0.49 0.45 
chordae 
Prolapse 10 mo - - /50/28 134/17 5.0 1.3 96 73 0.76 0.74 
Prolapse, ruptured 2 yr 6/ 8/5 122/5 4.3 2.1 125 84 0.67 0.51 
chordae 
Ruptured chordae 1 wk 21/44/27 125/16 6.3 3.5 83 61 0.74 0.45 
Rheumatic 5 yr -- /22/15 117/11 5.9 1.8 110 68 0.62 0.69 
Prolapse, ruptured 3 yr 16/32/14 102/14 8.6 3.2 168 119 0.71 0.63 
chordae 
Prolapse, SBE 3 yr 8/20/16 123/15 5.1 2.8 130 79 0.61 0.45 
Prolapse 10 yr 6/ 5/4 132/7 4.6 2.5 67 46 0.68 0.45 
Ruptured chordae 2 yr 22/70/35 118/23 5.1 t2 144 58 0.40 0.76 
Ruptured chordae 1 mo 20/29/15 108/115 6.0 1.9 89 74 0.83 0.68 
Prolapse 1 yr - -/13/9 88/10 3.1 2.3 98 33 0.34 0.26 
Prolapse 3 yr 17/20/16 124/17 3.7 2.8 93 47 0.50 0.25 
Unknown 4 yr 22/30/15 98/9 3.5 2.4 112 49 0.44 0.34 
Pao CMM eS See 
Group II. Mixed Mitral Stenosis and Regurgitation 
poe ge a err 
Rheumatic 2 yr 19/26/19 162/11 2.7 1.9 81 42 0.52 0.27 0.7 
Rheumatic 3.5 yr - -[45/32 112/18 5.9 2.5 154 88 0.57 0.57 0.7 
Rheumatic 1.5 yr 13/15/12 106/9 3.6 2.8 95 57 0.60 0.22 2.0 
Rheumatic 3 yr --/15/11 123/7 45 3.0 106 65 0.61 0.34 1.1 
Rheumatic 5 yr - -/16/11 105/8 7.7 3.1 226 115 0.51 0.60 1.2 
Rheumatic 4 mo - - {24/17 125/9 3.7 2.2 69 42 0.61 0.42 1.1 
Rheumatic 1 yr --/19/14 119/8 3.8 2.7 116 51 0.44 0.30 1.1 
Rheumatic 3 yr 25/48/27 85/12 7.4 1.8 94 74 0.79 0.75 0.9 
Rheumatic 7 yr - - [30/26 122/13 2.8 13 134 36 0.27 0.54 0.4 
Rheumatic 2 yr 23/19/15 119/8 3.3 2.2 79 44 0.56 0.36 0.9 
d c dde ENDE S a ISDEM NEIN ee 
Group III. Cardiomyopathic Regurgitation 
ne 
Idiopathic cardio- 2 yr 23/22/19 165/29 5.9 2.7 198 53 0.27 0.55 
myopathy 
Idiopathic cardio- 3 yr 14/65/13 95/16 3.3 2.5 208 44 0.21 0.23 
myopathy 
Idiopathic cardio- 7 mo 35/38/29 101/29 2.1 1.7 182 16 0.10 0.21 
myopathy 
Idiopathic myo- 1 yr 28/35/26 140/29 3.5 1.4 184 42 0.23 0.61 
carditis 
Idiopathic cardio- 4 mo 16/19/17 100/19 3.7 2.0 134 31 0.23 0.45 
myopathy 
Idiopathic cardio- 6 yr - - [34/30 90/21 3.3 1.8 256 30 0.12 0.46 
myopath y 
Idiopathic cardio- 4 mo - -[40/35 100/32 2:3 1.7 195 19 0.10 0.27 
myopathy 
Coronary artery 6 mo 32/37/25 99/35 4.4 2.1 304 61 0.20 0.52 
disease 
Coronary artery 3 yr 22/49/30 120/24 3.7 1.0 152 49 0.32 0.72 
disease 
Coronary artery 6 mo 13/17/12 94/15 2.9 2.1 171 62 0.36 0.27 
disease 
Coronary artery 6 mo 34/22/21 120/30 4.0 2.6 219 50 0.23 0.35 
disease 
Coronary artery 3 yr 40/45/32 139/35 2.6 1.2 115 27 0.23 0.53 


disease 


"i "o ——————————oÓBÀ ee 
A = A wave; Clg = forward cardiac index; Cl, y = left ventricular or total cardiac index; EDV - end-diastolic volume; EF - ejection fraction, 


LV = left ventricle: LVSV = total left ventricular stroke volume; m = mean; PAW = pulmonary arterial wedge; RF = regurgitant fraction; SBE = 
subacute bacterial endocarditis; V = V wave. 
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were similar, these patients were grouped together. Assess- 
ment of functional limitation placed two patients in class II, 
four in class III and six in class IV. 


Results 


The hemodynamic and quantitative angiographic 
results for each of the three patient groups are listed in 
Table II. 

Ventricular volumes and regurgitant fraction: 
The left ventricular end-diastolic volume (EDV) index 
is plotted against the regurgitant fraction (RF) in Figure 
1. Although this index varied considerably within 


300 


200 


END«DIASTOLIC VOLUME ( cm3/m? ) 
S 





41 2 a EUN 5 6 7 8 
REGURGITANT FRACTION 


FIGURE 1. Left ventricular end-diastolic volume plotted against re- 


 gurgitant fraction for the three patient groups. End-diastolic volumes 


for the patients with cardiomyopathy (MYOP) tended to be dispropor- 
tionately large for the degree of mitral regurgitation. For the remaining 
patients—those with primary regurgitation (MR) and mixed stenosis 
and regurgitation (MS/MR)—the end-diastolic volume was closely re- 
lated to regurgitant fraction, as shown by the regression line (end-dia- 
stolic volume = 104 X regurgitant fraction + 64 cc; r = 0.51, P 


-= €0.01). 
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FIGURE 3. Left ventricular end-diastolic pressure (LVEDP) plotted 
against regurgitant fraction for the three patient groups. End-diastolic 


pressures tended to be greatest in the group with cardiomyopathy 


(MYOP.); however, for all patients, end-diastolic pressure did not cor- 


relate with severity of regurgitation. MR = mitral regurgitation; MS/MR 
= mixed mitral stenosis and regurgitation. 
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groups I (primary mitral regurgitation) and II (mixed 
mitral stenosis and regurgitation), the left ventricular 
end-diastolic volume was directly related to regurgitant 
fraction (EDV = 63.6 + 104 X RF; r = 0.51, P <0.01). 
The 12 patients with cardiomyopathy (group III) had 
a larger end-diastolic volume for a given amount of re- 
gurgitation than did the patients in the other two groups 
(Fig. 1).. 

Figure 2 plots left ventricular end-diastolic volume 
against ejection fraction for the three patient groups. 
Of the 14 patients with an ejection fraction of less than 
0.40, 12 were from the group with cardiomyopathy, 1 
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FIGURE 2. Left ventricular end-diastolic volume plotted against ejection 
fraction for all patient groups. All patients with cardiomyopathy (MYOP.) 
had a severely depressed ejection fraction (less than 0.40). Four of 18 
patients with primary mitral regurgitation (MR) had an abnormal ejection 
fraction (less than 0.50), but in only 1 was it less than 0.40. The largest 
end-diastolic volumes tended to occur in the group with cardiomyopathy. 
MS/MR = mixed mitral stenosis and regurgitation. 
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FIGURE 4. Forward cardiac index (liters/min per m?) plotted as a 
function of regurgitant fraction. There is negative correlation between 
forward cardiac index and regurgitant fraction for the patients with 
primary mitral regurgitation (MR) (r — —0.59, P <0.01). Patients with 
noncardiomyopathic mitral regurgitation and a forward cardiac index 
below 2.0 generally had a regurgitant fraction in excess of 0.65. MYOP. 
= cardiomyopathic regurgitation; MS/MR = mixed mitral stenosis and 
regurgitation. 
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from the group with mitral stenosis and regurgitati 
and one from the group with isolated mitral regurgi) - 
tion. Most of the patients with noncardiomyopat — 
regurgitation had a well maintained ejection fract 1 
consistent with the fact that the end-diastolic volu 7 
increases proportionately with the amount of mii é 
regurgitation (Fig. 1). 

Pressures and hemodynamics: The left ventricular 
end-diastolic pressure is plotted against regurgitant 
fraction in Figure 3. In general, there was little corre- 
- lation between end-diastolic pressure and regurgitant 
fraction in any of the three groups. Most patients with 
cardiomyopathic mitral regurgitation (group III) had 
a distinctly larger left ventricular end-diastolic pressure 
than did patients in the other groups. i 

The forward cardiac index is plotted against regur- 
gitant fraction in Figure 4. Patients with the largest 
regurgitant fraction tended to have the lowest forward 
cardiac index (r = 0.59). Eight patients with nonmyo- 
pathic mitral regurgitation had a forward cardiac index 
less than 2.0 liters/min per m2; in seven of these the re- 
gurgitant fraction was greater than 0.50 and in six it was 
greater than 0.65. Conversely, seven patients with 
nonmyopathic regurgitation had a regurgitant fraction 
greater than 0.65, but only one had a forward cardiac 
index greater than 2.1 liters/min per m?. 

The relation of the pulmonary arterial wedge V wave 
to the regurgitant fraction is shown in Figure 5. In an 
attempt to achieve normalization for differences in left 
ventricular filling pressures, the magnitude of the V 
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FIGURE 5. Normalized V wave (V wave divided by mean pulmonary 
arterial wedge pressure [PAW]) plotted as a function of regurgitant 
fraction. The correlation was significant for all patients grouped together 
(normalized V wave = 1.04 X regurgitant fraction + (—0.99); r = 0.60, 
P <0.01). MR = primary mitral regurgitation; MS/MR = mixed mitral 
stenosis and regurgitation; MYOP. = cardiomyopathic regurgitation. 
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wave was divided by the mean pulmonary arterial wedge 
pressure. There was a significant correlation between 
regurgitant fraction and the magnitude of the normal- 
ized V wave (r = 0.60; P <0.01) although considerable 
scatter was present. A similar analysis of the correlation 
of the absolute height of the V wave with the regurgitant 
fraction was also statistically significant; however, the 
correlation coefficient was not as high. Of nine patients 
with a ratio of pulmonary V wave to mean pulmonary 
arterial pressure greater than 1.7, eight had a regurgi- - 
tant fraction greater than 0.50. Group I (primary re- 
gurgitation) contained patients whose mitral regurgi- | 
tation was of shorter duration than that of other groups; 
thus they tended to have the most prominent V waves - 
(Fig. 5). 
Clinical evaluation of patients having mitral 
valve surgery: Twenty of the 40 patients underwent 
mitral valve surgery and, without exception, had class 
III or IV functional limitation preoperatively. The op- 
erative survivors were followed up for a mean interval 
of 23.5 months (range 6 to 42 months). Figure 6 com- 
pares the surgically and medically treated patients, as 
indexed by individual values for ejection fraction and 
regurgitant fraction. In general, patients undergoing 
mitral valve replacement had an ejection fraction of 0.40 : 
or greater. Only 2 of the 12 patients with myopathy had 
mitral valve replacement; 1 of these died immediately 
postoperatively (ejection fraction 0.23); the other died 
9 months later, having shown minimal clinical benefit 
(ejection fraction 0.32) (Fig. 6, Patient L4). Seven of the 
10 patients with mixed stenosis and regurgitation had 
mitral valve replacement. One of the seven died in- 
traoperatively and had an ejection fraction of 0.27 and. 
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FIGURE 6. Regurgitant fraction for each individual patient plotted against. 
the ejection fraction. Closed circles indicate patients not operated on. 
(One patient in group III with an ejection fraction of 0.10 and a regurgitant 
fraction of 0.21 is not shown.) The 20 patients who had mitral valve 
surgery are indicated by squares. Crosses indicate two perioperative 
deaths, one in a patient with cardiomyopathy and one in a patient with 
mixed stenosis and regurgitation. Three operative patients (La, Ls and 
Lc) who exhibited clinical evidence of left ventricular dysfunction are 
described in the text. 
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3 Seige coronary arteries; the remaining six have con- 
: _ tinued to show marked hemodynamic benefit. 
_ Eleven of the 17 patients with primary mitral regur- 
à don had mitral valve replacement. Two patients 
3 subsequently had left ventricular dysfunction, one as 
——. aresult of coronary artery disease with severe periop- 
- erative myocardial infarction (preoperative ejection 
- fraction 0.74) (Fig. 6, Patient Lc), and one who became 
=~ an excessive alcohol user and manifested progressive 
5 ventricular dysfunction (Fig. 6, Patient Lp). The re- 
4 maining 15 patients having mitral valve replacement 
— had no clinica! evidence of left ventricular dysfunction, 
. but one subsequently died of arrhythmia and another 
_ has been severely limited by stroke-related sequelae. 







Ene 


. Patients with mixed mitral stenosis and regurgita- 
a tion could not be distinguished from patients with 
-~ primary valvular mitral regurgitation by examination 
= of end-diastolic volume, ejection fraction or regurgitant 
E fraction (Fig. 1 and 2). The presence of mitral stenosis 
E. with mitral regurgitation did not alter the degree of 
—. ventricular enlargement as a function of mitral regur- 
— gitation (Fig. 1) but tended to yield reduced left ven- 
E _ tricular end-diastolic pressure (Fig. 3). 
= . Patients with primary mitral regurgitation had a 
: larger pulmonary arterial wedge V wave than did other 















M, ein this group (Fig. 5). Although acute experimental 
. mitral regurgitation may augment ejection fraction and 
_ velocity of fiber shortening by reduction of instanta- 
-neous impedance,!” these changes were not seen in the 
21 more subacute clinical setting (Fig. 2). Four patients 
BE. with isolated mitral regurgitation had an abnormal 
pr ejection fraction of less than 0.50, and only one of these 
had severe mitral regurgitation (regurgitant fraction 


M 


A greater than 0.50). There were no distinguishing clinical 


~ sumably some degree of myocardial dysfunction apart 

E. _ from any consequences of chronic severe regurgitation 

.. must account for these findings. 

=~ Patients with cardiomyopathy and secondary re- 
À te M Aek were papain ss from other bee with 


"S ^s mat of regurgitation (end- disktolic volume naai 
A i y ‘ae than 150 cs eed Patients with valvular mitral 


3 E 0. 50. Gr asl individual patients with a getan 
3 .. and secondary mitral regurgitation had an end-diastolic 
Š volume of less than 150 cm*/m2, they exhibited marked 

. depression of ejection fraction. By these criteria, if a 

" patient with known primary or mixed mitral regurgi- 
E tation has disproportionate left ventricular enlargement 
-or depression of ejection fraction, a concomitant or in- 
E. tervening cardiomyopathic component may be sus- 
E pected. mn lack of disproportionate ventricular 
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enlargement and depression of ejection fraction in a 
patient with presumed cardiomyopathy and secondary 
mitral regurgitation should lead one to question the 
diagnosis of cardiomyopathy and to consider surgical 
treatment. Although cardiac surgery is a greater risk for 
patients with left ventricular dysfunction, mitral valve 
replacement might well alleviate a significant hemo- 
dynamic regurgitant burden in patients with quanti- 
tatively severe mitral regurgitation. 


Hemodynamic Correlations With Patient Groupings 


The lack of correlation between left ventricular 
filling pressure and regurgitant fraction in patients 
with primary mitral regurgitation did not allow left 
ventricular end-diastolic pressure to be used as a reliable 
indicator of the severity of mitral regurgitation. End- 
diastolic pressure in patients with cardiomyopathy 
tended to be distinctly elevated but no correlation with 
the severity of mitral regurgitation was evident. Vari- 
ations in left ventricular filling pressures appeared to 
reflect primarily the patient's clinical status at the time 
of cardiac catheterization and would be expected to vary 
with the aggressiveness of diuretic therapy and with the 
chronicity and extent of ventricular hypertrophy. 

Depression of forward cardiac index was a feature 
of severe mitral regurgitation (Fig. 4). For patients with 
pure mitral regurgitation, the inverse relation of re- 
gurgitant fraction and forward cardiac index is a 
strongly significant one. In acute experimental prepa- 
rations, Braunwald et al.!? have shown that mitral re- 
gurgitant fractions of up to 0.80 are tolerated with only 
a small depression in forward cardiac output. This did 
not hold for the more subacute and chronic clinical 
situation, in that a regurgitant fraction greater than 0.60 
severely impaired forward cardiac index in patients with 
isolated mitral regurgitation. In patients with cardio- 
myopathy and mixed mitral disease, valvular regurgi- 
tation leads to greater depression of forward cardiac 
index than in patients with primary regurgitation, thus 
reflecting the hemodynamic contribution of depressed 
ventricular ejection or concomitant stenosis. 

A prominent left atrial or pulmonary arterial V wave 
is generally found with significant mitral regurgitation. 


Patients with nonrheumatic mitral regurgitation, ac- - 


cording to Klughaupt et al.,!^ had very large left atrial 
or pulmonary wedge V waves, reflecting recent onset of 
severe mitral regurgitation into a relatively noncom- 
pliant left atrium. These V wave relations have not 
previously been correlated with quantitative measure- 
ments. We found correlation of the normalized V wave 
height (V wave height divided by mean pulmonary 
wedge pressure) with the amount of regurgitation to be 
better than the absolute height of the V wave. Although 
these correlations are statistically significant, the 
variations are of sufficient magnitude to limit usefulness 
of this index. However, a ratio greater than 1.7 between 
the V wave and mean pulmonary wedge pressure did 
indicate a regurgitant fraction greater than 0.55 in eight 
of nine patients. Our patients with nonrheumatic val- 
vular mitral regurgitation tended to have higher V wave 
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ratios than did other patient groups, a finding consistent 
with their more subacute duration of symptoms. 

Evaluation of the results of mitral valve replacement 
in these patients was limited to clinical assessment of 
left ventricular function over an average 2 year follow- 
up period. The data show that for patients with a pre- 
operative ejection fraction of 0.4 and greater, overt left 
ventricular dysfunction was not observed within the 
follow-up period, except where identifiable factors had 
an adverse effect. Although mitral valve replacement 
was performed in only 3 of the 13 patients with an 
ejection fraction of less than 0.40, the results were uni- 
formly poor. 

Clinical implications: The evaluation of chamber 
size, ejection fraction and hemodynamic features of the 
individual patient with mitral regurgitation is best 
understood in relation to the severity of the regurgitant 
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leak. Figures 1 to 6 utilize the regurgitant fraction as an 
index against which to assess angiographic and hemo- 
dynamic features of individual patients. Although we 
have somewhat arbitrarily categorized patients into 
three pathophysiologic groups, our data clearly show 
substantial overlap among groups and heterogeneity of 
individual patients. Nevertheless, such graphs provide 
a background perspective against which one can assess 
the angiographic and hemodynamic findings in indi- 
vidual patients with mitral regurgitation. 


Acknowledgment 


We acknowledge the assistance of Mrs. Dorothy McCain 
and Mr. David Toy in preparation of the manuscript and il- 
lustrations. Quantitation of ventriculograms was ably per- 
formed by Mrs. Sherilyn Robison and Miss Alison Ferris. 


References 


8. Duchak JM, Chang S, Feigenbaum H: The posterior mitral valve 
echo and the echocardiographic diagnosis of mitral stenosis. Am 
J Cardiol 29:628-632, 1972 
9. Popp RL, Brown OR, Silverman JF, et al: Echocardiographic ab- 

normalities in the mitral valve prolapse syndrome. Circulation 
49:428-433, 1974 

10. McKay R, Yacomb MH: Clinical and pathological findings in pa- 
tients with floppy valves treated surgically. Circulation 48:Suppl 
II:1/I-63—1/1-73, 1973 

11. The Criteria Committee of the New York Heart Association. Dis- 
eases of the Heart and Great Vessels: Nomenclature and Criteria 
for Diagnosis, sixth edition. Boston, Little Brown, 1964, p 112 

12. Urschel CW, Covell JW, Sonnenblick EH, et al: Myocardial me- 
chanics in aortic and mitral valvular regurgitation: the concept of 
instantaneous impedance as a determinant of the performance 
of the intact heart. J Clin Invest 47:867—883, 1968 

13. Braunwald E, Welch GH, Sarnoff SJ: Hemodynamic effects of 
quantitatively varied experimental mitral regurgitation. Circ Res 
5:539—545, 1957 

14. Klughaupt M, Flamm MD, Hancock EW, et al: Nonrheumatic mitral 
insufficiency. Circulation 39:307—-316, 1969 


e February 1977 The American Journal of CARDIOLOGY Volume 39 183 


Ta 
4 





r3 
EE 


z 

y aa 
i)" og te 
; e. 


Ae 2 


NEWTON 


; Echocardiographic Observations in Patients With 
Systemic Infiltrative Disease Involving the Heart 
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_ JEFFREY S. BORER, MD Echocardiography was used to evaluate the heart in 19 patients with one 

. WALTER L. HENRY, MD of various systemic diseases known to be associated with infiltrative 

_ STEPHEN E. EPSTEIN, MD, FACC cardiomyopathy. Four patients had systemic amyloidosis, 10 had idio- 

r Bethesda, Maryland pathic hypereosinophilia and 5 had iron overload caused by multiple blood 
transfusions. Although 10 patients (53 percent) had no clinical evidence 

_ of cardiac disease, all 19 had echocardiographic abnormalities; the left 
ventricle was symmetrically thickened (more than 11 mm) and left ven- 
tricular mass was increased (more than 275 g) in all; the left ventricular 
transverse dimension was modestly increased (more than 52 mm) in 5 ! 
patients (26 percent) and the velocity of mitral valve closure in early | 
diastole was reduced (less than 60 mm/sec) in 5 patients. Systolic 

L function, as evidenced by ejection fraction, was well maintained (greater 

Wee than 60 percent) in 18 of 19 patients. Thus, it appears that echocardi- 

E. ographic abnormalities can be detected in many patients with a systemic 

y disease associated with infiltrative cardiomyopathy even before clinically 

evident heart disease develops. 
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Echocardiography has been used in recent years to identify and evaluate 


f patients with various forms of cardiomyopathy.!-3 However, few echo- 

k 3 cardiographic data have been reported in patients with systemic infil- 

ee trative disease known to cause cardiomyopathy. In this study, we used 

is echocardiography to analyze the cardiac status of 19 adults with such 

Bess disease. 

E | Methods 

" : Patients: The study population comprised 19 men and women aged 20 to 4 


x 67 years. Each had a systemic disease known to be associated with infiltrative 
^ cardiomyopathy: 4 had systemic amyloidosis, 10 had chronic idiopathic hy- 


É pereosinophilic syndrome (defined as a total eosinophil count of 5,000 to 
T 200,000/mm? present for 2 to 20 years without apparent cause),! and 5 had 
3 myocardial iron overload as a result of multiple blood transfusions (more than 
d 100 units) for long-term treatment of refractory anemia (beta-thalassemia).^ 
Bolo i Each had been admitted to the National Institutes of Health for evaluation and 


treatment of the primary disease; none had been admitted because of cardiac 
| difficulties. Cardiac studies included history and physical examination, elec- 
A trocardiography, chest roentgenography and echocardiography. 
Echocardiographic measurements: Echocardiographic studies were per- 
us formed with an ultrasonic unit consisting of an Aerotech transducer (2.25 me- 
vr | gahertz, 1.25 cm diameter, unfocused), Ekoline 20A ultrasonic receiver, Hew- 
fe lett-Packard X-Y display, custom built video amplifier and Honeywell 1856 strip 
chart recorder. Each patient was studied in a basal state in the supine position.9? 


E From the Cardiology Branch, National. Heart, End-diastolic and end-systolic transverse dimensions of the left ventricle were 


Lung, and Blood Institute, Bethesda, Maryland. 


i i ; eps de obtained by taking the maximal and minimal distances between the ventricular ° 
as ape la oe Pace termes septum and posterior free wall when the ultrasonic beam was being reflected 

z September 8, 1976. from a region at or just caudal to the tip of the mitral valve leaflets. Ventricular 

3 Address for reprints: Jeffrey S. Borer, MD, septal thickness and posterobasal left ventricular free wall thickness were 

.. Cardiology Branch, National Heart, Lung, and measured before atrial systole but after rapid ventricular filling. Maximal left 

E: Blood Institute, Bldg. 10, Room 7B-15, Bethesda, atrial transverse dimension was taken as the maximal distance between the 

-. Maryland 20014. | posterior aortic wall and the posterior left atrial wall and was measured in the, 
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damped portion of the record when the ultrasonic beam 
passed through the aortic valve leaflets.9? Left ventricular 
end-diastolic and end-systolic volumes were estimated using 
the cubed assumption.!? Ejection fraction and left ventricular 
mass were determined using previously described tech- 
niques.!!:!2 The rate of early diastolic closure of the anterior 
leaflet of the mitral valve (E-F slope) was determined in the 
section of each echocardiogram in which the anterior and 
posterior mitral leaflets were visualized simultaneously and 
maximal excursion of the anterior mitral leaflet was 
noted.!? 

The range of normal values for echocardiographic mea- 
surements was determined by measurements made previously 
in this laboratory in 40 adults without systemic hypertension 
or evidence of cardiovascular disease. Normal values were 
consistent with the data of others, ^1*^!5 except that values for 
the mitral valve E-F slope differed from the data of Quinones 
et al.,!? who have demonstrated the potential importance of 
this measurement. In our laboratory, the velocity of closure 
of the anterior mitral leaflet in early diastole is measured in 
every patient from point E to point F (that is, E-F slope) (Fig. 
1). Quinones et al.!? measured the E-F slope in some patients 





TABLE I 
Summary of Cardiac Abnormalities in 19 Patients With Infiltrative Diseases 
Symp- Abnormal 
tomsof Abnormal Electro- Abnormal Abnormal Echocardiogram 
Heart Physical cardio- Chest 
Case no. Disease Disease Signs gram X-ray Mass S/PW LVTDp E-F Slope LATD EF 
Group A: Major Clinical Abnormalities 
1 Eo + + + + + + - + + -— 
2 Eo + + + + + + + +t 0 + 
3 Am + + + + + + +* + - 
4 Am + + B — + B >x +* + — 
5 Iron + + + B + + js +t + Ee 
Group 5/5 5/5 5/5 3/5 5/5 5/5 2/5 5/5 4/4 1/5 
total (3/5*) 
Group B: Minor Clinical Abnormalities 
6 Eo rt +t B su + + = +t s c 
7 Eo ~ + E es + + + +t B - 
8 Iron 2 * * > + + = +t yi e 
9 Am — 4 + = + + — +* = I. 
Group 0/4 4/4 4/4 0/4 4/4 4/4 0/4 4/4 1/4 0/4 
total (1/4*) 
Group C: No Clinical Abnormalities 
10 Am — — = ~ + + Ee +t sie = 
11 Eo — — — — + + —- T + — 
12 Eo — — - -— + + + — + = 
13 Eo — -— — — + + — — — — 
14 Eo -— — — — * * - m 0 — 
15 Eo x: ae = = B E = 0 + A 
16 Eo — — — — B + B zn 4 I 
17 Iron — — — — + + + — + — 
18 Iron — — — — + + = — + = 
19 Iron — — — — * * — — * = 
Group 0/10 0/10 0/10 0/10 10/10 10/10 4/10 2/9 7/9 0/10 
total (1/9*) 
ATA Pet DEL o No E PAS CORN PTT N d IN VA i A A ST T AE NOAT. CEDA P E E AN E DER PIAS A DELEA TR TABDA E s Ye a 
All Groups 
no. 5/19 9/19 9/19 3/19 19/19 19/19 6/19 11/18 12/17 1/19 
% 26 47 47 16 100 100 32 61 71 5 
(5/18*; 
28%) 
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and the E-F, slope (Fig. 1) in others. Use of the latter slope 
results in a lower value for mitral valve closing velocity than 
use of the former. Thus, Quinones' values for the slope of early 
mitral valve closuré in normal subjects were generally lower 
than those recorded in normal subjects in our laboratory. 
However, since the discrepancies between the range of normal 
values in the two studies may not be due to this methodologic 
difference alone, we evaluated our E-F slope data using both 
our normal values and those of Quinones. Accordingly, E-F 
slope values of less than 100 mm/sec (our lower limit of nor- 
mal) were classified as abnormal and values of less than 60 
mm/sec (Quinones’ lower limit of normal) were classified as 
severely abnormal. Statistical assessments were performed 
with the use of Student's ¢ test. | 


Results 
Clinical Findings 


Of the 19 patients, 10 had no overt evidence of cardiac 
disease as determined by history, physical examination, 


electrocardiography or chest roentgenography (Table — 
D. None had historical or other evidence of heart disease . 
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* Severely abnormal E-F slope («60 mm/sec); f abnormal E-F slope («100 mm/sec but 760 mm/sec). 
+ This patient's symptoms included only palpitations, and his abnormal physical sign was premature systoles. 
+ = abnormality present; — = abnormality absent; 0 = measurement could not be assessed. 
Am = amyloidosis; E-F slope = initial closure (E-F) slope of mitral valve; EF = ejection fraction of left ventricle; Eo = idiopathic hypereosino- 
philia; Iron = iron overload; LATD = transverse dimension of left atrium; LVTDp = left ventricular transverse dimension at end-diastole; S/PW = 
e ratio of thickness of interventricular septum to thickness of posterior wall of left ventricle. 
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attributable to any other cause including rheumatic 
fever, congenital abnormality, coronary artery disease 
or hypertension. Nine patients had some clinical evi- 
dence of cardiac abnormality. However, only five of the 
nine (two with amyloidosis, two with hypereosinophilia 
and one with iron overload) had clinical findings de- 
scribed previously in patients with infiltrative cardio- 
myopathy (including poor exercise tolerance, pulmo- 
nary and peripheral congestive symptoms usually with 
pulmonary vascular congestion on chest X-ray exami- 
nation; electrocardiographic abnormalities [including 


. conduction disturbances, arrhythmias, voltage abnor- 


malities or ST-T abnormalities]; fourth heart sounds 
or systolic murmurs of minimal mitral regurgitation). 
The remaining four had electrocardiographic abnor- 
malities, including atrioventricular conduction abnor- 
malities, ventricular arrhythmias or nonspecific S-T and 
T wave changes; three of these patients also had a 
nonspecific grade 2/6 systolic murmur, one had two 
early systolic clicks and one (aged 44 years) had a loud 


- fourth heart sound verified by phonocardiography and 


associated with a palpable presystolic impulse. The 
abnormalities in history, physical examination and 
electrocardiogram and chest roentgenogram were evenly 


. distributed among patients with the three diseases 
studied. 


Echocardiographic Findings 
Although only 9 patients had clinical evidence of a 


- cardiac abnormality and only 5 had findings suggestive 












FIGURE 1. Echocardiogram of a normal mitral valve demonstrating 
normal initial mitral valve closure (E-F) slope (dashed line). Points E, 
Fo and F on the anterior leaflet of the mitral valve are noted. A 12 mm 
calibration marker is shown at upper right; each pair of calibration lines 
is separated by 2 mm. PW - posterior wall of left ventricle; RV — right 
ventricle; S — interventricular septum. 
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of cardiomyopathy, all 19 had at least one major echo- 
cardiographic abnormality (Table I, Fig. 2 and 3). Es- 
timated left ventricular mass was increased (more than 
275 g) in all 19 patients (mean 417 g for the entire 
group). The left ventricular free wall and septum were 
thickened (more than 11 mm) in all 19 patients (mean 
15.3 mm). The septal/posterobasal free wall thickness 
ratio® was less than 1.3 in all patients. Left ventricular 
internal dimension at end-diastole was slightly in- 
creased (more than 52 mm) in five patients and was at 
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p DIMEN. SON LV MASS 
FIGURE 2. Abnormalities of cardiac anatomy demonstrated with 
echocardiography in 19 patients with systemic disease known to be 
associated with infiltrative cardiomyopathy. LV = left ventricular. 
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MITRAL CLOSURE LA TRANSVERSE EJECTION e 
VELOCITY DIMENSION FRACTION 


FIGURE 3. Abnormalities of cardiac function and anatomy demonstrated 
with echocardiography in 19 patients. Mitral valve closure was mea- 
sured in only 9 of the 10 patients with hypereosinophilia and left atrial 
(LA) size in only 8 of these 10. The mitral valve closure velocity of less 
than 60 mm/sec (dagger and dashed line) is considered severely ab- 
normal (see Methods). 
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the upper limit of normal in one; in two patients, it was 
at the lower limit of normal (40 mm) and in another was 
slightly subnormal. The maximal left atrial transverse 
dimension was increased (more than 35 mm) in 12 of the 
- 17 patients (71 percent) in whom it was measured. By 
- comparison with the normal values used in this study, 
the mitral valve closure (E-F) slope was reduced (less 
than 100 mm/sec) in 11 of the 18 patients in whom it 
could be measured and was classified as severely ab- 
normal (less than 60 mm/sec) (see Methods) in 5 of the 
18 (28 percent). However, the ejection fraction exceeded 
60 percent in 18 of 19 patients and was 71 percent for the 
group as a whole. Finally, a small and otherwise unde- 
tected pericardial effusion was noted in 5 of the 19 pa- 
tients (26 percent), 3 with hypereosinophilia and 2 with 
amyloidosis. 

The echocardiographic abnormalities were commonly 
present and were widely distributed among patients 
with the three types of disease (Fig. 2 and 3). Figure 4, 
taken from an M-mode scan in a patient with hy- 
pereosinophilia, shows the typical echocardiographic 
abnormalities found in symptomatic and asymptomatic 
patients with each disease studied. 


Discussion 


Clinical deterioration and death often rapidly follow 
the advent of clinically apparent heart disease in pa- 
tients with a systemic disease associated with infiltrative 
cardiomyopathy.!9-15 However, the lack of a sensitive 
and convenient noninvasive indicator of cardiomyo- 
pathic changes has rendered diagnosis difficult until the 
disease is at an advanced stage. Thus, an accurate as- 
sessment of the prevalence and natural history of the 
cardiac involvement in patients with such systemic 
diseases has been impossible. Moreover, the few re- 
ported catheterization studies of cardiac function, ?*! 
and most of the available pathologic-anatomic data have 
been obtained from patients with severe or end-stage 
disease. 

Reported cardiac pathologic findings: Published 
necropsy studies have demonstrated some fairly con- 


..— gistent findings. Thus, in patients with hemochroma- 


tosis, with and without anemia, the heart is generally 
hypertrophied and the ventricles are dilated and have 
thickened walls?:!7; although occasionally the myocar- 
dium has been found to be “flabby” (probably a mani- 
 festation of very late, preterminal myocardial dys- 
function in this disease??), the ventricular walls most 
often are stiff. In cardiac amyloidosis, the wall thick- 
ening is even more marked and the left ventricle is often 
particularly stiff and noncompliant. The left ventricular 
cavity is often normal in size, although it may be dilated; 
the left atrium is usually dilated, presumably as a result 
of diminished left ventricular compliance.?? Similarly, 
in the heart of patients who die with idiopathic hy- 
pereosinophilia,^!924 the ventricular cavity may be 
normal or, rarely, small but is often mildly or moder- 
ately dilated, and the left ventricular myocardium is 
thickened and noncompliant and the left atrium often 
dilated. | 


ECHOCARDIOGRAM AND INFILTRATIVE CARDIOMYOPATHY—BORER E 


Thus, necropsy studies suggest that common features 
of patients dying with infiltrative diseases include . 


m.m a a 


v 


thickened, apparently noncompliant ventricular walls, © 
often with a concomitantly dilated left atrium, with or — 


without left ventricular dilatation. 


Significance of echocardiographic findings: | 
These observations necessarily have been made pri- . 


marily after examination of patients who died with se- 


vere (usually end-stage) cardiac involvement. In con- — 


trast, we used echocardiography in this study to assess 


certain cardiac anatomic and functional measures in - 


patients in different phases of the infiltrative process, - 


some of whom had no clinical evidence of heart disease. 
However, our echocardiographic findings in patients 


with and without clinical evidence of cardiac involve- 


ment were consistent with the necropsy findings. In the | 


five patients with clinical findings suggestive of infil- - 


trative cardiomyopathy, we found echocardiographic ~ 
evidence of increased left ventricular mass. In all cases, — 
this was predominantly secondary to a symmetrical . 
increase in the thickness of the left ventricular free wall — 


and interventricular septum. The left ventricular cavity 


was mildly dilated only in one symptomatic patient; this - 


patient had hypereosinophilia and moderately severe _ 


clinical manifestations of cardiac disease. All five pa- - 
tients with clinical evidence of cardiac disease demon- _ 
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FIGURE 4. Echocardiogram of a patient with idiopathic hypereosino- 
philia. Recording was part of an M-mode scan and was made immedi- 
ately below the tips of the mitral valve leaflets. A 1 cm calibration 


marker is shown at upper right. LVTDp and LVTDs = left ventricular — 


transverse dimension at end-diastole and at peak of systole, respec- 


tively; PW = posterior wall of left ventricle; RV = right ventricle; VS. 


= interventricular septum. 
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strated, in addition to increases in wall thickness and 
mass, a diminished rate of early diastolic mitral valve 
closure, with three of the five manifesting very severe 
E-F slope diminution. In the absence of mitral stenosis, 
this diminution suggests the presence of diminished 
ventricular compliance.!? Such an aberration of ven- 
tricular diastolic function is consistent with the few 
cardiac catheterization studies performed in patients 
with clinically apparent cardiomyopathy associated 
with these diseases.!?-?! The decrease in compliance 
would be expected to lead to an increase in left ven- 
tricular filling pressure and thereby to left atrial dila- 
tation; an increase in left atrial transverse dimension 
was found in all four clinically affected patients in whom 
this measurement was made. Despite these abnor- 
malities in mass and E-F slope, systolic function, as 
assessed by ejection fraction, was well maintained; 
ejection fraction was less than 60 percent only in the 
patient with hypereosinophilia who also had mild left 
ventricular dilatation. 

Echocardiographic abnormalities among the re- 


. maining 14 patients (including 4 asymptomatic patients 
- with electrocardiographic and auscultatory abnor- 
.— malities and 10 with no clinical evidence of heart dis- 
. ease) were qualitatively and quantitatively similar to 


a ear 


those in the clinically affected patients. Thus, all had 
echocardiographic evidence of increased left ventricular 
mass, predominantly secondary to symmetrical thick- 
ening of the left ventricular free wall and septum. Six 
of the 14, 1 with minor electrocardiographic abnor- 
malities and 1 with no clinical abnormality, had a di- 
minished E-F slope (severely diminished in 2 of these 
12), whereas 8 of 13 had an increased left atrial 
transverse dimension. The ejection fraction was normal 
inalll4. 

Clinical implication: Although only 5 of the 19 pa- 
tients had the clinical findings previously reported in 
patients with infiltrative cardiomyopathy, echocardi- 
ographic abnormalities were present in all 19, including 
10 with no clinical cardiac abnormalities of any kind. 
Because (1) no patient had evidence of cardiac disease 
due to any other cause, (2) many of the echocardiogra- 
phic abnormalities in the five patients with clinical ev- 
idence of cardiac involvement were also found in the 
clinically normal patients, and (3) these abnormalities 
are consistent with findings in previous pathologic- 
anatomic studies and in an earlier echocardiographic 
study,?? we believe it is likely that these echocardi- 
ographic abnormalities are related to cardiac involve- 
ment by the infiltrative process. 
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To examine the usefulness of the surface electrocardiogram in predicting 
left ventricular wall thickness as determined with echocardiography, 
standard echocardiograms, electrocardiograms and Frank lead vector- 
cardiograms were obtained in 30 volunteers. End-diastolic thickness of 
the interventricular septum and free posterior wall was measured from 
the echocardiogram and compared with the sum of the S wave in lead 
V4 plus the R wave in lead Vg (Vs,+r,) and the magnitude of the Frank lead 
vector (V), a scalar function obtained from a simple analog device. The 
maximum of V,, the summated vector (V,), was highly correlated with 
Vs,+r, (r = 0.84). There was significant correlation between the sum- 
mated vector and Vs,+,, and the thickness of the interventricular septum 
(IVS) (r — 0.73 and 0.66, respectively). The best least mean square fit 
for the population was V, — 1.7 IVS — 0.39. There was no significant 
correlation between these variables and the end-diastolic thickness of 
the posterior wall. Volunteers who were athletically inclined or were 
joggers tended to have larger summated vector values and evidence of 
symmetric or asymmetric left ventricular hypertrophy in the echocardi- 
ogram. 

It therefore appears that the thickness of the interventricular septum 
has a greater influence on the summated vector and Vs,.g, than the 
echocardiographically assessed thickness of the free posterior wall of 
the left ventricle. The implications of these findings in the light of recent. 


reports about the incidence of echocardiographically diagnosed left. 


ventricular hypertrophy are discussed. 


Of the various noninvasive techniques available to the clinician, the 
vectorcardiogram is among the least used. Although the spatial concept 
of evaluating electrocardiograms is well established, the presence of three 
phase trajectories representing frontal, sagittal and transverse planes! 
requires a level of sophistication and pattern recognition that is usually 
resorted to only for improved interpretation of equivocal electrocardi- 
ograms. | 

Various methods have been proposed to extend the usefulness of the 
vectorcardiogram and to simplify its analysis.!-? Dower et al.,??.!? using 
a small analog computer, synthesized the polar coordinates of the Frank 
lead vectorcardiogram and investigated changes in this “polarcardi- 
ogram" in normal and diseased states. In a study in children, Ellison et 
al.'112 attempted to correlate the degree of pulmonary and aortic stenosis 
with the manually calculated magnitude of, respectively, the right and 
left mean spatial vectors. More recently, the absolute value of the Frank 
lead QRS vector as a function of time has been used for monitoring 
(Vectan II),* evaluating infarct size!? and estimating left ventricular 
hypertrophy.?9 
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TABLE! 
. Composite Data From 30 Normal Volunteers 
Women (no. = 16) Men (no. = 14) 

Age range (yr) © 22-35 21-32 
BSA (m?) 1.6 + 0.11 2.0 * 0.14 
IVS (cm) 0.96 + 0.16 1.2 * 0.22 
PW (cm) 0.96 * 0.07 1.1 * 0.09 
LV mass (g) 113 +14 147 * 24 
LV mass/BSA 71.4 £ 77 72.9 * 10.3 


All results except for age range are expressed as mean value + 
-standard deviation. 
A body surface area; IVS = 
= left ventricle; PW = posterior wall thickness. 


There is now an increased interest in the use of simple 


. multiple noninvasive techniques to evaluate symp- 
tomatic and asymptomatic patients with heart disease. 
_It therefore seemed appropriate to formulate prelimi- 


nary studies to assess the ability of the absolute value 
- of the Frank lead QRS vector (Vp), a scalar function, for 


. predicting abnormalities in another noninvasive tech- 


E nique such as the echocardiogram. The results of such 
- studies would also define the appropriateness of a scalar 


function such as Vr as a mass screening measure. 
Methods 


- Subjects: Thirty-one asymptomatic volunteers, aged 21 to - 


35 years, who had no history of heart disease formed the basis 
of this study (Table I). All subjects were examined by one of 
us before an electrocardiogram, Frank lead vectorcardiogram 
and echocardiogram were obtained. The data from one 
subject, removed from the study because of the incidental 
finding of aortic insufficiency, are not included. The remaining 
members of this group had normal findings on physical ex- 
- amination and chest roentgenogram. Although most were 
. physically active and five (one woman and four men) jogged 
- regularly, none engaged in formal competitive sports. These 
- volunteers were recruited from among the house staff, medical 
- students and nurses of the Mount Sinai Medical Center. They 
- will be referred to as normal subjects in this study. 
Echocardiograms: These were obtained with Unirad 
- equipment using a 2.25 megahertz transducer. Data were re- 


- corded on a strip chart recorder and analyzed independently 


by two observers. Some echocardiograms were obtained in the 
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‘FIGURE 1. Schematic diagram of the recording apparatus for obtaining 
_ the magnitude of the Frank lead vector, V. 
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interventricular septal thickness; 
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TABLE II 


Echocardiographic Abnormalities Observed in 30 
Normal Subjects 


Women Men 
ASH ( YÈ > 1.3) 1/16 3/14 
LV See Eo 0/16 2/14 


Number of cases presented as a fraction of the sample. ASH = 
asymmetric septal hypertrophy; IVS = interventricular septum; LV = 
left ventricular; PW = posterior wall. 


septal dimensions. The ultrasonic transducer was kept normal 
to the chest wall in the manner described by Feigenbaum, !# 
and measurements of wall thickness and cavity diameter were 
made at a level below the mitral valve. Thicknesses of the 


_ posterior wall and interventricular septum were taken as di- 


mensions of the structure at the end of diastole at the peak of 
the QRS complex. 

Left ventricular volumes were calculated from the formu- 
lald 


7 
vom (ee) 
D +2.47’ 
which assumes an ellipsoid of revolution of volume (V) and 
echocardiographic determined diameter (D). 
Left ventricular mass was estimated by the formula 


Miy -P (Vr d Vp), 


where P is the density of heart muscle, Vr is the total volume 
of the ellipsoid whose diameter is equal to the sum of the left 
ventricular end-diastolic diameter plus the end-diastolic 
thickness of the interventricular septum and posterior wall 
and Vp is the left ventricular volume at the end of diastole. 
Frank lead vectorcardiograms: These were obtained with 
standard lead placement. An Electronics for Medicine vec- 
torcardiographic channel and cable was adapted to accept 
American Hospital Supply monitoring electrodes to minimize 
drift and provide a stable baseline. The instantaneous values 
of the X, Y and Z components of the Frank lead vector system 
were generated by the Electronics for Medicine vector chan- 
nel, and analyzed by a simple inexpensive analog device that 
formed the positive square root of the sum of the instanta- 
neous values of X? plus Y? plus Z? signals as a function of time. 
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FIGURE 2. Frequency distribution of summated vector (V;) for 30 normal 
volunteers. Summated vector voltages are shown in groupings of 0.2 
mv. Values range from 0.54 to 2.56 mv; the mean value of the sample 
is 1.41 mv. 





FIGURE 3. Study from a normal 
volunteer with a large summated 
vector value. Upper left, instanta- 
neous time recordings of Frank 
leads X, Y and Z with simultaneous 
recording of the magnitude of the 
spatial vector (V;). Upper right, 
electrocardiogram. Center, echo- 
cardiogram showing interventricular 
septum (IVS) and posterior wall 
(PW). The mitral valve (MV) is also 
labeled. 


This device consisted of two Teledyne-Philbrick log modules 
and buffer amplification (Fig. 1). 
The scalar representation of the spatial vector, Vs, 


Vi = VX? + Y? + Z (magnitude of the spatial vector 
as a function of time), 


was then independently analyzed by two of us and its absolute 
magnitude, V, referred to as the summated vector, was then 
determined. Symbolically, the summated vector obeyed the 
relation 


V, (summated vector) = maximal V; 
= Max v X? + Y? + Z?. 


Electrocardiograms were performed in the standard 
manner. No abnormalities were observed aside from one case 
of left axis deviation and two cases of left ventricular hyper- 
trophy by voltage criteria. 


Results 
General Data 


Summated vector: The 30 normal subjects had V, 
(summated vector) values that ranged from 0.5 to 2.5 
mv. The frequency distribution chart of the summated 
vector (Fig. 2) shows a range of values corresponding 
closely to those of the larger sample analyzed by Dower 
et al.?^? Several subjects had summated vector voltages 
greater than 2 mv, which is the upper limit of normal 
defined by Dower.? 

When results of the electrocardiogram, vectorcar- 
diogram and echocardiogram were compared, the 
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subjects could be classified into two major groups. 
Subjects in group 1 had a normal electrocardiogram, 
normal summated vector (V; less than 1.9 mv) and 
normal echocardiogram. Subjects in group 2 had large 
electrocardiographic voltages and hence larger values 
for summated vector; in this group a pattern of septal 
hypertrophy emerged. The records in Figure 3, which 
were obtained from a typical subject in group 2, show 
ventricular hypertrophy by voltage criteria in the 
electrocardiogram, a summated vector value of 2.3 mv 
and an echocardiogram consistent with asymmetric 
septal hypertrophy. Only one member of group 2 had 
an asthenic body habitus. 

Echocardiogram: Tables I and II summarize the 
echocardiographic results and categorize the abnor- 
malities recorded in this group of normal subjects. Most 
subjects had a normal echocardiogram and none had an 
echocardiographic value for left ventricular mass per 
body surface area greater than 92 g/m?. However, among 
both men and women, though predominantly among 
men, there was a distinct subset whose data were 
strongly suggestive of septal hypertrophy (defined as 
a ratio greater than 1.3 between thickness of the inter- 
ventricular septum and thickness of the free posterior 
wall)!$ and less strongly suggestive of posterior wall 
hypertrophy. This was demonstrated by the mean 
values (+ standard deviation) for thickness of the in- 
terventricular septum (1.2 + 0.22 cm) and thickness of 
the posterior wall (1.1 + 0.09 cm) found in the men (Fig. 
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s o Anatemic Correlates of Voltage 

Re ui f p The relations between the summated vector and the 
fi E 6 m data obtained from the echocardiogram are shown in 
E a> Figures 6 and 7. There was good correlation between the 
5 | c 4 TER thickness of the interventricular septum (IVS) and the 
E ZK s j summated vector (Vj). The best linear least mean 
a | 2 e square fit between these two variables was: 

E. E : Ii : Vr 2 1.7 IVS — 0.39, 

E | 080310 I.112 13 14 1.5 16 with a correlation coefficient of 0.73. Similarly, the sum 
E INTERVENTRICULAR SEPTUM, cm of S in V; plus R in Ve correlated well with the thickness 
|... FIGURE 4. Frequency distribution of end-diastolic interventricular septal of the interventricular septum; however, there was more 
. .. thickness for 30 normal volunteers. The data are shown in groupings scatter. The relation did not reach the same statistical 
| ... of 0.1 cm. Values range from 0.8 to 1.6 cm; the mean value of the significance and the best linear least mean square fit 
L . sample is 1.04 cm. Was 


| Vs,«n, = 2.18 IVS — 0.02, 
= 4). In our laboratory, the upper limit of normal for with & correlation coefficient of 0.66. No significant 


amm 





po: EL : : : | i 
B end-diastolic septal or posterior wall thickness is 1.1 cm. correlation was found between either the summated 
- . Classification of the abnormalities (Table II) revealed vector or Vs, +R, with the thickness of the posterior wall 
a two echographically diagnosed conditions: (1) asym- (Fig. 7). The correlation coefficient for the data given 
—. metric septal hypertrophy (found in 3 of the 14 men and in this set was only 0.35. | -i 
É -~ lof the 16 women), and (2) symmetric left ventricular From this analysis, it would appear that one of the 
- . hypertrophy (found in no women but in 2 men). major correlates of both summated vector and the sum 
E . Summated vector compared with standard of the S in V, plus the R in Vs was the echocardiogra- 
- electrocardiogram: When the summated vector (9 phically determined end-diastolic thickness of the in- 
E . was compared with conventional electrocardiographic terventricular septum, at least in the segment tran- 
- . indexes, a strong correlation was found with the elec- sected by the ultrasonic beam. 
. .. trocardiographic criteria of Sokolow and Lyon (the sum Di ; 
__ of the S wave in lead V; plus the R wave in lead V, SV aren 
a [Vs,«n4]) (Fig. 5). The best linear least mean square The summated vector: Although the summated 
: _ fit for this sample was vector (scalar representation of spatial vector) has the 
p 9,2058V 3 0/09 advantage of being simply derived, it does not provide 
ES LOI NU RIPE E the comprehensive information available from the 
21 with a correlation coefficient of 0.84. Higher values for standard vectorcardiogram or the polarcardiogram. 
——— Vs;«R; and V, were found in subjects who jogged regu- Nevertheless, it has been possible to establish certain 
E - larly or otherwise tended to be active physically. comparisons between our results and those obtained by 
1 
E 
E | Vi VS Vs + Re 
(x | 30 normol subjects 
1 ptg TE 
P 
op 
EE. 
"mc 
- $ <> 
Ie ^ į 
Pu. 
du LO 
3 2 ; 
3 V: 0.58 Vs +r t 0.09 
e rz 0.84 
ied O FIGURE 5. Relation between the summated vector (V;) 
^ O lO 20 30 40 and electrocardiographic criteria (sum of S in V, plus R 
n pep V ak wave in Vs [Vs,44,]) in 30 normal subjects. There is a 
r S, * Re strong correlation between the variables (r — 0.84). 
S s | 
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FIGURE 6. Relation between the summated vector (V;) O 
and end-diastolic thickness of the interventricular septum 0 


in 30 normal subjects. There is good correlation between 
variables (r = 0.73). 


Dower et al.?9:1? from the polarcardiogram. The width, 
magnitude and shape of the QRS complex and ST-T 
wave segments all compare favorably with those pro- 
duced by the more complex technique of Dower.? As 
shown earlier, the frequency distribution of maximal 
magnitude of the spatial vector (summated vector) and 
Dower's magnitude of the spatial vector have an almost 
identical shape. The major difference between the two 
techniques is the loss of phase angle information in our 
method. The absence of this information makes it dif- 


ficult to assess the existence of myocardial infarction 


or ischemia or to make a definitive diagnosis of left or 
right ventricular hypertrophy. Nevertheless, we believe 
that defining the magnitude of the spatial vector and 
determining the summated vector allow a rapid scan- 
ning technique to be developed that recognizes certain 
abnormalities (including right and left bundle branch 
block and ST-T wave changes) and that may correlate 
with the thickness of the interventricular septum as 
defined with echocardiography. Furthermore, since our 
technique is relatively independent of the heart's elec- 
trical axis, it provides a more representative assessment 
of the electrical activity of the heart than any other 
single monitoring lead. 

Many factors combine to determine the summated 
vector. Among those of importance are the physical 
dimensions of the chest wall and the anisotropy of the 
volume conductor that surrounds the heart. In addition, 
there have been objections raised to the orthogonality 
of the X, Y and Z scalar functions of time as generated 
by the Frank lead system. Dower? and Kornreich? have 
discussed these multiple problems in detail. In spite of 
these limitations and objections, the summated vector 
provides a measure, relatively independent of the 
heart's electrical axis, that allows one to accurately 
predict at least one echocardiographically determined 
variable—the end-diastolic thickness of the interven- 
tricular septum. 
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V, vs IVS 


30 normal subjects 
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V= I7 IVS -0.39 
r= 0:73 
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INTERVENTRICULAR SEPTUM, cm 


Comparison of summated vector with the elec- 
trocardiogram: When the summated vector was 
compared with standard electrocardiographic variables, 
a strong correlation was found between the summated 
vector and the sum of the S wave in lead V, plus the R 
wave in lead Vg. When the correlation coefficients and 
linear regressions for the 30 normal subjects were 
compared, there was no statistical difference between 
the summated vector and the sum of S in V; plus R in 
Vs obtained from the standard electrocardiogram. In 
addition, the body habitus of the study group was not 
skewed toward thin-chested persons who might be ex- 
pected to have large voltages in the electrocardiogram 





5.0 
A 
Vt vs PW 
30 normal 
subjects 
2.0 
> 
E 
c 
1.0 
O 


0.5 I.O I.5 
POSTERIOR WALL, cm 


FIGURE 7. Relation between summated vector (V;) and the end-diastolic 
thickness of the left ventricular posterior wall (PW) in 30 normal 
subjects. A scatter plot results (r = 0.35). 
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and a false positive diagnosis of left ventricular hyper- 
trophy. Romhilt et al.!? have shown that the precordial 
lead criteria for left ventricular hypertrophy are more 
sensitive than the standard limb lead criteria when 
autopsy data are analyzed. The lack of correlation be- 
tween the end-diastolic thickness of the left ventricular 
posterior wall as determined by echocardiogram and 
summated vector or the sum of S in V; plus R in Vg is 
in agreement with the results of Sjógren.!? In contrast 
with these echocardiographic results, Ishizawa et al.56 
found a strong correlation between voltage correlates 
similar to the summated vector and end-diastolic 
thickness of the lateral left ventricular wall determined 
angiographically. 

Septal versus posterior wall thickness in the 
echocardiogram as indicator of left ventricular 
hypertrophy: There are two likely explanations for our 


data. Either the thickness of the interventricular sep- 


tum, not that of the free posterior wall, determines the 
summated vector and the sum of S in V, plus R in Va in 
both the normal and the hypertrophied heart, or the 
echocardiographically determined thickness of the 
posterior wall does not accurately predict the thickness 
of the remaining free left ventricular wall, which ac- 
counts for most of the left ventricular mass. We favor 
the latter possibility. If the posterior wall thickness is 
a poor predictor of the thickness of the remainder of the 
free left ventricular wall, then our data imply that 
asymmetric septal hypertrophy in an asymptomatic 
subject may not be a distinct anatomic marker and may 
be merely an early finding of concentric left ventricular 
hypertrophy. 

It is well recognized that the stimulus to hypertrophy 
of myocardial or muscular tissue is increased wall ten- 
sion. In a structure such as the left ventricle, which can 
be approximated by an ellipsoid, as the radius of cur- 
vature increases the equivalent wall tension increases 
in a linear and stepwise manner as predicted by La- 
place's law. Any elliptical structure has an equatorial 
region that should have the largest wall tension and, 
hence, should have the greatest stimulus to hypertro- 
phy. On either side of this equatorial region, where the 
radius of curvature is less, the equivalent wall tension 
should also be less. The net effect of these forces would 
be to spare certain regions of the left ventricle from 
hypertrophy. The portion of the free left ventricular 
wall visualized in the standard TM mode echocardio- 
gram is the posterior-basilar region. This region, lying 
just below the atrioventricular groove, may be affected 
by geometric factors that prevent it from thickening as 
much as other portions of the left ventricle. Therefore, 
its thickness may not reflect the thickness of the re- 
maining portions of the free left ventricular wall. It is 
conceivable that the thickness of the interventricular 
septum may be a more accurate indicator of total left 
ventricular hypertrophy or mass. This would explain 
the correlation found between the thickness of this 
structure and the voltages from the summated vector 
or standard electrocardiogram. 

Such an assumption becomes more thought-pro- 
voking in light of a recent study by Morganroth et al.'9 
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TABLE III 


Ratios of Thickness of Interventricular Septum to 
Thickness of Posterobasal, Mid and Anterolateral 
Portions of Left Ventricle* 


Case IVS/ IVS/ IVS/ 
no. LV Posterobasal LV Midportion LV Anterolateral 
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* Data modified from Maron et al.?* 
IVS = interventricular septum; LV = left ventricular. 


in a small series of patients with electrocardiographic 
evidence of left ventricular hypertrophy and a normal 
chest roentgenogram. 'They found that 33 of their 39 
patients had “asymmetric septal hypertrophy" and 
indicated that if idiopathic left ventricular hypertrophy 
existed as a separate entity it was uncommon. Their 
results are in disagreement with earlier published data, 
which indicated a good correlation between the left 
ventricular mass, as assessed at autopsy or on angiog- 
raphy, and hypertrophy, as diagnosed with the elec- 
trocardiogram!? or vectorcardiogram.?9 Our data es- 
sentially confirm the findings of Morganroth et al. in an 
asymptomatic group. However, we believe that evidence 
of septal hypertrophy may be an early finding in con- 
centric left ventricular hypertrophy of any origin and 
conclude that this is an alternate explanation for their 
experimental observations. 

Clinical implications: Evidence of asymmetric 
septal hypertrophy in the echocardiogram of such di- 
verse groups as athletes?? and patients with Friedreich's 
ataxia,”! glycogen storage (Pompe's) disease,?? Turner’s 
phenotype,” hyperthyroidism,?* multiple lentigines?? 
and systemic hypertension? must be viewed in light of 
these considerations. Disproportionate septal thick- 
ening has recently been reported in 13 percent of pa- 
tients with a variety of cardiac diseases, most frequently 
in those with severe right ventricular systolic over- 
load.” 

Maron et al.”® investigated the incidence of asym- 
metric or disproportionate ventricular septal thickening 
associated with congenital heart malformations. Their 
data may be used as a partial confirmation of our hy- 
pothesis. At autopsy, the thickness of the left ventricle 
was measured at multiple locations along the free left 
ventricular wall. The ratio of thickness of the inter- 
ventricular septum to thickness of the posterior wall 
clearly indicated asymmetric septal hypertrophy in all 
their cases. However, Table III uses their data to com- 
pare the ratio of the thickness of the interventricular 
septum with the thickness of various portions of the free 
left ventricular wall. Table III indicates that all hearts 
demonstrated asymmetric septal hypertrophy when the 
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posterobasal wall was compared with the interventric- 
ular septum. However, when the mid-left ventricular 
wall was used as a reference, only 75 percent had this 
finding. When the anterolateral wall was used as a ref- 
erence, only 38 percent showed definite asymmetric 
septal hypertrophy. In each patient, the value of the 
ratio of the interventricular septum to the anterior wall 
was less than the ratio of the interventricular septum 
to the posterobasal region of the left ventricle. 

'The echocardiographically determined thickness of 
the posterior portion of the free left ventricular wall may 
thus be a poor indicator of the true state of the re- 
maining free left ventricular wall. The strong correlation 
between vectorcardiographic voltages and time intervals 
with angiographically assessed lateral wall thickness 
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demonstrated by Ishizawa et al. is additional evidence 
in favor of our thesis. Our results are in accord with the 


4 i mE y EFA UT ERES 
VENTRICULAR WALL THICKNESS—BAHLER ET AL. - 


data of Roeske et al.2° in that the more physically active | 


subjects in our normal group had echocardiograms 
consistent with thickening of the interventricular sep- 
tum. Only one physically inactive subject had asym- 
metric septal hypertrophy. All other subjects with 
asymmetric or symmetric left ventricular hypertrophy 
were physically active. 

Shah?? has suggested caution in applying currently 
available echocardiographic criteria in the diagnosis of 
asymmetric septal hypertrophy. Our findings indicate 
that further studies are warranted to define the limits 
that must be placed upon this echocardiographic diag- 
nosis. 
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Sleep Disturbances After Open Heart Surgery 


This study was designed to document quantitatively the sleep disturbances 
that occur after open heart surgery and to investigate a group of patients 
who underwent a thoracic surgical procedure not involving cardiopul- 
monary bypass. Nine patients were studied, six after open heart surgery 
and three after partial or complete pneumonectomy. In each patient, sleep 
patterns were recorded with use of all night polygraphy before and after 
operation and for up tc 5 weeks on follow-up studies. After open heart 
surgery, patients manifested considerable suppression of electrophysi- 
ologic evidence of sleep as well as prolonged suppression of both rapid 
eye movement and slow wave sleep patterns. In the three patients 
subjected to thoracotomy these sleep indexes returned to preoperative 
levels much earlier. Evidence of stage 2 sleep was present in one of the 
three patients with thoracotomy on the first postoperative night, and in 
two of the three both rapid eye movement and slow wave sleep returned 
to preoperative levels by the time of hospital discharge. It is concluded 
that patients undergoing open heart surgery experience both acute and 
chronic disruptions of sieep that last well beyond the hospital period of 
convalescence. These sleep disturbances have considerable relevance 
for postoperative management. 


The management of patients after open heart surgery presents unusually 
complicated, challenging and sometimes perplexing problems. These 
problems may be aggravated by the extremely high incidence rate of 
conditions various authors have termed postoperative psychosis, delir- 
ium, psychologic disturbances or psychiatric complications. These dis- 
turbances occur in the general surgical population at an estimated in- 
cidence rate of about 0.1 percent.! The incidence after open heart pro- 
cedures has been shown to be well over 100 times this rate, ranging from 
about 13 to more than 50 percent,?-* but there are no data on the inci- 
dence after thoracotomy procedures without cardiopulmonary bypass. 
Lazarus and Hagens” have referred to these postoperative behavioral 
complications as the final common pathway for expression of a multi- 
plicity of psychophysiologic variables. The evidence to date rather 
consistently implicates an organic predisposition resulting from central 
nervous system compromise during the surgical procedure and envi- 
ronmental and psychologic precipitating factors attributable to the 
conditions of the intensive care unit and the patient’s psychologic status 
and history. 

The organic involvement stems primarily from both focal and diffuse 
damage to the brain. Hill et al.,9 for example, examined the brains of 133 
patients who died after open heart surgery; 80 percent had diffuse fat 
emboli and 31 percent had nonfat emboli. They stated that the most 
significant factor in the cause of these emboli was the duration of car- 
diopulmonary bypass, and Tufo et al.’ reached a similar conclusion. 
These studies did not include data concerning postoperative behavioral 
dysfunction. 





Perhaps the most consistently indicted nonorganic 
factor in postoperative behavioral aberrations is sleep 
deprivation and its consequences. This factor is directly 
related to the environment of the intensive care unit and 
the disruptiveness of the constant monitoring required 
after open heart procedures. Indeed, Lazarus and Ha- 
gens? have described this experience as a “unique form" 
of psychologic torture, and Dlin et al. have noted that, 
in view of the importance of sleep in the healing process, 
it is ironic that the intensive care unit is ideally suited 
to ensure prolonged sleep deprivation. In line with this 
thinking are the results of Blachly and Starr;? who re- 
ported frequent clearing of the sensorium of delirious 
patients after a prolonged sleep. 

Previous studies?:!? of electrophysiologic sleep pat- 
terns have documented severe and prolonged distur- 
bances of sleep in patients after open heart surgery. 
However, these studies have not included long-term 
follow-up data investigating the possibility of delayed 
rapid eye movement (REM) rebound and they have not 
included control subjects undergoing thoracotomy 
without cardiopulmonary bypass. This study was de- 
signed to document further the sleep disturbances in 
such patients and to investigate patients who underwent 
a thoracic surgical procedure not involving cardiopul- 
monary bypass. 

Methods 

The subjects studied were nine male volunteer patients 
from the thoracic surgery service at the Veterans Adminis- 
tration Hospital. Informed consent was obtained in all cases. 
Six subjects had open heart surgery and three partial or 
complete pneumonectomy (Table I). All patients received a 
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FIGURE 1. REM sleep stages (percent of each recording session) in 
patients after thoracotomy (top) and open heart surgery (bottom). The 
numbers within the graphs indicate case numbers; those at the bottom 
of the graphs indicate recordings before (left) and early (center) and 
late (right) after operation. 








Time on Duration of 
Case Age CP bypass Operation 
no. (yr) Procedure (min) Anesthetic Agents (min) Psychotropic Medications 
A. Patients With Open Heart Surgery 

1 42 Aortocoronary bypass 75 Morphine, nitrous oxide, 208 Percodan? (2), Empirin®(3F) 
sodium Pentothal 

2 50 Aortocoronary bypass 158 Morphine, nitrous oxide, 250 Morphine(1,2), Percodan®(7), 
sodium Pentothal Dalmane®(7), Empirin(3F) 

3 54 Aortocoronary bypass 114 Morphine, nitrous oxide, 227 None 
sodium Pentothal 

4 47 Aortocoronary bypass 187 Morphine, nitrous oxide, 395 Nembutal®(1), morphine(1,2,4), 
sodium Pentothal Valium®(1,8,10,14,F) 

5 50 Aortocoronary bypass 158 Morphine, nitrous oxide, 410 Morphine(2,3), Valium(3,7,F), 
sodium Pentothal Dalmane(7,F), Tyleno!®(F) 

6 43 Aneurysm repair 30 Morphine, nitrous oxide, 135 Morphine(1), Valium(1), 
sodium Pentothal Percodan(4,6,F), Dalmane(P) 

B. Patients With Thoracotomy 

7 76 Partial pneumonectomy 0 Fluothane, nitrous oxide, 195 Morphine(2,4) 
sodium Pentothal 

8 43 Complete pneumonectomy 0 Fluothane, nitrous oxide 195 Demerol(1,2), Percodan(6), 

Dalmane(6) 
8 67 Partial pneumonectomy 0 Halothane, nitrous oxide, 170 Morphine(1,2,5), Demerol(1), 
sodium Pentothal Valium(1) 
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CP = cardiopulmonary; F = medication given on the follow-up study. Numbers indicate the postoperative study during which the drug was 


taken; P » medication given preoperatively. 
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D. oil SETE kaon CONT A as well as daily 
. bedside neurologic examinations (including evaluation of 
= .. sensorium, reflexes, pupils and extraocular muscles) while in 
--.. the intensive care unit. Recordings in each patient were made 
B. with use of all night polygraphy both before and after opera- 
— tion. To minimize adaptation to the recording conditions, all 
å -subjects were monitored in their own private ward room rather 
nt. than i in the sleep laboratory. Recordings used two channels 
| m. of the electroencephalogram with leads Cs and C, (Interna- 
_ tional 10-20 system), two channels of eye movement recorded 
$ m from the outer canthus of each eye, one channel of muscle 
e » p activity recorded from the chin and the electrocardiogram. 
. Recordings. were made preoperatively (1 to 2 nights), post- 
. operatively i in the intensive care unit (3 to 4 nights), after re- 
. turn to the ward (2 to 3 nights) and, in three patients, at a 
: "2 | follow-up examination 2 to 5 weeks postoperatively (1 night 
~ each). Monitoring was not performed in any patient the night 
i — before o operation | or on the first night after discharge from the 
4 — intensive care unit and return to the ward. It was believed that 
ET night should be allowed for readaptation to the ward envi- 
m , Fonment. 
E. Ta aes Results 


a aE EREINA and early postoperative sleep data: 
y Data from the analyzed sleep variables are presented 
in Table II and rapid eye movement (REM) sleep data 
E are illustrated graphically in Figure 1. The preoperative 
5 - data showed, in general, some minor alterations in sleep 
E. E . patterns such as an increase in waking and stage 1, and 
- a slight suppression of stages 3 and 4 (slow wave sleep). 
Ce These data are not considered grossly abnormal,!! 
; 3 ` es specially i in light of the high level of anxiety normally 
J i present in preoperative patients. Among patients 
E. - studied on 2 nights preoperatively, sleep patterns did 
i E not differ significantly on the 2 nights. Thus, any al- 
. teration of sleep patterns due to adaptation to the re- 
E i . cording conditions is believed to be minimal. All but one 
- — patient who had open heart surgery (Case 6) showed a 
total absence of electrophysiologic evidence of sleep (12 
3 _ to 14 hertz spindles in the electroencephalogram) until 
Ww: ie - the 2nd postoperative night. In nearly all instances, 
E. records taken on the 1st postoperative night showed a 
p. . preponderance of low voltage mixed frequency elec- 
S Br _troencephalographic activity throughout most of the 
^E night. Considerable muscle artifact appeared across all 
i N recording channels. These electrophysiologic signs are 
EC . indicative of both cortical and somatic arousal. Short 
a episodes of stage 1 sleep (generally accepted as a tran- 
^. sitional stage from wakefulness to sleep) were inter- 
-. spersed throughout the night. 'These were characterized 
E a by rolling eye movements in the eye movement re- 
E . cordings, an increase in theta activity (4 to 7 hertz) in 
AS. the electroencephalogram and an overall decrease in 
muscle artifact. Five of the six patients with open heart 
- surgery showed no evidence of REM sleep until the 4th 
A ` postoperative night (although Patients 2 and 6 had no 
E . recordings on their 3rd postoperative night). 
i Follow-up data: Because of the small number of 
E subjects i in the thoracotomy group, meaningful com- 
_ parisons with the patients who had open heart surgery 
. are limited. It is clear that the electrophysiologic indi- 
E .. cators of sleep as well as REM and slow wave sleep were 
E “acutely oai ERU in pénis after thoracotomy. Ip two 
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of these three patients (Cases 7 and 8), both REM and 
slow wave sleep had returned to control levels by the 
time of discharge from the hospital. In contrast, Pa- 
tients 1, 2 and 5 in the open heart surgery group had 
evidence of REM suppression 2 to 4 weeks after hospital 
discharge (Fig. 1). At 5 weeks, REM sleep in Patient 5 
had returned to the preoperative level. At 3 weeks, Pa- 
tient 6, who had the shortest cardiopulmonary bypass 
and surgical times, had a slightly elevated REM time 
compared with preoperative data. Follow-up monitoring 
revealed considerable suppression of slow wave sleep 
in two of fcur patients (Cases 1 and 5). In Case 5, this 
was still evident in the 5 week follow-up study. In Pa- 
tient 2, there was some evidence of slow wave sleep re- 
bound 4 weeks after discharge. Follow-up data were not 
obtainable in the patients who underwent thoracoto- 
my. 

Neurologic and psychiatric findings: No patient 
demonstrated signs of focal or diffuse neurologic deficits 
preoperatively, and none had a history of significant 
psychiatric illness or sleep disturbance. Postoperatively, 
no patient had any evidence of neurologic dysfunction 
or signs of postoperative psychosis or delirium. Sub- 
jectively, all patients reported considerable difficulty 
sleeping. They found it especially difficult to compen- 
sate for nocturnal sleep disturbances by napping during 
the day and uniformly attributed their difficulty to 
persistent disruptions by nurses and the constant ac- 
tivity of the intensive care unit during the normal op- 
erating hours. This indicates that most of the patient's 
sleep was concentrated during the nocturnal hours. 


Discussion 


'These data substantiate the belief that severe post- 
operative sleep disturbances occur after both open heart 
surgery and thoracotomy. Our findings are in essential 
agreement with previous reports of extensive depriva- 
tion and fragmentation of sleep during the postopera- 
tive period after open heart surgery. With regard to 
REM sleep, our results are most in accord with those of 
Elwell et al? who reported virtually complete sup- 
pression of REM sleep in the immediate postoperative 


period with a relative suppression continuing “well into _ 


convalescence.” These data apply to recordings made 
on the 4 consecutive nights subsequent to discharge 
from the recovery room. Our three patients who un- 


derwent thoracotomy provided a striking contrast, 


showing evidence of spindling sleep (stage 2) as well as 
REM sleep by the 1st and 2nd postoperative nights, 
respectively. The comparatively rapid recovery of pre- 
operative sleep patterns in this group is documented by 
the return, in two of our three patients, to preoperative 
sleep patterns by the time of hospital discharge. 

Open heart versus thoracotomy data: Direct 
comparison of the data from our patients with open 
heart surgery and thoracotomy is complicated by the 
use of cardiopulmonary bypass and the generally longer 
operative times in the former group. However, the data 
from Case 6 (open heart surgery) and Case 7 (thora- 
cotomy) provide an interesting comparison. Both pa- 
tients had similar operative times, and both were dis- 
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charged from the hospital at approximately the same 
time. In both patients preoperative levels of REM and 
slow wave sleep had returned by the time of the last 
recording, which was always within 24 to 36 hours of the 
time of hospital discharge (Table II). These findings 
suggest that the total duration of the operative proce- 
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dure is a crucial determinant in the persistence of 
postoperative sleep disturbances. 

In spite of considerable REM suppression in the pa- 
tients with open heart surgery, in the immediate post- 
operative period none, with the possible exception of 
Case 6, had evidence of REM rebound in the follow-up 


Sleep Stages (percent of records) and Recording Time (minutes) in Nine Patients Before, During and After Operation 





R Study Postoperative Study Follow-Up Study 
se PEU SNS ANC QU 
no. 1 2 1 2 3 4 5 6 7 8 9 14 1 2 
xu AERE ORO ESL ROMS PORE AMAN KAEN Noi SE COOPER GERNE ce Lec CR ERE Grub D eura Ub CINE a Nae Mae REE Ode BA be A c LT 
(2 wks) 
1 W/1 15.8 100.0 100.0 85.7 5.6 19.3 19.2 
2 45.8 0.0 0.0 14.3 2.7 74.2 61.1 
REM 24.8 0.0 0.0 0.0 1.6 5.0 19.0 
SWS 13.6 0.0 0.0 0.0 0.1 1.5 0.7 
Min 397 378 382 416 70 417 496 
(4 wks) 
2 W/1 28.4 42.4 100.0 92.1 24.3 16.2 15.9 42.6 
2 51.6 36.5 0.0 7.9 63.8 70.4 72.4 33.4 
REM 15.6 16.5 0.0 0.0 11.4 12.8 9.7 10.6 
SWS 4.4 4.6 0.0 0.0 0.5 0.6 2.0 13.4 
Min 390 332 389 353 434 428 397 437 
3 W/1 23.3 100.0 80.8 56.6 55.4 14.5 
2 50.8 0.0 17.9 36.4 41.0 69.5 
REM 22.4 0.0 1.3 7.0 3.5 15.9 
SWS 3.5 0.0 0.0 0.0 0.1 0.1 
Min 417 337 366 407 367 395 
4 W/1 26.6 13.0 100.0 99.7 62.2 52.1 42.2 33.0 
2 64.2 61.0 0.0 0.3 37.4 45.7 47.1 57.3 
REM 6.3 25.5 0.0 0.0 0.0 0.0 10.6 8.8 
SWS 2.9 0.5 0.0 0.0 0.4 2.2 0.1 0.9 
Min 350 364 379 381 340 305 340 347 
(3 wks) (5 wks) 
5 W/1 24.6 29.3 100.0 100.0 100.0 97.6 89.6 Pi 2s NT 29.1 28.1 
2 49.5 46.4 0.0 0.0 0.0 2.4 10.4 TE E wd. 64.4 55.3 
REM 18.2 15.4 0.0 0.0 0.0 0.0 0.0 "e c. I 6.3 14.0 
SWS 7.7 8.9 0.0 0.0 0.0 0.0 0.0 I en Ex 0.2 2.6 
Min 441 480 360 329 304 302 247 Sey" b e aan 474 414 
(3 wks) 
6 W/1 11.3 97.8 76.7 21.7 21.2 17.0 19.9 
2 73.5 2.2 23.3 62.3 59.7 60.5 55.0 
REM 14.8 0.0 0.0 16.0 19.0 22.0 25.0 
SWS 0.4 0.0 0.0 0.0 0.1 0.5 0.1 
Min s 473 395 381 MES 460 S 441 El 462 La (ES 477 TN 
C D PATRI DONC, a e RS IRA 0C e Pon E o no hy Mae E a NER AS LAL i PCS CRIMINALES PI eee 
Patients With Thoracotomy 
7 w/1 29.0 33.3 100.0 97.5 79.9 44.0 
2 51.6 47.1 0.0 2.5 16.0 37.7 
REM 18.3 19.6 0.0 0.0 4.1 17.0 
SWS 1.1 0.0 0.0 0.0 0.0 1.3 
Min 433 435 265 397 381 438 
8 W/1 33.8 72.0 75.2 52.6 29.6 
2 41.3 28.0 24.7 47.4 50.8 
REM 15.8 0.0 0.0 0.0 11.5 
SWS 9.1 0.0 0.1 0.0 8.1 
Min 402 300 384 384 430 
9* W/1 Ma 15.1 100.0 94.7 AA AT AN (A Y tie 12 $^ A "T 
2 en 75.4 0.0 0.0 eo ANS Py P JN. TM Nos s z for 
REM burs 9.1 0.0 5.2 Rea Aes i 29 VR Te E: en ul Led 
SWS Me 0.4 0.0 0.0 eq DAT UE SEN E. T. dps DNE WE eat 
Min Ds 427 414 325 MA P d "v m NA VICO vs Pda aoe 
Hsc aes ETI IDS ds CO SPP EIR DON SN oI RP gar eee A ET ULT RR anter VS Bree CR DN s EOE WS Toss s 


Preoperative 


* Patient died of a presumed pulmonary embolus before completion of sleep study. 
Min = total recording time in minutes; REM = rapid eye movement sleep stage; SWS = slow wave sleep (stage 3 and 4); W/1 and 2 = sleep 


stages 1 and 2. 
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SLEEP AFTER OPEN HEART SURGERY ORR AND STAHL 


| evaluations. In the study of Johns et al.,!? the patients 
appeared to return to normal preoperative levels of 


. REM sleep and also had no evidence of REM rebound. 


a ^ 
pS 


That study included one patient who had postoperative 


. delirium and was studied during a 3 week period of 
 convalescence. 


Influence of psychotropic drugs: Data describing 
alterations in sleep patterns should be considered in the 
light of the known sensitivity of sleep variables to the 
effects of various drugs, particularly psychotropic 


 » compounds. Because of the variety of such drugs these 


patients received, the cause of alterations in sleep pat- 
terns must be interpreted with considerable caution. 
Patients received both REM sleep-suppressant narcotic 
compounds, such as morphine, and slow wave sleep- 


- suppressant benzodiazapine compounds, such as di- 


azepam and flurazepam (Table I).!?-14 Tt is of interest 


that in Patient 3, who received no psychotropic medi- 


cations postoperatively, REM and slow wave sleep al- 


-. terations were similar to those of other patients who had 
open heart surgery. Thus, although drugs undoubtedly 


alter postoperative sleep patterns, the operative pro- 


~ cedure itself and conditions in the intensive care unit 
. «an also substantially disrupt sleep patterns. Although 
= there was little evidence of REM rebound in these pa- 


tients, one must be aware of risks in precipitously 
withdrawing psychotropic medications.!° 
Alterations in brain metabolism: The extended 


. suppression of both REM and slow wave sleep after 


open heart surgery is compatible with the view that 


these patients have a disturbance in brain amine me- 


tabolism. This inference is based on the striking dif- 
ference between the recovery recordings in our patients 
and those reported in the classic sleep deprivation 


— studies, which showed an immediate slow wave sleep 


- rebound followed by REM sleep rebound.!6 In addition, 
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the postoperative suppression of REM sleep resembles 
-~ the pattern seen after the withdrawal of drugs that 
- greatly alter central nervous system metabolism. Wyatt 
. etal.,'! for example, gave para-chlorophenylalanine (a 


serotonin inhibitor) to patients with carcinoid syn- 
dromes, and found patterns of prolonged REM sup- 


pression after drug withdrawal. REM inhibition lasted 


for up to several weeks in three of the four patients 
studied and no compensatory rebound was seen. This 


pattern is quite similar to that in our six patients with 
. open heart surgery. Similar patterns have been reported 


with the administration of lithium carbonate to patients 


- with affective disorders.!? It is hypothesized, then, that 





the open heart surgical procedure results in a significant 
alteration in brain metabolism as reflected by the ex- 
tended suppression of REM sleep and absence of REM 
rebound. These factors could contribute to the devel- 
opment of the postoperative psychotic reaction occa- 
sionally seen in these patients. | 
Influence of the intensive care unit—clinical 
observations: From nighttime observations and patient 
reports, it is clear that much of the acute postoperative 
sleep deprivation in these patients was attributable to 
the location of the patient in the intensive care unit 
(directly in the flow of all traffic in and out of the unit) 
and to frequent disturbances required for monitoring 
of vital signs, respirator adjustments and administration 
of medications. Even the slightest disruption (for ex- 
ample, adjustment of an intravenous drip infusion) was 
sufficient to awaken the patient from sleep, as docu- 
mented by electroencephalographic changes. Such 
arousals may have considerable clinical significance 
because there are several reports!?-?! indicating that 
transitional periods from waking to sleep are especially 
provocative of ventricular arrhythmias. In addition, 
Wellens et al.?? have reported a case of persistent ven- 
tricular fibrillation upon arousal from sleep by an au- 
ditory stimulus. Moreover, in our study there were 
frequent unnecessary awakenings due to a general lack 
of awareness by the intensive care unit staff of noise 
levels, lighting conditions and other factors that would 
be conducive to sleep. For example, all lights would 
often be on until well after midnight. These factors can 
easily be corrected by a concerted staff effort to alter the 
environment of the intensive care unit at night so as to 
effect optimal sleeping conditions. It would be of in- 
terest to evaluate further the effect of presumed optimal 
sleeping conditions on postoperative sleep deprivation 
to include a group of control subjects receiving similar 
degrees of sleep disturbance in an environment (perhaps 
simulated) outside of the intensive care unit. 
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- Peripheral Venous Contrast Echocardiography 


Contrast echocardiography is the technique of injecting various echo- 
producing agents into the bloodstream and, with standard echocardi- 
ographic techniques, observing the blood flow patterns as revealed by 
the resulting cloud of echoes. These techniques have only recently been 
utilized to evaluate various cardiac defects. Two physical properties of 
these agents characterize their usefulness: (1) clouds of echoes can be 
observed downstream as well as at the injection site, and (2) the echo- 
producing quality of these agents is completely lost with a single transit 
through either the pulmonary or the systemic capillary bed. Thus, detection 
of resultant echoes in both the venous and the arterial blood pool is in- 
dicative of abnormal shunting. 

In 60 patients with a spectrum of cardiac defects and a wide range in 
age of presentation, studies were made of (1) the feasibility of performing 
contrast echocardiography with superficial peripheral venous injections, 
and (2) the clinical usefulness of this relatively noninvasive technique 
in detecting and localizing intracardiac right to left shunting. Most su- 
perficial peripheral veins could be utilized, and the resultant contrast 
echograms were reproducible and similar in quality to those obtained with 
more central (caval) injections. Right to left shunts could be localized to 
the atrial, ventricular or intrapulmonary level. Characteristic flow patterns 
were also recognized for tricuspid atresia and common ventricle. 


The concept of contrast echocardiography was introduced in the mid 
1960's, but the technique was utilized only sporadically and primarily 
to verify cardiac anatomy as assessed with ultrasound.!-? Recently use 
of the method has been extended to the evaluation of blood flow patterns 
in patients with various congenital heart defects. Previous studies 
utilizing central venous injections of echo-producing agents have es- 
tablished this technique as a sensitive means of detecting intracardiac 


. right to left shunts.*? The purpose of this study was, first, to evaluate 


the feasibility of performing contrast echocardiography with use of su- 
perficial peripheral venous injections and, second, to determine the 
clinical usefulness of this relatively noninvasive technique in detecting 
and localizing intracardiac right to left shunts. 


Methods 


Standard M mode echocardiograms were obtained with a Smith-Kline in- 
strument (Ekoline 20 ultrasonoscope) interfaced with a Cambridge recorder. 
All patients were examined in the recumbent position by means of already de- 
scribed echocardiographic techniques. For most examinations we used a 2.25 
megahertz, 7.5 or 5 cm focused transducer and in infants a 5.0 megahertz non- 
focused pediatric transducer. 

Sixty patients with various congenital and acquired cardiac defects were 
studied (Table I). Their age ranged from 2 months to 65 years (mean 20 years), 
their weight from 3.9 to 87 kg and their height from 45 to 185 cm. 

Technique: All patients were studied during cardiac catheterization, when 
an intravenous route was routinely established in a superficial vein (hand, 57 








patients; antecubital, 2; foot, 1). In adult patients a 16 or 18 
gauge (5 cm) Teflon® venous sheath was utilized. In children, 
a 20 gauge over-the-needle (3.8 cm) Teflon venous sheath or 
a 23 gauge (1.9 cm) thin-walled vein needle was used. 

A double-syringe technique (Fig. 1), with injection of 1 ml 
of indocyanine green dye followed by a manual flush of 5 to 
10 ml of isotonic saline solution into vein, was used to produce 
the contrast effect. An echocardiogram was recorded during 
each injection. The concentration of dye was varied according 
to body weight: 5 mg/ml for patients weighing more than 30 
kg, 2.5 mg/ml for those 10 to 30 kg, 1.25 mg/ml for those 5 to 
10 kg, and 0.625 mg/ml for those less than 5 kg. An average of 
two peripheral venous injections were performed in each pa- 
tient to determine reproducibility. In most patients, central 
venous injections of indocyanine green dye were also per- 
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FIGURE 1. Simulated demonstration of the double syringe technique, 
injecting into a superficial hand vein. Injection of 1 ml of indocyanine 
green (left) followed by a manual flush of 5 to 10 ml of isotonic saline 
solution (right) was used to produce the echographic contrast ef- 
fect. 
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aortic root (left to right). Left, position 3: right ventricle (RV), ventricular 

septum (VS), mitral valve (MV) and mitral valve orifice or funnel (MVF) 
are recorded with the transducer along the left sternal border and di- 

rected posteriorly. Right, position 4: right ventricular outflow (RVO), 

aorta, aortic valve (AV) and left atrium (LA) are recorded with the 
"transducer directed superiorly and medially. 
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formed during the cardiac catheterization procedure, and the 
results were used for comparison. 

In this presentation two standard transducer positions 
(comparable to positions 3 and 4 of Feigenbaum’) were uti- 
lized to record and characterize the echocardiographic con- 
trast blood flow patterns. In transducer position 3 (Fig. 2, left), 
with the transducer in the third or fourth intercostal space 
along the left sternal border and directed posteriorly, the right 
ventricular cavity, ventricular septum, left ventricular cavity 
and mitral valve echoes were recorded. Special care was taken 
so that the area encompassed by the mitral valve echo (mitral 
valve orifice or funnel) could be clearly visualized. In trans- 
ducer position 4 (Fig. 2, right), with the transducer directed 
superiorly and medially, the right ventricular outflow tract, 
aortic root and left atrium were recorded. 


Observations and Results NOM 
After peripheral venous injections, the resultant - 
contrast echograms were reproducible and similar in 
quality to those obtained with more central injections. 
Occasionally the contrast effect was less dense with 
peripheral injections, but use of a slower paper speed 
helped to accentuate the contrast density. The injection 
of indocyanine green dye with saline solution was con- 
sistently superior to injection of either saline solution 
or blood alone in producing a dense cloud of echoes (Fig. 
3). However, many substances when used alone (blood, 
saline solution, indocyanine green dye) produced sat- 
isfactory contrast, particularly in infants and in patients 
with polycythemia, severe tricuspid or pulmonary re- 
gurgitation or low output state. 


TABLE ! 
Congenital and Acquired Cardiac Defects Studied 





Patients 


Cardiac Defect (no.) 





Group ! 
No right to left shunt (19 patients) 
Normal 
Cardiomyopathy 
Congestive 2 
Obstructive 1 
Aortic stenosis 
Aortic insufficiency 
Pulmonary stenosis 
Primary pulmonary hypertension 
Atrial septal defect 
Ventricular septal defect 
Postoperative 
Aortic stenosis 1 
Tetralogy of Fallot 1 
Group Il 
Right to left shunt, atrial level (11 patients) 
Ostium secundum, isolated 
Sinus venosus defect 
Patent foramen ovale 
Atrioventricular canal 
Partial 3 
Complete 2 
Right to left shunt, ventricular level (24 patients) 
Ventricular septal defect 
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Isolated 
Tetralogy of Fallot 5 
Pulmonary atresia 14 
Truncus arteriosus 4 
Intrapulmonary right to left shunt (1 patient) 
Osler-Weber-Rendu 1 
Group III (5 patients) 
Tricuspid atresia 2 
Common ventricle 3 
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ie Au O AA i ; FIGURE 3. Contrast echocardiograms from a 27 year old 
i MASA MA, ife man after repair of tetralogy of Fallot. There were no 
n MALA MC AU wy We A Nh eA, Nina AA residual shunts. Both echograms were performed se- 
ts! 4 > E 4 ; a ^ Wee f T or . . 
aa quentially. A, a dense cloud of echoes appeared during 
H i aaa iN A i | N 1 A ventricular diastole in the right ventricle after injection 
UN Ih d PARA TRA X IN y} ny of indocyanine green dye into a superficial hand vein. B, 
Es JAZ Av, Wi VN | v j ; j fe | Z \ J T without change in echographic signal a similar injection 
T ese WP ND NN 5 NOONE ANE Az Nl IA m = fs RE was performed with 10 ml of isotonic saline solution. Note 
ri e css nt cte ut oes th ee ag or aS e me ee ap o the superior contrast effect after injection of indocyanine 
j QM we Fe green dye compared with the effect after injection of 
a saline solution. MV = mitral valve; RV = right ventricle; 
3 A rs ndm od VS = ventricular septum. 
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In the majority of patients an acceptable contrast 
_ effect could be obtained. Difficulties in demonstrating 
clouds of echoes occurred primarily in obese or em- 
physematous subjects, in whom a good quality control 
standard M mode echogram could not be obtained. 
Approximately 5 percent of contrast injections were 
-= discarded because of poor diagnostic quality and were 
. not included in this presentation. 

The results of our study are based on a previously 
established observation that, after a systemic venous 
injection of indocyanine green dye, the resultant echoes 
remain confined to the right heart chambers and nor- 
 mally do not appear in the left heart chambers. Because 
the contrast effect of these echo-producing agents is 
usually completely lost with a single transit through the 
pulmonary capillary bed, appearance of any echoes in 
the left side of the heart after a systemic venous injec- 
tion signifies the presence of an intracardiac or intra- 
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pulmonary right to left shunt. On this basis, the 60 pa- 
tients were classified into three groups according to the 
observed contrast flow patterns (Table I): group I, 19 
patients who had no evidence of a right to left shunt; 
group II, 36 patients who had evidence of a right to left 
shunt at the atrial (11 patients), ventricular (24 pa- 
tients) or intrapulmonary (1 patient) level; and group 
III, 5 patients with a specific flow pattern of tricuspid 
atresia (2 patients) or common ventricle (3 patients). 


Group | 


No patient in group I had a right to left shunt dem- 
onstrated with the standard indicator-dilution curves. 
After a peripheral venous injection of indocyanine green 
dye, the contrast effect appeared and remained confined 
to the right heart chambers (Fig. 4). Contrast echoes 
delineated boundaries of the right ventricular cavity and 
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FIGURE 4. Contrast echocardiograms. A, from a 23 year old 
woman with pulmonary stenosis and no demonstrable shunt. 
After antecubital venous injection of dye, a cloud of echoes 
appeared during ventricular diastole and remained in the right 
ventricle for approximately 7 cardiac cycles. No contrast medium 
appeared in the left ventricle. MV = mitral valve; RV = right 
ventricle; VS — ventricular septum. B, from a 5 year old boy with 
mild congenital aortic stenosis and no intracardiac shunt. After 
superficial hand venous injection of dye, a cloud of echoes ap- 
peared during diastole and remained confined to right ventricular 
outflow (RVO). AV = aortic valve; LA = left atrium. 


outflow tract and outlined the right side of the ven- 
tricular septum and atrial septum. 'This contrast effect 
normally persisted for four to six cardiac cycles but in 
certain circumstances (that is, in the presence of severe 
valve regurgitation or low output state), it persisted 
longer (Fig. 5). 

The three patients with an isolated secundum atrial 
septal defect and three with an isolated ventricular 
septal defect had a predominant left to right shunt and 
no evidence of an intracardiac right to left shunt with 
standard caval indicator-dilution dye curves performed 
during cardiac catheterization. Contrast echocardiog- 
raphy also failed to detect a right to left shunt in these 
six patients. 


Group Il 


In all 36 patients in this group, after peripheral ve- 
nous injection the cloud of echoes not only was noted in 





the right heart chambers but also appeared in the left 
heart chambers, indicating the presence of a right to left 
shunt. 

In this group the recognition of three distinct flow 
patterns allowed localization of the site of the right to 
left shunt to the atrial (11 patients), ventricular (24 
patients) or intrapulmonary (1 patient) level. 

Right to left shunt at atrial level: In 11 patients a 
right to left shunt was demonstrated with dye-dilution 
curves at cardiac catheterization (range 5 to 50 percent), 
and in all of these patients peripheral venous contrast 
echocardiography demonstrated a right to left shunt at 
the atrial level (‘Table I). 

With transducer position 3 (viewing the mitral valve — 
funnel), the flow pattern of right to left shunting at the © 
atrial level was characterized by the appearance of the © 
cloud of echoes in the right ventricle during ventricular 
diastole and the simultaneous appearance of a similar | 
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- cloud of echoes in the left ventricle through the mitral 
= valve funnel (Fig. 6A). As previously reported, echoes 
E appearing in the left ventricle may occasionally be de- 
— layed by one and rarely by two cardiac cycles.* After 
— complete mitral valve opening, echoes subsequently 
—— appeared in the left ventricular outflow tract anterior 
= tothe mitral valve echo. 
3 > - With transducer position 4 (viewing the right ven- 
_ tricular outflow tract, aortic root and left atrium), the 
ua cloud of echoes appeared first in the left atrium, usually 
E a during ventricular systole; second in the right ventric- 
2 ular outflow tract during late diastole; and third in the 
E 2 aortic root during subsequent systole (Fig. 6B). How- 
E ever, in 5 of the 11 patients, contrast echoes in the left 
atrium were either delayed in appearance or were not 
.. visualized at all in spite of right to left shunting at the 
pus level (Fig. 6C). This situation i is believed to be a 
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E X: Apper bart of the left atrium. Because of this potential 

a E diagnostic problem, we have found transducer position 
3 (viewing the mitral valve funnel) most sensitive for 
demonstrating the characteristic flow pattern of a right 
to left shunt at the atrial level (that is, the initial ap- 
| pearance of echoes in the mitral valve funnel). 

. Right to left shunt at the ventricular level: With 
contrast echocardiography we were able to demonstrate 
a right to left shunt at the ventricular level in 24 pa- 
. tients. All showed a right to left shunt with standard 
Be tiation curves at the time of cardiac catheteriza- 
— tion. One patient had an isolated ventricular septal 
. defect with severe pulmonary hypertension (pulmonary 
E lisAnce 40.0 units/m?). The remaining 23 patients of 

a 2s - this group had tetralogy of Fallot (5 patients), pulmo- 
Be nary atresia with ventricular septal defect (14 patients) 
-or truncus arteriosus (4 patients). 
With transducer position 3 (viewing the mitral valve 
. funnel), after a peripheral venous injection of dye the 
i flow pattern of a right to left shunt at the ventricular 
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FIGURE 5. Contrast echocardiogram from a 14 year old 
boy with congestive cardiomyopathy. After superficial 
hand venous injection of dye, echoes appeared in the 
right ventricle (RV) during diastole. Consistent with a low 
output state, contrast echoes persisted in the right ven- 
tricular cavity for more than 20 cardiac cycles (complete 
record not shown). LV = left ventricle; MV = mitral valve; 
VS = ventricular septum. 


level was characterized by the appearance of the cloud 
of echoes first in the right ventricle during ventricular 
diastole (Fig. 7A). During subsequent systole, no echoes 
were seen in the left ventricle. However, echoes started 
to appear in the left ventricle early in diastole of the 
following cardiac cycle. Further analysis of the timing 
of this right to left shunt revealed that the shunt flow 
commenced during the isovolumic relaxation phase of 
diastole (that is, after aortic valve closure and before 
mitral valve opening) (Fig. 7A). In these patients echoes 
in the left ventricle appeared and remained anterior to 


the mitral valve, with the mitral valve funnel remaining 


essentially echo-free (undyed blood through the mitral 
valve). l 

With transducer position 4 (viewing the right ven- 
tricular outflow tract, aortic root and left atrium), the 
cloud of echoes appeared first in the right ventricular 
outflow tract during mid to late ventricular diastole and 
then appeared in the aortic root during subsequent 
systole, with the left atrium remaining echo-free (Fig. 
7B). As discussed, a similar flow pattern (late diastolic 
appearance in the right ventricular outflow tract and 
systolic appearance in the aortic root) may be observed 
in certain patients with a right to left shunt at the atrial 
level when a similar transducer position is used. For this 
reason we believe it is important to observe the mitral 
valve funnel in order to distinguish a right to left shunt 
at the ventricular level from a similar shunt at the atrial 
level. 

Evidence of a right to left shunt was observed in all 
patients with transducer position 4 (systolic appearance 
of echoes in aortic root) and in 22 of 24 with transducer 
position 3 (diastolic appearance of echoes in the left 
ventricular outflow) (Fig. 7C). No patient had aortic 
valve insufficiency. We therefore recommend that to 
detect a right to left shunt, both transducer positions 
should be viewed. However, transducer position 3 
(viewing mitral valve funnel) is most helpful in local- 
izing such a shunt. 


FIGURE 6. Contrast echocardiograms. A, from a 60 
year old woman with a sinus venosus atrial septal 
defect (pulmonary to systemic flow ratio 2.24). After 
peripheral hand venous injection of dye, echoes ap- 
pear during diastole in the left ventricle through the 
mitral valve funnel (MVF) (arrowhead) nearly simul- 
taneously with the appearance of echoes in the right 
ventricle. MV = mitral valve; TV = tricuspid valve; VS 
= ventricular septum. B, from a 12 year old girl! with 
a complete A-V canal. After hand venous injection of 
dye, dye contrast initially appears in the left atrium 
(LA) (1), then in the right ventricular outflow area 
(RVO) during diastole (2) and, with the next systole, 
in the aortic root (Ao Root) (3). C, from a 1 year old 
infant boy with complete A-V canal. After hand ve- 
nous injection of dye, a cloud of echoes appears in 
the right ventricular outflow area (RVO) during ven- 
tricular diastole and in the aorta with subsequent 
systole. Only a small contrast effect is recorded in the 
left atrium (LA). AV — aortic valve. 
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eae 4 Be eee vanes icm ea t: " i FIGURE 7. Contrast echocardiograms. A, from a 5 
T de m i ll m path peat M vits s iid year old girl with pulmonary atresia and ventricular 

indy septal defect. After hand venous injection, a cloud of 

echoes initially appeared in the right ventricle (RV) 
ms during diastole. No echoes appeared in the left ven- 
di Wii Hf ji ptu a mc p s c trpi tricle during subsequent systole. With the next dias- 
| MERONE IEN sata ark | tole, echoes first appeared in the left ventricle anterior 

to the mitral valve echo (MV). Note that dye into the 
left ventricle begins to appear just before mitral valve 
opening (perpendicular) with the mitral valve funnel 
(MVF) remaining echo-free. VS — ventricular septum. 
B, from a 41 year old woman with tetralogy of Fallot. 
After hand venous injection, dye initially appears 
during late diastole in the right ventricular outflow 
(RVO) area and with subsequent systole in the large 
aortic root (Ao). The small left atrium (LA) remains 
: " S^ j by EN eiA echo-free. AV = aortic valve. C, from a 9 year old girl 

X POE ; : ah Pa, if i Mis is » QUA o . at uin pulmonary atresia and a ventricular septal defect. 
| : ographic scan from transducer position 3 (mitral 

P valve) to transducer position 4 (aortic root) is recorded 
during peripheral venous injection of indocyanine 
green dye. At the mitral level there is no detectable 
right to left shunt; however, with a scan to the base 
of the heart a dense cloud of echoes tills the aortic 
root (Ao Root). Ao = aorta; LA = left atrium; MV = 
mitral valve; RV = right ventricle; VS = ventricular 
septum. 
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FIGURE 8. A 25 year old woman with Osler-Weber-Rendu 
disease and diffuse pulmonary arteriovenous fistula. After 
hand venous injection, resultant echoes first appear 
during diastole in right ventricle (RV) and subsequently, 
with a delay of approximately four cardiac cycles, appear 
in the left ventricle from behind the mitral valve echo TE, A" Wu Mas TW eu PP us. 
(MV). MVF = mitral valve funnel; VS = ventricular sep- — $ Se eS. Oi Ls Sige deu A P A "hot i OM 
tum. The recording at left is made ata slower paper speed = YS comen afe AR LT HAE HD ge iii: 
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FIGURE 9. Contrast echocardiograms. A, from a 21 year BEG eo AED he ET ew 

old man with tricuspid atresia and dextrotransposed great 
arteries. With the transducer oriented to visualize the 

mitral valve (MV) and the small anteriorly located right 
ventricular chamber (RV), the resultant echoes, after hand 

venous injection of dye, initially appear during diastole 

in the left ventricle from behind the mitral valve echo 
(arrow). With subsequent systole, echoes appear in the 

right ventricular chamber (arrowheads). MVF = mitral 

valve funnel; VS = ventricular septum. B, from a 12 year 

old boy with tricuspid atresia and dextrotransposed great 
arteries. With the transducer in position 4, viewing the 
posterior great artery (pulmonary artery) and left atrium =. FIER SUCRE (E yos "P 

4 (LA) after hand venous injection of dye, echoes initially  EERSSNET a um Pa pata 5 
N appear in the left atrium and subsequently appear during A. CU. a eii amp | 7n : 
early systole in the pulmonary artery and in late systole 
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in the right ventricular outflow tract (RVO). PV = pul- — GPUs Oa TE E e = Salata» ERE h ai aerar prs, : 
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I Intrapulmonary location: An intrapulmonary right associated with isolated atrial or ventricular septal de- 
_ to left shunt was demonstrated in one patient (Table I) fect. 

_ who had a diffuse pulmonary arteriovenous fistula as- Common ventricle: The characteristic echocardi- 
~ sociated with Osler- Weber-Rendu disease.® As noted, ographic features of common ventricle with two A-V 
- . normally the echographic contrast effect is totally lost valves (a ventricular chamber that receives blood from 
- with a single transit through the pulmonary capillary two separate A-V valves)!0-!? include: (1) the ability to 
- . bed.? However, in the patients with a pulmonary arte- record simultaneously two A-V valves without inter- 
B riovenous fistula, after injection of indocyanine green vening septum, and (2) absence on an apex to base scan 
P - dye into the pulmonary trunk, echoes were detected in of a normally positioned ventricular septum separating 
~ the left heart chambers, indicating presence of an in- the two A-V valves.!? 

-~ trapulmonary right to left shunt.? In patients with common (or single) ventricle with 
à In the patient with a diffuse pulmonary arteriovenous two A-V valves, a very characteristic echographic con- 
. fistula, with peripheral venous injections of indocyanine trast flow pattern was observed. With two simulta- 
- green and viewing the mitral valve (transducer position neously recorded A-V valves, after a peripheral venous 
à 3), a cloud of echoes initially appeared in the right injection of dye, echoes initially appeared in the tri- 
... ventricular chamber, and subsequently after an unusual cuspid valve funnel and in the same diastolic cycle ap- 
-.. delay (four to six cardiac cycles) these echoes appeared peared anterior to the mitral valve echo (Fig. 10A). 
- inthe left ventricular chamber through the mitral valve Further analysis revealed that the echoes anterior to the 
. funnel (Fig. 8). mitral valve appeared after complete opening of the 
~ With transducer position 4 (viewing the right ven- mitral valve (that is, after the E point) and not during 
^ tricular outflow tract, aortic root and left atrium), the the isovolumic relaxation phase of diastole as typically 
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- cloud of echoes first appeared in the right ventricular 
. outflow tract and then after a delay of four to six cardiac 
—. cycles appeared in the left atrium and aortic root. The 
. one characteristic feature of right to left shunting sec- 
. ondary to one or more pulmonary arteriovenous fistulas 
_is the prolonged delay before the appearance of contrast 
. echoes in the left heart chambers after their initial ap- 
- pearance in the right heart chambers. 


- Group Ill 


In addition to the localization of right to left shunt, 


certain contrast echocardiographic blood flow patterns 


- were an aid in identifying specific complex congenital 


w 


cardiac defects. 


Tricuspid atresia: The echocardiographic features 


of tricuspid atresia with a ventricular septal defect in- 


. clude a single demonstrable atrioventricular (A-V) valve 
. and small right ventricular chamber.? Characteristic 
= contrast echocardiographic flow patterns have been 


cT 


- recognized in the presence of tricuspid atresia.* After 
. a peripheral venous injection of dye and the transducer: 
= oriented to view the A-V valve and valve funnel 
- (transducer position 3), the resultant cloud of echoes 


first appeared in the left ventricle through the mitral 


. valve funnel during ventricular diastole (Fig. 9A). 


Usually with the subsequent systole the cloud of echoes 


appeared in the hypoplastic right ventricular chamber. 
_ This blood flow pattern has to date been most sugges- 
_ tive of tricuspid atresia. 


In transducer position 4 (viewing the right ventric- 


-ular outflow tract, great artery and left atrium), the 
— cloud of echoes appeared initially in the left atrium 
‘during ventricular systole and then in the posterior 


great artery and right ventricular outflow tract with 
" subsequent ventricular systole (Fig. 9B). The contrast 


echoes entering the right ventricular outflow tract were 


. consistently observed in mid to late ventricular systole. 
-= The appearance of echoes in systole as opposed to 


. diastole in the right ventricular outflow tract distin- 





_. .210 


. guishes this flow pattern from that of right to left shunt 


. 1 ef - 


M «= $ 


seen in patients with a right to left shunt at the ven- 
tricular level (see preceding). Even when two A-V valves 
cannot be visualized simultaneously, a resultant echo- 
graphic contrast flow pattern showing arrival of the 
cloud of echoes anterior to the mitral valve during the 
rapid inflow period of ventricular diastole (after the 
mitral valve E point) is the strongest indirect evidence 
of common ventricle with two A-V valves (Fig. 10B). As 
we have described, a right to left shunt through a large 
ventricular septal defect is distinctly different from that 
observed in common ventricle. 

Caution: With sudden changes in acoustic imped- 
ance produced by the resultant contrast effect, an 
“overload” phenomenon may occur which appears as 
a direct posterior extension of the most dense contrast 
echoes (Fig. 11). Because these echo reverberations may 
extend from anterior into posterior chambers, intra- 
cardiac shunting may be mistakenly diagnosed. How- 
ever, this pattern does not resemble any of the flow 
patterns described, and differentiation from true in- 
tracardiac shunting can usually be easily discerned. The 
overloading effect can be minimized by using lower gain 
and higher reject echographic settings. 


Discussion 


Various agents including blood, saline solution and 
indocyanine green dye, when injected into the blood- 
stream, produce dense clouds of echoes. The explana- 
tions for this phenomenon include miniature bubbles 
in solution, turbulence, temperature differences and 
fluid acoustic impedance differences.*:!4 Any one ex- 
planation by itself does not appear to account for the 
dramatic contrast effect, and a summation of effects 
appears to be most likely. In our experience a more 
pronounced contrast effect was observed in the presence 
of lew output states, increased hemoglobin and more 
forceful injection. We found that the manual injection 
of indocyanine green combined with a saline flush 
consistently produced a good contrast effect and was 
superior to any single agent. No toxic effect was ob 
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FIGURE 10. Contrast echocardiograms. A, from a 2 year old boy 
with surgically proved common ventricle with outflow chamber and 
dextrotransposition of great arteries. The anterior leaflet of both the 
tricuspid (TV) and mitral (MV) valves is recorded simultaneously with 
no intervening septum. After peripheral venous injection of indo- 
cyanine green dye, the resultant cloud of echoes first appears in the 
tricuspid valve funnel (TVF) (arrowhead) and subsequently appears 
throughout the ventricular chamber. The mitral valve funnel (MVF) 
remains echo-free. B, from a 13 year old boy with single ventricle, 
two A-V valves and levotransposed great arteries. With the trans- 
ducer oriented to view the posteriorly located A-V valve (mitral valve, 
[MV]) after hand venous injection of dye, the resultant echoes ap- 
pear in diastole anterior to this A-V valve echo after the E point 
(arrows). The mitral valve funnel (MVF) remains echo-free. 





served or has been reported as a result of intravenous 
or inadvertent subcutaneous injection of indocyanine 
green dye.!?-!? A few patients complained of mild local 
discomfort at the injection site coincident with the sa- 
line flush. 

Contrast echocardiography until recently was pri- 
marily applied to the verification of cardiac structures. 
Its use in the evaluation of blood flow patterns, shunts 
and valve incompetence has only recently been inves- 
tigated.2:4,5.8.18-21 Valdes-Cruz et al.^^ did report the 
feasibility of utilizing peripheral veins for contrast 
echocardiography. However, all their injections were 
performed through large bore catheters positioned by 
means of a venous cutdown procedure. Our experience 
demonstrates that routinely established peripheral 
intravenous routes can be used to produce reproducible 
contrast echograms of good quality. 

Right to left shunts: Contrast echocardiography 
appears to be a sensitive technique for detecting and 





venous injection of dye, a dense cloud of echoes appears in the right 


localizing right to left shunting. Right to left shunts as 
small as 5 percent can be detected with contrast echo- 
graphic techniques and may be reliably localized to the 
Atrial, ventricular or pulmonary level.*? It is reported 
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ventricular outflow tract (RVO). Nearly simultaneously, echoes extend 
through posterior structures (arrows). These reverberations initially 
appear during diastole in the aortic root, inconsistent with any described 
flow pattern. AV = aortic valve; LA = left atrium. 


RERA 


A 


LS 
» 


LTT, TERE TI 
"ovx 


d (EP Gar: 


= 


SEIT IT aT qm 
m T DU ds main a 
` 


LEUR IR 


NEL A, Sala "1 * 
V um. se - M 


qu 


7 T ae O 
X "3 "2 + Rae Aa 
E PREM ee 


as Phat ied ial -- 


1 


~ 7 TENETS 


Á 


eo. 


NEUEN ST 





PERIPHERAL VENOUS CONTRAST ECHOCARDIOGRAPHY—SEWARD ET AL. 


that the majority of patients with an uncomplicated 
atrial septal defect will have a small right to left shunt.?? 
In agreement with this observation, we were able to 
detect a small right to left shunt in patients with atrial 


septal defect whose overall shunt was predominantly 
- left to right. Patients with an isolated ventricular septal 


defect, on the other hand, showed a right to left shunt 


only in the presence of increased right ventricular 


pressure (usually above two thirds of systemic pressure). 


. In most patients with uncomplicated ventricular septal 


defect and predominant left to right shunt, we have not 


- detected right to left shunt with echographic tech- 


niques. 

These observed echographic contrast flow patterns 
and their graphic demonstration of timing of right to left 
shunting are in agreement with the detailed angio- 


graphic work of Levin et al.?^-?6 Right to left shunting 

-at the atrial level (that is, atrial septal defect) occurs 

- during ventricular systole with subsequent appearance 

_ of echoes in the left ventricle through the mitral valve 

.. orifice during ventricular diastole. Right to left shunting 

at the ventricular level (that is, ventricular septal defect) 
occurs predominantly in ventricular diastole com- 


meneing in the isovolumetric relaxation phase of the 
cardiac cycle.*27 

Tricuspid atresia and common ventricle: Char- 
acteristic contrast echographic flow patterns in complex 
congenital cardiac defects (that is, tricuspid atresia and 
common ventricle) were appreciated with peripheral 
contrast echocardiography. In the appropriate clinical 
setting, a bedside standard M mode and contrast 
echoeardiogram may be the most convincing confir- 
matory evidence for the diagnosis of tricuspid atresia 
or common ventricle before cardiac catheterization. 

Clinical application: Our study has established the 
feasibility and clinical usefulness of peripheral venous 
contrast echocardiography. We found that most su- 
perficial peripheral veins (hand, antecubital, foot) could 
be utilized. The resultant contrast echograms were re- 
producible and similar in quality to those obtained with 
more central (caval) injections. Bedside peripheral 
contrast echocardiography is a comparatively nonin- 
vasive technique for detecting and localizing right to 
left intracardiac or intrapulmonary shunting and an aid 
in the diagnostic assessment of certain congenital car- 
diac defects. 


References 


1. Gramiak R, Shah PM: Echocardiography of the aortic root. Invest 
Radiol 3:356-366, 1968 

2. Gramiak R, Shah PM, Kramer DH: Ultrasound cardiography: 
contrast studies in anatomy and function. Radiology 92:939-948, 
1969 

3. Feigenbaum H, Stone JM, Lee DA, et al: Identification of ultrasound 
echoes from the left ventricle by use of intracardiac injections of 
indocyanine green. Circulation 41:615-621, 1970 


_ 4. Seward JB, Tajik AJ, Spangler JG, et al: Echocardiographic 


contrast studies: initial experience. Mayo Clin Proc 50:163- 192, 
.1975 


o5, Pieroni D, Varghese PJ, Rowe RD: Echocardiography to detect 


shunt and valvular incompetence in infants and children (abstr). 
Circulation 48:Suppl IV:IV-81, 1973 

6. Feigenbaum H: Clinical applications of echocardiography. Prog 
Cardiovasc Dis 14:531-558, 1972 

7. Feigenbaum H: Echocardiography. Philadelphia, Lea & Febiger, 
1972, p 32 


.. 8. Shub C, Tajik AJ, Seward JB, et al: Detecting intrapulmonary 


right-to-left shunt with contrast echocardiography: observations 
in a patient with diffuse pulmonary arteriovenous fistulas. Mayo 
. Clin Proc 51:81-84, 1976 
9. Meyer RA, Kaplan S: Echocardiography in the diagnosis of hypo- 
plasia of the left or right ventricles in the neonate. Circulation 
46:55-64, 1972 
10. Van Praagh R, Ongley PA, Swan HJC: Anatomic types of single 
. or common ventricle in man: morphologic and geometric aspects 
of 60 necropsy cases. Am J Cardiol 13:367-386, 1964 


11. Lev M, Liberthson RR, Kirkpatrick JR, et al: Single (primitive) 


ventricle. Circulation 39:577—591, 1969 


. 12. Hallermann FJ, Davis GD, Ritter DG, et al: Roentgenographic 


features of common ventricle. Radiology 87:409-423, 1966 


.183. Seward JB, Tajik AJ, Hagler DJ, et al: Preoperative and postop- 


erative echocardiographic observations in common ventricle 
(abstr). Circulation 52:Suppl ll:ll-46, 1975 

14. Kremkau FW, Gramiak R, Carstensen EL, et al: Ultrasonic de- 
tection of cavitation of catheter tips. Am J Roentgenol Radium Ther 
Nucl Med 110:177-183, 1970 

15. Tripp MR, Swayze CR, Fox IJ: Indocyanine green. In, Dye Curves: 


A 


The Theory and Practice of Indicator Dilution (Bloomfield DA, ed). 
Baltimore, University Park Press, 1974, p 383-384 

16. Cherrick GR, Stein SW, Leevy CM, et al: Indocyanine green: ob- 
servations on its physical properties, plasma decay, and hepatic 
extraction. J Clin Invest 39:592—600, 1960 

17. Hunton DB, Bollman JL, Hoffman HN: Studies of hepatic function 
with indocyanine green. Gastroenterology 39:713-723, 1960 

18. Kerber RE, Kioschos JM, Lauer RM: Use of an ultrasonic contrast 
method in the diagnosis of valvular regurgitation and intracardiac 
shunts. Am J Cardiol 34:722-727, 1974 

19. Valdes-Cruz LM, Pieroni DR, Roland JM, et al: Detection of in- 
tracardiac right to left shunting by echocardiography (short com- 
munication). In, Ultrasound in Medicine (White D, Barnes R, ed). 
New York, Plenum Press, 1976, p 67-68 

20. Valdes-Cruz LM, Pieroni DR, Roland J-MA, et al: Recognition of 
residual postoperative shunts by contrast echocardiographic 
techniques (abstr). Am J Cardiol 37:178, 1976 

21. Duff DF, Gutgesell HP: The use of saline for ultrasonic detection 
of a right-to-left shunt in postoperative period (abstr). Am J Cardiol 
37:132, 1976 

22. Valdes-Cruz LM, Pieroni DR, Roland J-MA, et al: Echocardi- 
ographic detection of right to left shunts by peripheral vein injec- 
tions (abstr). Circulation 52:Suppl Il:!l-121, 1975 

23. Rasmussen K, Simonsen S, Storstein O: Quantitative aspects of 
right-to-left shunting in uncomplicated atrial septal defects. Br Heart 
J 35:894—897, 1973 

24. Lewin AR, Spach MS, Boineau JP, et al: Atrial pressure-flow dy- 
narnics in atrial septal defects (secundum type). Circulation 37: 
476—488, 1968 

25. Levin AR, Spach MS, Canent RV Jr, et al: Intracardiac pressure- 
flow dynamics in isolated ventricular septal defects. Circulation 
35:430—441, 1967 

26. Levin AR, Boineau JP, Spach MS, et al: Ventricular pressure-flow 
dynamics in tetralogy of Fallot. Circulation 34:4-13, 1966 

27. Assad-Morell JL, Seward JB, Tajik AJ, et al: Echophonocardi- 
ographic and contrast studies in conditions associated with sys- 
temic arterial trunk overriding the ventricular septum: truncus ar- 
teriosus, tetralogy of Fallot, and pulmonary atresia with ventricular 
septal defect. Circulation 53:663-673, 1976 


212 WS (NR 1977 The American Journal of CARDIOLOGY Volume 39 


Each effervescent tablet in solution supplies 25 
potassium as bicarbonate and citrate. 


* Convenient dosage 


Indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
It is particularly useful when thiazide diuretics, cor- 
ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison's disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with “caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 
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* Economical 


tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 
ECG for cardiac irregularities. To minimize the pos- 
sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be carefully directed 
to dissolve each dose completely in the stated 
amount of water. 


MJL5411* 


* Two easy-to-take flavors 


Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 
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Combipreso..e 


Each tablet contains: 
Catapres? brand of clonidine hydrochloride, 
0.1 or 0.2 mg and chlorthalidone, 15 mg 


Works better than either 
component in equivalent 
doses* 


Works in mild to severe 
hypertension 


Works conveniently for 
patients who need more 
than one drug* 


Works for less than the 
cost of separate Rxs* 


Works and works and 
works — convenience and 
economy promote long- 
term patient compliance 


*Combipres is not indicated for initial therapy of 
hypertension. It is indicated for hypertensive 
patients who need more than one drug for ade- 
quate lowering of blood pressure and who have 
proved to be responsive to its components given 
separately in dosages equivalent to those in 
the combination. 


Warning: This fixed combination Crug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination 


represents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 





Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with 
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severe renal or hepatic diseases. 

Warnings: Tolerance may develop in some 
instances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on 
possible adverse effects in pregnant women is 
limited to uncontrolled clinical data, the drug is 
not recommended in women who are or may 
become pregnant unless the potential benefit 
outweighs the potential risk to mother and fetus. 
Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and asso- 
ciated subjective symptoms such as nervousness, 
agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been 
recorded after cessation of clonidine hydro- 
chloride therapy. A causal relationship has not 
been established in these cases. It has been 
demonstrated that an excessive rise in blood 
pressure, should it occur, can be reversed by re- 
sumption of Combipres therapy or by intravenous 
phentolamine. Patients who engage in potentially 
hazardous activities, such as operating machinery 
or driving, should be advised of the sedative 
effect of the clonidine hydrochloride component. 
This drug may enhance the CNS-depressive 
effects of alcohol, barbiturates and other seda- 
tives. Like any other antihypertensive agent, 
Combipres should be used with caution in 
patients with severe coronary insufficiency, 
recent myocardial infarction, cerebrovascular 
disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for 
some dryness of the eyes, no drug-related 
abnormal ophthalmological findings have been 
recorded with Catapres, in several studies the 
drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated 
for 6 months or longer. 

Patients predisposed toward or affected by 
diabetes should be tested periodically while 
receiving Combipres, because of the hyper- 
glycemic effect of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is 
indicated. If, in the physician's opinion, a rising 
BUN is significant, the drug should be stopped. 
The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. 
Muscular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to 
detection of hypokalemia in patients receiving 
adrenal corticosteroids, ACTH or digitalis. Hypo- 
chloremic alkalosis often precedes other evi- 
dence of severe potassium deficiency. Frequently, 
therefore, more sensitive indicators than the 
potassium serum level are the serum bicarbonate 
and chloride concentrations. Also indicative of 
potassium depletion can be electrocardiographic 
alterations such as changes in conduction time, 
reduction in amplitude of the T wave; ST segment 
depression; prominent U wave. These abnormali- 
ties may appear with potassium depletion before 
the serum level of potassium decreases. Tolessen 
the possibility of potassium deficiency, the diet, 
in addition to meat and vegetables, should in- 
clude potassium-rich foods such as Citrus fruits 
and bananas. If significant potassium depletion 
should occur during therapy, oral potassium 
supplements in the form of potassium chloride 

(3 to 4.5 gm/day), fruit juice and bananas should 
be given. 
Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to 
diminish with continued therapy. 
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Clonidine hydrochloride: Anorexia, malaise, nau- 
sea, vomiting, parotid pain, mild transient abnor- 
malities in liver function tests; one case of possible 
drug-induced hepatitis without icterus and hyper- 
bilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine 
hydrochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
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congestive heart failure, Raynaud's phenomenon; . : 


vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, 
anxiety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested 
as Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramp- 
ing, weakness, dizziness, transient myopia and 
restlessness are occasionally observed. Head- 
ache and impotence or dysuria may occur rarely. 
Orthostatic hypotension has been reported and 
may be potentiated when chlorthalidone is com- 
bined with alcohol, barbiturates or narcotics. 
Skin rashes, urticaria and purpura have been 
reported in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop in- 
consistently. This condition, usually reversible on 
discontinuation of therapy, responds to control 
with antidiabetic treatment. Diabetics and those 
predisposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout - 
have been precipitated. In cases where pro- 
longed and significant elevation of blood uric 
acid concentration is considered potentially de- 
leterious, concomitant use of a uricosuric agent 
is effective in reversing hyperuricemia without 
loss of diuretic and/or antihypertensive activity. 
Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranu- 
locytosis, and necrotizing angiitis have occurred, 
but are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after pro- 
longed administration. 

Other adverse reactions which have been 
reported with this general class of compounds 
include: jaundice, xanthopsia, paresthesia 

and photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 
age. Gastric lavage and administration of an ana- 
leptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses 
of 10 mg at 30-minute intervals abolishes all 
effects of Catapres overdosage. 
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Chlorthalidone: Symptoms of overdosage include s 


nausea, weakness, dizziness, and disturbances - 
of electrolyte balance. There is no specific anti- 
dote, but gastric lavage is recommended, fol- 
lowed by supportive treatment. Where necessary, 
this may include intravenous dextrose and saline 
with potassium administered with caution. 

How Supplied: Combipres® 0.1 (Each tablet 
contains clonidine hydrochloride 0.1 mg + 
chlorthalidone 15 mg). It is available as pink, 
oval, single-scored compressed tablets in bottles 
of 100. 

Combipres® 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone 15 mg). 

It is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 

Under license from Boehringer Ingelheim GmbH 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 
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iquid K tastes like... 








ow would you like 
o drinka full glass 
2 to 4times a day ? 


“Dosage instruction for a leading liquid KCI supplement 
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A simple swallow 
might be why 9596 
of patients" preferred 


Slow- 


(potassium chloride) 
slow-release tablets s mEq 








® 








The patients choice 
for taste 

Patients find it far easier 
to swallow a tasteless tablet 
a few times a day than follow 
a meal with the unpleasant 
taste and aftertaste of a liquid 
K supplement. No wonder, ;; 
when compared to liquid KCl 
preparations or to a potas- 
sium gluconate elixir, '? 
Slow-K was found more acceptable 
by the great majority of patients. 
Slow-K was Du preferred 
on the basis of both palatability 
and convenience. '? 


The patients choice 
for G.I. tolerability ' 

Comparison studies show Slow-K 
caused much less nausea, heartburn, and 
diarrhea than liquid KCl. (Occurrence 
of abdominal cramping was comparable.) 
The reason why: Slow-K is designed 
to provide a controlled, gradual release of 
potassium within the gastrointestinal tract, 
thus minimizing the risk of mucosal 





Please turn page for brief prescribing information. 







irritation due to localized 
high concentrations." 


A worldwide 
choice for 
dependability 

Slow-K delivers the K... 
slowly. Slow-release charac- 
teristics were demonstrated 
in pharmacokinetic studies. ‘ 

Slow-K has over 11 years’ 
worldwide clinical experience with 
over 5 billion tablets dispensed.™ 


Recommended prophylactic 
dosage is only 3 tablets daily : 


**Potassium chloride tablets have produced stenotic and/or ulcera- 


tive lesions of the small bowel and deaths. There have also been 
occasional reports of small bowel lesions with liquid K supple- 
ments. A few cases associated with wax-matrix tablets have also 
been reported. The frequency of these lesions, however, is much 
less with wax-matrix tablets (less than 1 per 100,000 patient- 
years) than with enteric-coated KCI tablets (40-50 per 100,000 
patient-years). Note: Solid forms of K supplements are contraindi- 
cated in any patient in whom there is cause for arrest or delay in 
tablet passage through the G.I. tract 


tDosage should be adjusted to the individual needs of each pa- 
tient. See prescribing information. 
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A simple swallow 
might be why 95% 
. Of patients" preferred 


Slow- 


.. (potassium chloride) 


slow-release tablets 
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Pharmaceutical Company, Summit, New Jersey. 
2. Tarpley EL: Controlled-release potassium 
supplementation. Curr Ther Res 16:734-741, July 
1974. 

3. Hutchison JC: Clinical evaluation of a new 
sugar-coated potassium chloride supplement. 

J Clin Pharmacol 14:624-629, Nov-Dec 1974. 

4. Ben-Ishay D, Engelman K: Bioavailability of 
potassium from a slow-release tablet. Clin Phar- 
macol Ther 14:250-258, August 1973. 
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(potassium chloride) 


INDICATIONS 

For treatment of potassium depletion in patients 
with hypokalemia and metabolic alkalosis, and for 
treatment of digitalis intoxication. During therapy 
serum potassium levels should be monitored and 
dosage titrated to achieve desired clinical and 
laboratory effects. 


For prevention of potassium depletion when di- 
etary intake of potassium is inadequate. Prophylac- 
tic administration of potassium ion may be indi- 
cated in patients receiving digitalis and diuretics 
for treatment of congestive heart failure, hepatic 
cirrhosis with ascites, patients with hypertension 
on long-term diuretic therapy, hyperaldosteronism 
states with normal renal function, nephrotic syn- 
drome, and certain diarrheal states. 


CONTRAINDICATIONS 

In patients with hyperkalemia, since a further in- 
crease in serum potassium concentration in such 
patients can produce cardiac arrest. Hyperkalemia 
may complicate any of the following conditions: 
chronic renal failure, systemic acidosis such as 
diabetic acidosis, acute dehydration, extensive tis- 
sue breakdown as in severe burns, adrenal insuf- 
ficiency, or the administration of a potassium- 
Sparing diuretic (eg, spironolactone, triamterene). 
Wax-matrix potassium chloride preparations have 
produced esophageal ulceration in certain cardiac 
patients with esophageal compression due to en- 
larged left atrium. 


All solid dosage forms of potassium supplements 
are contraindicated in any patient in whom there is 
cause for arrest or delay in tablet passage through 
the G.L. tract. In these instances, potassium sup- 
plementation should be with a liquid preparation. 
WARNINGS 

In patients with impaired mechanisms for excreting 
potassium, administration of potassium salts can 
produce hyperkalemia and cardiac arrest. This 
occurs most commonly in patients given potas- 
Sium intravenously but may also occur when given 
orally. Potentially fata! hyperkalemia can develop 
rapidly and be asymptomatic. Use of potassium 
salts in patients with chronic renal disease, or any 
other condition which impairs potassium excretion, 
requires particularly careful monitoring of the 
serum potassium concentration and appropriate 
dosage adjustment. 


Hypokalemia should not be treated by the con- 
comitant administration of potassium salts and a 
potassium-sparing diuretic (eg, spironolactone or 
triamterene), since the simultaneous administration 
of these agents can produce severe hyperkalemia. 


Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and 
deaths. These lesions are caused by a high 
localized concentration of potassium ion in the re- 
gion of a rapidly dissolving tablet, which injures 
the bowel wall and thereby produces obstruction, 
hemorrhage, or perforation. Slow-K is a wax-matrix 
tablet formulated to provide a controlled rate of re- 
lease of potassium chloride and thus to minimize 
the possibility of a high local concentration of 
potassium ion near the bowel wall. While the re- 
ported frequency of small bowel lesions is much 
less with wax-matrix tablets (less than one per 
100,000 patient-years) than with enteric-coated 
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lient-years), a few cases associated with wax- — 


vere vomiting, abdominal pain, distention, or gas- 
trointestinal bleeding occurs. 


Hypokalemia in patients with metabolic acidosis 
should be treated with an alkalinizing potassium 
Salt such as potassium bicarbonate, potassium 
citrate, or potassium acetate. 

PRECAUTIONS 

Potassium depletion is ordinarily diagnosed by 
demonstrating hypokalemia in a patient with a clin- 
ical history suggesting some cause for potassium 
depletion. In interpreting the serum potassium 
level, the physician should bear in mind that acute 
alkalosis per se can produce hypokalemia in the 
absence of a deficit in total body potassium, while 
acute acidosis per se can increase the serum 
potassium concentration into the normal range 
even in the presence of a reduced total body 
potassium. 


Treatment of potassium depletion, particularly in 
presence of cardiac disease, renal disease, or 
acidosis, requires careful attention to acid-base 
balance and appropriate monitoring of serum elec- 
trolytes, electrocardiogram, and clinical status of 
patient. 

ADVERSE REACTIONS 

Most common to oral potassium salts: nausea, 
vomiting, abdominal discomfort, and diarrhea. 
These symptoms are due to irritation of the gas- 
trointestinal tract and are best managed by dilut- 
ing the preparation further, taking the dose with 
meals, or reducing the dose. 

Most severe adverse effects: hyperkalemia 

and gastrointestinal obstruction, bleeding, or 
perforation. 

DOSAGE AND ADMINISTRATION 

Usual dietary intake of potassium by the average 
adult is 40 to 80 mEq per day. Potassium deple- 
tion sufficient to cause hypokalemia usually re- 
quires loss of 200 or more mEq of potassium from 
the total body store. 

Dosage must be adjusted to the individual needs 
of each patient but is typically in the range of 20. 
mEq per day for prevention of hypokalemia to 
40-100 mEq per day or more for treatment of 
potassium depletion. 

HOW SUPPLIED 

Tablets (pale orange, sugar-coated), each contain- 
ing 600 mg (8 mEq) potassium chloride; bottles of 
100 and 1000. 


Consult complete literature before prescribing. 
CIBA Pharmaceutical Company 


Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


CIBA 






BY HONEYWELL 


More than a new 
look, it's a whole 
new approach to 
diagnostic systems. 


Honeywell engineers took a true 
systems approach to physiological 
data systems and added state-of-the- 
art microcomputer technology. Lhe 
result: MEDDARS — an casier, faster. 
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and record data 


A combination of capabilities 
found in no other svstem. New user conveniene« 
MEDDARS does more plus simplified maintenance. 
than display six 
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Nitroglycerin, 

the landmark in angina relief, can 
also be the landmark in prevention 
of anginal attacks" Z 


ITRO-BID 


nitroglycerin 
„With 
Staying power 


It works. It keeps working. 
And we have the documentation. 








For the full facts, simply complete 












and mail this coupon. T 
* | Indications: Based on a review of this drug by the National | TO: 277E | 
Academy of Sciences— National Research Council and/or Robert N. Henderson, M.D. 
other information, FDA has classified the indications as 120 Brighton Road 


follows: Possibly effective: For the management, prophylaxis 
or treatment of anginal attacks. Final classification of the 
less-than-effective indications requires further investigation. 


Clifton, N.J. 07012 


O.K., Dr. Henderson— 


O Show me—Send comprehensive clinical 
and pharmacologic documentation brochure. 


O I'll prove it myself —Send clinical trial supplies as well. 


Contraindications: Recent myocardial infarction, severe 
anemia, glaucoma, increased intracranial pressure, 
idiosyncrasy, hypotension. 

Precautions: For ORAL, not sublingual, use. If blurring of 
vision or dryness of mouth occurs. discontinue drug. Toler- 
ance may develop on long-term usage. 

Adverse Reactions: Occasional transient headaches. 
Overdoses may cause flushing, headaches, tachycardia, 
dizziness. 

Dosage: One capsule two or three times daily at 8 to 12- 
hour intervals. 


Patient benefit products from 
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(please print) 


M 


—— lI LABORATORIES, INC. 
e. KANSAS CITY, MISSOURI 64137 


PHARMACEUTICAL DIVISION 
M (street & number) (city) (state & zip) 
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may change tomorrow. 


Time was, you could preselect a single pacing 
rate and feel relatively confident, in most cases, that 
the rate selected would remain physiologically 
adequate over the pulse generator's operating life. 

But as improved power cells have become 
available, and pacemaker longevity has been greatly 
extended, so is the likelihood for changes in patient 
physiology. Non-invasive rate programming offers a 
practical means to adjust the rate to meet individual 
needs. 

There are some situations where a rate- 
programmable pacemaker may be indicated at 
implant. For example, in patients with acute 
myocardial infarction (who are often decompen- 
sated), accurate rate selection may not be possible 
until weeks later. Certain cases of Sick Sinus 
Syndrome are other examples. 

However, there are many other cases where 
the benefits of rate programming may not be imme- 
diately obvious. As the years pass, some patients 
may develop angina that is not best controlled 
pharmacologically, or may undergo degeneration of 
the conduction system. In some patients with 


marginal cardiac output, the loss of the atrial contri- 
bution to the cardiac filling cycle may become 


. physiologically significant. Rate programmability, in 


these cases, may provide improved patient 
management. 

Rate-programmable ventricular pacing may 
also be indicated for the suppression of ventricular 
extrasystoles, and in children where changing rate is 
a physiological requirement. 

In summary, rate programming offers you the 
flexibility to deal with future rate requirements. 
Because your patients' needs can change substantially 
with the passing years. The Prolith Rate- 
Programmable Lithium System, offering rates of 60, 
66, 72, 78, 84, 90, 96, and 102 ppm, lets your 
patients keep pace with tomorrow. For details, 
please contact Edwards Pacemaker Systems, P.O. 
Box 19554, 1923 S.E. Main Street, Irvine, CA 92713, 
Telephone 714/540-8161. 


Edwards 
Pacemaker 





Prolith -the rate-programmable 
lithium system 
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when diuretic-induced M cipe iis o 
contributes to sodium-retention and edema, 


.. consider specific action 
. Aldactone 


i (Spironolactone) 
... theonlydiuretic 
with specific 
. aldosterone- 
-.. blocking action 
m helps avoid problems 
stemming from secondary 
(rebound) aldosteronism 
m maintains effectiveness m effective in both prevention 
over the long term* and treatment of hypokalemia, 
thus making potassium 
supplements unnecessary: 
Wee istae M agnos Xon on oppos "gs m avoids extra expense/ 
page, Before prescribing, Plase reier toe copie usually costs considerably 
| r tor the prophylaxis of ypckdlemia m tients taking less than other diuretics 
| ils, when other measures are considered plus potassium supplements 
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Aldactone 


(Spironolactone) 25-mg. tablets 


WARNING 
Spironolactone has been shown to be a tumorigen in chronic toxicity 


studies in rats (see Warnings). Aldactone should be used only in those con- 
ditions described under /ndications. Unnecessary use of this drug should 
be avoided. 


Indications: Diagnosis and treatment of primary hyperaldosteronism. Essen- 
tial hypertension, edema of congestive heart failure and the nephrotic syn- 
drome, when other measures are considered inappropriate. Cirrhosis of the 
liver accompanied by edema and/or ascites. Hypokalemia. 

Contraindications: Anuria, acute renal insufficiency, significant impairment 
of renal function, or hyperkalemia. 

Warnings: Excessive potassium intake may cause hyperkalemia. Potassium 
supplements should not be given with Aldactone. Do not administer concur- 
rently with other potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies 
in rats. In one study using 25, 75 and 250 times the usual daily human dose 
(2 mg./kg.) thére was a statistically significant dose-related increase in benign 
adenomas of the thyroid and testes. in female rats there was a Statistically sig- 
nificant increase in malignant mammary tumors at the mid-dose only. In male 
rats there was a dose-related increase in proliferative changes in the liver. At the 
highest dosage level (500 mg./kg.) the range of effects included hepatocy- 
tomegaly, hyperplastic nodules and hepatocellular carcinoma; the last was not 
Statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances 
of fluid and electrolyte balance. Hyperkalemia may occur in patients with 
impaired’ renal function or excessive potassium intake and can cause cardiac 
irregularities which may be fatal. Hyponatremia may be caused or aggravated, 
especially when Aldactone is administered in combination with other diuretics. 
Transient elevation of BUN and/or mild acidosis may occur. Aldactone poten- 
tiates the effect of other diuretics or antihypertensive agents, particularly 
ganglionic blocking agents: therefore the dosage of such drugs should be 
reduced by at least 50 percent when adding Aldactone. Gynecomastia may 
develop and in rare instances some breast enlargement may persist. Vascular 
responsiveness to norepinephrine may be reduced. 

Spironolactone may cross the placental barrier. Use in pregnant women 
requires that the anticipated benefit be weighed against possible hazard to the 
fetus. Breast feeding should be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not infrequently. Gastrointes- 
tinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 
ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental 
contusion, drug fever, ataxia, inability to achieve or maintain erection, irregular 
menses or amenorrhea, postmenopausal bleeding, hirsutism and deepening of 
the voice. Carcinoma of the breast has been reported but a cause-and-effect 
relationship has not been established. Adverse reactions are usually reversible 
upon discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for three to four weeks 
(long test), or for four days (short test). For preparation for surgery or for long- 
term maintenance therapy, 100 to 400 mg. daily. 

For edema in adults: Initial daily dosage is 100 mg. in divided doses but 
may range from 25 to 200 mg. daily. If after five days an adequate diuretic 
response has not occurred, a second diuretic which acts more proximally in the 
renal tubule may be added. The dosage of Aldactone should remain unchanged 
when other diuretic therapy is added. 

For edema in children: Initial daily dosage should provide approximately 1.5 
mg. per pound of body weight (3.3 mg./kg.) in divided doses. 

For essential hypertension: Initial adult daily dosage of 50 to 100 mg. in 
divided doses, alone or with diuretics which act more proximally in the renal 
tubule, or with other antihypertensive agents. Continue treatment for at least 
two weeks since maximal response may not occur before this time. Adjust 
subsequent dosage according to patient response. 

For hypokalemia: 25 to 100 mg. daily in divided doses. 


Searle & Co. 
SEARLE San Juan Puert Ric |, 0093 


Address medical inquiries to 

G D Searle & Co 

Medical Communications Department 
Box 5110. Chicago. Illinois 60680 





CLINICAL CARDIOLOGY 


MONOGRAPHS 


J. WILLIS HURST, M.D. and DEAN T. MASON, M.D. 


Series Consultants 


ECHOCARDIOGRAPHY 


A Teaching Atlas 


by JOEL M. FELNER, M.D. and 
ROBERT C. SCHLANT, M.D. 


CONTENTS: THE NORMAL ECHOCARDIOGRAM: 

The Heart Valves and the Atria. The Ventricles. 
Correlative Techniques. VALVULAR HEART DISEASE: 
Mitral Stenosis. Mitral Regurgitation. Mitral Valve 
Prolapse Syndrome(s). Aortic Valve Disease. Tricuspid 
Valve and Pulmonic Valve Disease. Valvular 
Prostheses. CONGENITAL HEART DISEASE: 
Acyanotic Cardiovascular Heart Disease. Cyanotic 
Cardiovascular Heart Disease. DISEASES OF 

THE PERICARDIUM, MYOCARDIUM AND HYPER- 
TENSIVE CARDIOVASCULAR DISEASE: Pericardial 
Diseases. Myocardial Diseases. Hypertension and 
Hypertensive Cardiovascular Disease: CORONARY 
ARTERY DISEASE: Coronary Atherosclerotic Heart 
Disease. MISCELLANEOUS CARDIOVASCULAR 
CONDITIONS: Tumors. Endocarditis. Diseases of the 
Aorta. Cardiac Dysrhythmias and Conduction 
Disturbances. Miscellaneous Conditions. 


1976, 576 pages, 408 illus., $38.50/£27.35 
ISBN: 0-8089-0965-7 


ADVANCES IN 
ELECTROCARDIOGRAPHY 


VOLUME Il 


edited by ROBERT C. SCHLANT, M.D. and 
J. WILLIS HURST, M.D. 


This second volume continues the objective of the 
first to present authoritative reviews in selected areas 
of electrocardiography in which there have been 
recent and significant advances. It contains chapters 
on anumber of new topics in addition to chapters 
from the first volume that have been updated by the 
authors to incorporate more recent material. Separate 
sections deal with: General Electrophysiology of 

the Heart; Disturbances of Cardiac Rhythm and 
Conduction; Pre-Excitation and the Wolff-Parkinson- 
White Syndrome; Hypertrophy, Ischemia and 
Infarction: Exercise Electrocardiography; Computers 
in the Analysis of the Electrocardiogram; Miscellaneous 
Effects Upon the Electrocardiogram. 

1976, 384 pages, illus., $28.50/£20.25 

ISBN: 0-8089-0929-0 

Send payment with order and save postage 

plus 50c handling charge 

Prices are subject lo change without notice. 


Gis|GRUNE & STRATTON 


A Subsidiary of Harcourt Brace Jovanovich, Publishcrs 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 


Please send me the following: 
copies of Felner/Schlant: ECHOCARDIOGRAPHY 


. .. copies of Schlant/Hurst: ADVANCES IN 
ELECTROCARD!IOGRAPHY, Volume Il 




















Check Enclosed. Bill Me. 
NAME 

ADDRESS. 

CITY/STATE/ZIP- m — 
New York residents please add sales tax. 


Direct all orders to Mr. Paul Negri, Media Dept. AJC/2/77 





Adult heart LAO view 291 Thallium 


Dyna" Mo is the mobile 
DynaCamera that extends the 
scope of nuclear diagnosis 
throughout your hospital. 

The Dyna Mo mobile scin- 
tillation camera is fully powered 
with continuously variable 
speeds up to 2 mph. Dyna Mo 
is compact, maneuvers easily 
around corners, through cramped 
quarters, up inclines and 
between beds. 

But think about versatility 
and performance, too. Versatility 
means Dyna Mo is capable of 


Adult brain left lateral view °°™ Tc DTPA 


performing every nuclear study 
you need from cardiac work to 
bone imaging. The Dyna Mo 
detector positions easily for any 
organ view with minimum 
discomfort to the patient. 

Dyna Mo performance is 
unexcelled: 2.1mm (1/12") 
resolution, +10% uniformity, 
+3% linearity, 100,000 CPS 
(in a 2096 window). 

It features quick-change 
collimators, ECG gating, 
exclusive five-motion detector 
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head, integral tape recorder and 
a list of options and accessories 
unmatched by any other mobile 
camera. Dyna Mo contains the 
most comprehensive nuclear 
capabilities ever put on wheels. 
Dyna Mo is another example 
of Pickersynergy — the complete 
interfacing of systems and 
services for improved diagnostic 
visualization. Send for a 
catalog or contact your local 
Picker representative. Picker 
Corporation, 12 Clintonville 
Road, Northford, CT 06472. 


PICKER | 


ONE OF THE CLT. COMPANIES 


Pickersynergy 





CARDIOCASSETTE II 


NEW Pocket Size 
, Ambulatory ECG System 


The small size and weight (under 15 ounces 
with battery) of the new CARDIOCASSETTE II 
make it ideal for investigations into the cause of 
"fransient dyspnea, angina, cerebral. ischemia, 
»etc., and for monitoring progress in cardiac 
* fehabilitation. CARDIOCASSETTE Il is easily 
f carried in shirt or coat pocket, across the 
shoulder or on the hip. There is little or no 
. interference with patient activity even during 
FF œ strenuous sports or exercise such as tennis. 
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Hent-activated mode permits patient to initiate ECG recor- 
“a Age during symptoms or during activity being investigated. An 
automatic programmer provides a variety of selectable programs 
giving ECG recordings from 372 to 28 seconds in length at intervals 
from 15 to 120 minutes, permitting long-duration monitoring of 
active patients. Continuous recordings up to 30 minutes long are. 
possible. The patient can record voice comments along with the 
ECG, eliminating the need for a written diary. 





CARDIOCASSETTE II plays back directly into any standard 
office ECG unit. No scanning or data processing equipment is 
required. This feature permits storage of ECG data for subsequent 
processing by a variety of modes including oscilloscope display, 
editing, phone transmission, batch process- 
ing, computer analysis, etc. 


Recorded ECG can be transmitted 
directly from CARDIOCASSETTE II over 
the telephone to any ECG receiver, 
facilitating remote analysis or consultation. 


Performance exceeds American Heart 
Association standards for frequency 
response, common mode noise rejection, 
and impedance. 






For a demonstration or more information on the 


new CARDIOCASSETTE II See our display at 
booth 592 and 594 at the ACC Meeting in Las Vegas, 
March 7-10, 1977 


~Cardiodyne_g 
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Cardiodyne, Inc. 19282 Stevens Creek Blvd. Cupertino, CA 95014 (408) 253-9582 





AY ANI AN GO] AN A NN | m VAY, 


OF ANTIHYPERTENSIVE AGENTS 





NK ®LaVSuiles IMO, mg. 


Prazosin Hea 


= chemically unique vasodilator 

= mild to moderate in activity 

= effective in all grades of hypertension 

= well suited for long-term therapy* 

& no tolerance observed in long-term therapy* 


The above is an artistic rendition of the molecular structure of prazosin. 


© 1976. Pfizer Inc. 





*Minipress has been studied in patients on continuous therapy for periods of up to 5 years. 


Before prescribing Minipress, WARNINGS and 
DOSAGE AND ADMINISTRATION sections should be carefully reviewed. 
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NEW Capsules Img,2mg,5 mg. 
MINIPREW Or osi] 
VVéll suited for long-term therapy 
Decause of direct action on the arterioles 





Antihypertensive effects are a direct result of relaxation 
of arteriolar smooth muscle, with an associated 
decrease in peripheral resistance without dilatation of 
venules or consequent venous pooling. 


without clinically significant change In 
cardiac or renal hemodynamics. 





No significant change in cardiac output. Reflex tachycardia 
that frequently occurs with other vasodilators is much less 
common with Minipress. 


No significant change in renal blood flow or glomerular 
filtration rate. 


Dim AAA Driant Crimmmans:an lant RANA far imeimeatimne wimrninac ANA aclinmron raartinne 


~ MINIPRES(srazosin Hc) 


Effective in all grades of hypertension. 


ANTIHYPERTENSIVE RESPONSE 

IN ALL PATIENTS (RESPONDING AND NONRESPONDING)J: 

Mean reduction of blood pressure (standing 

207 patients were treated for 8 weeks or longer and were titrated through the full dosage range 
(up to 20 mg./day) unless satisfactory response (diastolic below 100 mm. Hg) was achieved at a 
lower dose level. More than three-fourths of the patients had hypertension of moderate severity 


or greater. 
MILD* MODERATE* SEVERE* 
90-99 mm Hg adliastoiic 100-114 mm |} ig Ciast 114 mn Hg diastoli TOTAL 
34 Patients 122 Patients 51 Patients 207 Patients 
H= ` A 
on hn. 
ms 
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50— 
Seventy-five percent of patients had a decrease in the severity of their illness, 75% had a final 


standing diastolic below 100 mm. Hg and nearly one-third of the patients had a final standing 
diastolic below 90 mm. Hg. *BASELINE SEVERITY 


ANTIHYPERTENSIVE EFFECT IN RESPONDING PATIENTS: 
Mean reduction of blood pressure (standing) 

MILD MODERATE SEVERI TOTAL 

18 of 34 Patients 97 of 122 Patients 28 of 51 Patients 143 


f 207 Patients 


| 








SYSTOLIC DIASTOLIC 

The pattern of response shown above provides another perspective on the activity of Minipress 
by illustrating mean blood pressure reductions in those patients who responded to Minipress 
therapy. For those patients who had moderate to severe hypertension, response was defined as 
a fall in diastolic blood pressure to less than 100 mm. Hg. For those patients who had mild hyper- 
tension, response was defined as a fall in blood pressure to less than 90 mm. Hg. 





Well tolerated for long-term 
antihypertensive therapy. 


= The most common reactions associated with Minipress 
therapy are: 


dizziness (10.3%) weakness (6.59) 
headache (7.895) palpitations (5.3%) 
drowsiness (7.695) nausea (4.9%) 


lack of energy (6.99) 


m A small percentage of patients experienced orthostatic 
hypotension (3.4%) and syncope (1.3%). Patients 
should always be started on 1-mg. capsules of Minipress. 
The 2-mg. and 5-mg. capsules are not indicated 
for initial therapy. (For more detailed descriptions of 
orthostatic hypotension and syncope, refer to 
Warnings section in Brief Summary.) 


= Minipress was found to be associated with a relatively 
low incidence of the following side effects often en- 
countered with one or more other antihypertensive 


agents: 
dry mouth (4.2%) diarrhea (1.599) 
nasal congestion (3.7%) ^ impotence (0.6%) 
depression (2.3%) tachycardia (0.2%) 


Laboratory abnormalities such as positive Coombs’ tests 
and alterations in serum electrolytes have not been a 
problem with Minipress therapy. 


Please see Brief Summary on last page for indications, warnings and aaverse reactions. 





WELL SUITED FOR LONG-TERM THERAPY... 


~ MINIPRESS 


a Chemically unique vasodilator. 


Mild to moderate in activity. 


Effective in all grades of hypertension, 
either alone or in combination with a 
diuretic and/or other antihypertensive 
agent. 


Direct action on arterioles without 
clinically significant effects on cardiac out- 
put, renal blood flow or glomerular filtration 
rate. Reflex tachycardia frequently 
associated with other vasodilators is much 
less common with Minipress. 


No tolerance observed in patients on 
continuous therapy for periods of up to 
O years. 


otudies in patients on continuous therapy 
for periods of up to 5 years indicate that 
Minipress is well suited for long-term 
therapy. 


Starting dosage: 1 mg. t.i.d. (See Dosage 
and Administration section.) 


m Usual maximum recommended dosage: 
20 mg. daily, given in divided doses. 


m Available in 


— 
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^-mg., 2-mg., and o-mg. capsules. 





eCapsules 1mg,2mg,5 mg. 


(OPAZOSIN HCI) 


BRIEF SUMMARY 

MINIPRESS* (prazosin hydrochloride) Capsules For Oral Use 
INDICATIONS. MINIPRESS (prazosin hydrochloride) is indicated in ! 
treatment of hypertension. As an antihypertensive drug, it is mild 
moderate in activity. It can be used as the initial agent or it may 

employed in a general treatment program in conjunction with a diure 
and/or other antihypertensive drugs as needed for proper pati 
response 

WARNINGS. MINIPRESS (prazosin hydrochloride) may cau 
syncope with sudden loss of consciousness. In most cases tl 
is believed to be due to an excessive postural hypotensi 
effect, although occasionally the syncopal episode has be 
preceded by a bout of severe tachycardia with heart rates 
120-160 beats per minute. Syncopal episodes have usually o 
curred within 30 to 90 minutes of the initial dose of the dru 
occasionally they have been reported in association with rar 
dosage increases or the introduction of another antihyperte 
sive drug into the regimen of a patient taking high doses 

MINIPRESS (prazosin hydrochloride). The incidence of syncor 
episodes is approximately 1% in patients given an initial dose 
2 mg or greater. Clinical trials conducted during the investig 
tional phase of this drug suggest that syncopal episodes can | 
minimized by limiting the initial dose of the drug to 1 mg, by su 
sequently increasing the dosage slowly, and by introducing a 
additional antihypertensive drugs into the patient's regimi: 
with caution (see DOSAGE AND ADMINISTRATION). Hypote 
sion may develop in patients given MINIPRESS who are al: 
receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent po 
tion and treated supportively as necessary. This adverse effect is se 
limiting and in most cases does not recur after the initial period of thera 
or during subsequent dose titration 

Patients should always be started on the 1 mg capsules of MINIPRE 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated 
initial therapy 

More common than loss of consciousness are the symptoms oft 
associated with lowering of the blood pressure, namely, dizziness a 
lightheadedness. The patient should be cautioned about these possit 
adverse effects and advised what measures to take should they develc 
The patient should also be cautioned to avoid situations where Injt 
could result should syncope occur during the initiation of MINIPRE: 
(prazosin hydrochloride) therapy 

Usage in Pregnancy: Although no teratogenic effects were seen 
animal testing, the safety of MINIPRESS (prazosin hydrochloride) in pre 
nancy has not been established. MINIPRESS (prazosin hydrochloride) 
not recommended in pregnant women unless the potential benefit oi 
weighs potential risk to mother and fetus 

Usage in Children: No clinical experience is available with the use 
MINIPRESS (prazosin hydrochloride) in children 
ADVERSE REACTIONS. The most common reactions associated wi 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3 
headache 7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5 
palpitations 5.3%, and nausea 4.9%. In most instances side effects ha 
disappeared with continued therapy or have been tolerated with | 
decrease in dose of drug 

The following reactions have been associated with MINIPRE: 
(prazosin hydrochloride), some of them rarely. (In some instances exe 
causa! retationships have not been established) 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discor 
tort and/or pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia 

Central Nervous System: nervousness, vertigo, depression, paresthes 

Dermatologic: rash, pruritus 

Genitourinary: urinary frequency, impotence i 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mou 
nasal congestion 

Other: diaphoresis 

Single reports of pigmentary mottling and serous retinopathy, and a fe 
reports of cataract development or disappearance have been reported 
these instances, the exact causal relationship has not been establishe 
because the baseline observations were frequently inadequate 

In more specific slit-lamp and funduscopic studies, which include 
adequate baseline examinations, no drug-related abnorm 
ophthalmological findings have been reported 
DOSAGE AND ADMINISTRATION. The dose of MINIPRESS (prazos 
nydrochloride) should be adjusted according to the patient's individu 
blood pressure response. The following is a guide to its administratior 

Initial Dose: 1 mg three times a day. (See Warnings) 

Maintenance Dose: Dosage may be slowly increased to a total dai 
dose of 20 mg given in divided doses. Higher doses usually do not | 
crease efficacy, however a few patients may benefit from further | 
creases up to a daily dose of 40 mg given in divided doses. After initi 
titration some patients can be maintained adequately on a twice dai 
dosage regimen 

Use With Other Drugs: When adding a diuretic or other an 
hypertensive agent, the dose of MINIPRESS (prazosin hydrochlorid 
should be reduced to 1 mg or 2 mg three times a day and retitration th« 
carried out 
HOW SUPPLIED. MINIPRESS (prazosin hydrochloride) is available 
1 mg (white #431), 2 mg (pink and white #437), and 5 mg (blue and whi 
#438) capsules in bottles of 250 

More detailed information available on request 


Pfizer] LABORATORIES DIVISION 
PFIZER INC 
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Effect of Cholestyramine on Digoxin Absorption and 


Excretion in Man 
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Six subjects receiving digoxin therapy for heart disease were studied on 
two occasions with a single oral dose of 0.5 mg of tritiated digoxin. In every 
study, all stools and urine were saved for 1 week. Before the second study, 
treatment with cholestyramine, 4 g every 6 hours, was begun and con- 
tinued throughout. In three patients, a third study was performed after | 
cholestyramine treatment had been continued for 1 month. Results 
showed that after cholestyramine administration serum levels, stool output 
and urinary output of tritiated digoxin varied over a wider range, but - 


cholestyramine had no net short-term effect on any of these variables. _ 


After 1 month of cholestyramine administration, there was a small sta- 
tistically significant increase in stool output of tritiated digoxin and me- 
tabolites. In vitro studies suggested that cholestyramine is likely to be a 
weak digoxin binder in the gut and that changes induced by this resin in 
digoxin metabolism are not likely to be due to drug binding. 


Cholestyramine binds a variety of aromatic drugs and vitamins, but it 
is unknown whether it binds digoxin. Because digoxin is the 14th most 
commonly prescribed medication in the United States,’ and because 
cholestyramine is often used as a cholesterol-reducing agent in patients 
with atherosclerotic heart disease receiving digoxin, investigation into 
its alimentary interaction is an important clinical issue. Cholestyramine 
has been found to bind dicumarol significantly and to reduce its ab- 
sorption.? It has also been found to bind digitoxin and to shorten the 
half-life of circulating digitoxin.? Presumably, this effect was achieved 
by an augmentation of net biliary excretion through enteric binding. To 
determine the effect of cholestyramine on digoxin absorption in man, 
we performed test and control balance studies with tritiated digoxin. 


Methods 


The subjects were six men taking digoxin chronically for heart disease. All gave 
informed consent. Each patient underwent two 7 day balance studies. Three 
subjects had additional balance studies after taking cholestyramine for 4 weeks 
in a dose of 4 g four times daily. Each study was initiated by the ingestion at noon 
of 0.5 mg of ?H-digoxin which had been prepared from the intravenous solution 
of Burroughs-Wellcome by overnight drying on a sugar lump. The patient 
washed it down with water; starting immediately, all urine was saved in con- 
secutive 12 hour collections. All stools were saved as individual samples. Blood 
was drawn from an arm vein 30 minutes and 1, 2, 4 and 12 hours after ingestion, 
and daily at noon thereafter. The patients’ diet and pattern of food ingestion 
were kept normal. The study started after the brunch meal, and the time of each 
dose was kept the same for each patient with regard to interval since the last 
meal. Stools were diluted to 900 ml with water and homogenized, and an aliquot 
was stored at —20? C. Collections of urine were measured for volume and stored 
at 4? C. Serum was allowed to separate overnight at room temperature, and was 
then frozen at —20? C. All samples were studied for tritiated digoxin and its 
metabolites using methods previously described.*-9 Methodology consisted of — 
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chloroform extraction and preparation for liquid scintillation 
counting. 

Two days after the control balance study, patients under- 
.. went a second balance study identical to the first except that 
cholestyramine, 4 g every 6 hours, was given in the morning 
~ shortly before the start of the study. Cholestyramine was 

. administered in orange juice. In three patients, the 6 hour dose 
= schedule could not be followed because of diarrhea (one pa- 
tient) or nausea (two patients). In these cases, cholestyramine 
was given after meals, and this change permitted all patients 
to tolerate the agent. Data were analyzed by t test for paired 
samples; P values of less than 0.05 (two tail test) were con- 
sidered statistically significant." 

To test the in vitro digoxin-binding affinity of cholesty- 
ramine and other substances, 1 g of cholestyramine, uncoated 
(Schwarz-Mann) charcoal and XAD-2 (Rohm and Haas) were 
.. added to 5 ml of water acidified with 20 mEq/liter of hydro- 
- chloric acid containing 3};-digoxin. In another experiment, 
- 5mlof bile at pH 6.4 was used in place of acidified water. In 


_ this experiment, Gelusil®, 1 g, was studied as well. The mix- 


. tures were centrifuged at 1,900 revolutions/min. Chloroform 


. was used to elute the precipitates. Tritium in each phase was 


d. measured in a liquid scintillation counter using external 
_ standardization. 


Results 


The effects of cholestyramine on mean peak serum 
-~ digoxin 3y-digoxin concentration were negligible 
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FIGURE 1. Peak serum concentration of digoxin is shown for control 
(C, closed circles), short-term cholestyramine (Q, open circles) and 
long-term cholestyramine studies (closed squares). Cholestyramine 
.. induced no net changes in value, but considerably increased the scatter 
of individual data. Values shown are means +1 standard error. 
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(Table I). However, individual values showed consid- 
erable scatter (Fig. 1). Cumulative urinary excretion of 
digoxin was similarly not affected by cholestyramine in 
the short-term studies (Fig. 2). 

Cumulative fecal excretion of digoxin was also not 
affected and this variable showed no increased degree 
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FIGURE 2. Seven day cumulative urinary excretion (CUE) as percent 
of tritiated digoxin absorbed (TDA). No net change was found, but acute 
cholestyramine administration increased the scatter of data among 
individual subjects. Symbols and abbreviations as in Figure 1. 
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FIGURE 3. Seven day cumulative fecal excretion as percent of tritiated 
digoxin absorbed. Values after long-term cholestyramine administration 
were increased above the three subjects' control values (P « 0.05). 
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Symbols and abbreviations as in Figure 1. 


TABLE | 
Serum 34-Digoxin (ng/ml) After a Single Oral Dose 


Hours After Administration 


Subject 
no. 0.5 1 2 4 12 24 48 72 96 
MH aD canes PAS Ee pc I MER MES T ME HUS E Me si LL LL LEE Le A CNET WERE ce ea ME MESI. C 
A. Control Values 
soraa a a ne TT ORAE ME n T 
1 1.39 1.29 1.68 0.86 0.34 0.31 0.20 0.17 
2 1.47 3.10 3.24 et 0.70 0.60 0.54 0.32 0.23 
3 E L4 1.34 1.14 0.51 0.55 0.31 0.31 0.39 
4 1.77 2.37 2.30 1.243 0.66 0.54 0.37 0.28 0.18 
5 2.93 2.68 ett 0.06 0.69 0.42 0.26 0.42 0.16 
6 1.06 1.70 1.71 1.01 0.55 0.37 0.25 0.20 0.14 
Mean 1.72 2.14 2.05 0.86 0.58 0.47 0.32 0.28 0.22 
+SE +0.32 +0.28 +0.33 +0.21 +0.06 +0.05 +0.05 +0.04 +0.05 
Be QU Tecate UE ENEE LENO Peseta IESE ME AC PCT RIS TT ak eed oe GUM 
B. Values After Short-Term Administration of Cholestyramine 
1 0.14 0.65 0.46 0.29 0.12 0.09 0.06 0.04 0.03 
2 0.11 0.28 0.81 ttt 0.64 0.41 0.25 0.14 0.11 
3 1.42 E 1.90 1.37 0.088 0.49 0.38 0.35 0.17 
4 7.12 e. 6.70 2.05 0.98 1.97 0.79 0.34 0.78 
5 3.90 3.81 2.19 132 1.01 0.73 0.46 0.29 0.22 
6 1.82 2.28 2.06 1.23 0.76 0.43 0.22 0.15 0.10 
Mean 2.42 1.76 2.39 1.25 0.73 0.69 0.36 0.22 0.28 
+SE +1.10 +0.81 +0.92 +0.28 +0.13 +0.27 +0.10 +0.05 +0.13 
som NEC ee ane MEET LO 
C. Values After Long-Term Administration of Cholestyramine 
1 1.86 1.12 cae 0.74 0.33 0.24 0.16 0.10 0.05 
2 0.28 2.24 1.19 1.27 0.55 0.39 0.29 0.17 0.09 
6 1.36" 2.60 2.87 1.24 0.60 0.45 0.29 0.29 0.15 
Mean 1.17 1.99 2.03 1.08 0.49 0.36 0.25 0.19 0.10 
+SE +0.47 +0.45 ett £0.17 +0.08 +0.06 +0.04 +0.06 +0.03 
i ie O EN DP oe AS a ee ene E MMTETSITPUENH REMEDIES 


of scatter among individual data points (Fig. 3). In only 
one of six subjects was cholestyramine administration 
associated with both lower levels of peak serum con- 
centration and cumulative urinary excretion and a 
higher level of cumulative fecal excretion. 

Long-term administration of cholestyramine re- 
- sulted in a statistically significant increase of cumulative 
fecal-excreted 3j-digoxin and its metabolites (Fig. 3). 
This was not accompanied by a decreased cumulative 
urinary excretion in the studies performed after 4 weeks 
of cholestyramine administration. Long-term choles- 
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FIGURE 4. Bar graph showing the percent of tritiated digoxin bound at 
pH 6.4 in vitro by charcoal, cholestyramine (Questran®), XAD-2 and 


Ĝelusil. 


tyramine administration led to digoxin concentrations 
that were intermediate between those of the control and 


the early cholestyramine studies and were therefore not 


-Ar “Sok, | 


significantly changed. Serum 3y-digoxin concentrations _ 


were never significantly different from control values 
either in the early or long-term cholestyramine balance 


studies. In particular, there was no late effect of cho- ; 
lestyramine administration on the time course of serum 


digoxin concentration (Table I). 

Results of the in vitro binding studies (Fig. 4 and 5) 
indicate that more 3y-digoxin was bound in bile than 
in acidifed water. No agent bound more than 10 percent 
of the digoxin under these conditions. 


3H- DIGOXIN ADSORBED 
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FIGURE 5. Bar graph showing the percent of tritiated digoxin bound in 
vitro, in water containing 20 mEq/liter of hydrogen ion, by cholestyra- 
mine, charcoal and XAD-2. 
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Discussion 
Our data suggest that interaction between cholesty- 


ramine and digoxin might indeed be occurring because 
the scatter of data points reflects the unpredictable 


rapidity of gastrointestinal absorption of 3j-digoxin 


. after its administration. However, the balance studies 
. reveal no effect on net digoxin absorption, as reflected 
. by either cumulative urinary or fecal excretion. Thus, 

it appears unlikely that cholestyramine exerts any ali- 
. mentary drug interaction through binding of the digoxin 
. molecule. The interaction, if any, is probably an indirect 


and more complex interaction that may possibly be 
mediated through bile salts. | 
Our study utilized digoxin in a soluble form. It is 


= possible that the tablet forms of digoxin, most of which 
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have a lesser degree of bioavailability, might interact 
with cholestyramine more importantly; nevertheless, 


. a binding of the digoxin molecule to cholestyramine in 


the gut seems distinctly unlikely in view of our in vitro 


data. Although other data? regarding binding by si- 


multaneously administered cholestyramine have been 
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interpreted as indicating such binding,® the numerical 
data do not remove all doubts. 

Effects of cholestyramine on digoxin absorption: 
Other studies? have shown increased gastrointestinal 
absorption of digoxin during administration of choles- 
tyramine in rats. Such data imply not only that binding 
of digoxin by cholestyramine is negligible or nonexistent 
in the gastrointestinal tract, but also that cholestyra- 
mine can exert a more complex effect on the absorptive 
mechanisms, thereby facilitating digoxin absorption. 
We have no basis for speculation concerning these ef- 
fects. On the other hand, simultaneous administration 
of digoxin with cholestyramine led to lower serum di- 
goxin levels in two subjects.!? However, the unpredict- 
able rapidity of absorption during cholestyramine ad- 
ministration found in our studies, together with the lack 
of effect of cholestyramine on the extent of digoxin 
absorption, suggests that the rapidity of absorption is 
influenced by transient rapidly changing phenomena. 
Bile salt abundance in the upper gut at any given mo- 
ment might conform to these characteristics.!! 
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Common ventricle is a rare congenital anomaly in which the ventricular 
chamber receives blood from two separate atrioventricular (A-V) valves 
or a common A-V valve. Diagnosis of common ventricle was established 
in 55 patients aged 3 months to 33 years (mean 10 years) at cardiac 
catheterization in all 55 and at operation or autopsy in 24. In common 
ventricle with two angiographically demonstrable A-V valves (47 patients), 
the echocardiographic features included: (1) simultaneous recording (in 
the same sonic beam with the transducer held stationary) of the echoes 
of an anterior and a posterior A-V valve without an intervening septal echo 
(45 of 47 patients); (2) absence, on a base to apex scan, of the ventricular 
septal echo in the usual position separating the A-V valves (47 of 47 pa- 
tients); (3) recording, in patients with common ventricle and outflow 
chamber, of this small outflow chamber anterior to the A-V valves (20 of 
23 patients); and (4) recording of echographic continuity of the posterior 
A-V valve and great artery (27 of 31 patients). In common ventricle with 
a common A-V valve (8 patients), the echocardiographic features in- 
cluded: (1) a single demonstrable A-V valve, located posteriorly in the 
ventricle, which showed a large amplitude of excursion during diastole; 
and (2) absence of a second A-V valve echo or ventricular septal 
echo. 

Eight patients were studied postoperatively after surgical correctior 
by ventricular septation. Echographic features included visualization oí 
a prosthetic septum that produced a dense echo and divided the commor 
ventricle into “right” and “left” ventricular chambers. This septum hac 
a large excursion anteriorly during systole. Because common ventricle 
is now amenable to surgical correction, echocardiography should play 
an important role in assessment of ventricular anatomy in this comple» 
congenital cardiac defect. 


Single or common ventricle, a rare and complex form of congenital hear 
disease, consists of a ventricular chamber that receives blood from tw 
separate atrioventricular (A-V) valves or a common A-V valve. Unt 
recently, common ventricle was considered uncorrectable and onl 
palliative surgery was available. However, during the past 2 years, suc 
cessful surgical correction of common ventricle has been performed a 
the Mayo Clinic and other institutions.'? It is therefore important t 
obtain detailed and accurate preoperative assessment of various ane 
tomic and hemodynamic variables of common ventricle. 

Because echocardiography normally permits easy detection of th 
ventricular septum and the A-V valves, this technique is expected to pla 
an important role in elucidating the ventricular anatomy in patients wit 
common ventricle. However, the reported experience with echocard 
ography in common ventricle is meager,?-? and there has been no pre 
vious attempt to correlate the angiographic and anatomic features wit 
echocardiographic findings. This report presents our echocardiograph: 
experience in 55 cases of common ventricle, correlating these finding 
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with angiographic and anatomic observations. Our 
initial observations have previously been presented.’ 


Definitions and Terms 


The anatomic, angiographic and hemodynamic character- 
istics of common ventricle have previously been described.9-19 
Single or common ventricle (we use these terms inter- 
changeably here, following the lead of van Praagh et al.8) is 
a congenital cardiac anomaly in which the ventricular chamber 
receives blood directly from two atria or from a common 
atrium.*!!.!2 The blood so derived passes either through two 
A-V valves (mitral and tricuspid) or through a single (com- 





mon) A-V valve.? This definition excludes patients with tri- 
cuspid and mitral atresia. 

Common ventricle with and without outflow chamber: 
Using the angiographic classification of common ventricle,? 
we have classified the patients into two anatomically distinct 
types, namely, those with and without an outflow chamber. 
In type A, common ventricle with an outflow chamber? 
(called single ventricle by Lev et al.!?), a septal remnant sep- 
arates a smaller outflow chamber from a larger common 
ventricular chamber (Fig. 1). This septal remnant may rep- 
resent the true ventricular septum? or, more likely, the re- 
sidual bulboventricular septum.!? The outflow chamber, 
which represents the persistent right ventricular outflow tract 





FIGURE 1. Representative anteroposterior (left) and lateral (right) angiocardiograms of patients with a surgically confirmed common ventricle with 
an outflow chamber. Previous pulmonary arterial banding had been performed. The catheter tip is in the common ventricular chamber (CV), which 
-= communicates with a smaller outflow chamber (OC) located along the upper left anterior aspect. The abnormally positioned septal remnant separates 
the common ventricle from the outflow chamber. The levotransposed aorta (Ao) arises from the outflow chamber and the pulmonary arterial trunk 
(PT) from the common ventricular chamber. Both A-V valves were demonstrated to be committed to a common ventricular chamber. 


, 
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FIGURE 2. Representative 





anteroposterior (left) and lateral (right) ang 





iocardiograms of a patient with a surgically confirmed common ventricle 
(CV) with no outflow chamber. The aorta (Ao) is anterior and the pulmonary arterial trunk (PT) is posterior, and these malpositioned great arteries 


both arise from a common ventricular chamber. Also note the coarse trabecular pattern in the ventricular chamber. 
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TABLE | 
Clinical Features of 55 Patients With Common Ventricle Studied Preoperatively 





Confirmation 


of Anatomy 
Associated 
a A-V Valves Anomalies Previous Surgery Surgery Common. 
t Patients EEEE DE. OEE ae Es Ges GUM e aS AG or Atrium 
Type (no.) 2 1 PS PVOD PA Band Shunt Cath Autopsy (Asplenia) 
A-I 4 4 0 2 0 0 0 4 4 
A-II 7 7 0 5 0 0 0 7 2 Jem 
A-III 23 22 1 12 2 3 0 23 13 0 
C-| 2 2 0 1 1 0 0 2 0 AE" 
C-I 16 10 6 12 3 0 Waterston 1 16 4 5 
Potts 1 
Blalock 1 
C-IH 3 2 1 2 0 1 Blalock 1 3 1 1 
Total 55 47 8 34 6 4 4 55 24 6 
A-V = atrioventricular; Cath = cardiac catheterization; PA band = pulmonary arterial band; PS = pulmonary stenosis; PVOD = pulmonary vás- — 
cular obstructive disease; type A = common ventricle with outflow chamber; type C = common ventricle without outflow chamber; | = with 
normally related great arteries; l| = with dextromalposition of great arteries; III = with levomalposition of great arteries. i 


^w 


(Table I). All patients had levocardia. Five patients had 
complete heart block. The diagnosis of common ventricle was — 
established with cardiac catheterization studies and large film — 
biplane angiography in all patients. In 24 patients (44 per- | 
cent), surgical or autopsy cohfirmation of the diagnosis was | 
also available. Thirty-four (62 percent) patients had common ~ 
ventricle with an outflow chamber and 21 patients (38 per- — 
there is a single ventricular chamber into which the A-V valves cent) had common ventricle without an outflow chamber. | 
(or valve) are committed (Fig. 2). There is no outflow cham- Forty-seven patients had two demonstrable A-V valves, and . 
ber. eight patients had a common A-V valve. Six of the eight pa-- 


(infundibulum), does not receive blood directly from either 
A-N valve. The outflow chamber is usually situated anterior 
or slightly lateral to the common ventricle and may be small 
or extend the full length of one surface of the heart.? As de- 
fined, both A-V valves drain into the larger common ven- 
tricular chamber? In type C, common ventricle without an 
outflow chamber?? (called common ventricle by Lev et al.!?), 


These two major types of common ventricle can be further 
subdivided according to the interrelation of the great arteries*: 
(1) normally related great arteries; (2) dextromalpositjon of 


tients with a common A-V valve had common atrium and 
asplenia syndrome.!^ Forty-nine of the 55 patients (89 per- 
cent) had transposition of the great arteries. 


Echocardiograms: All echocardiographic examinations . 
were performed before or during a scheduled cardiac cathe- | 
terization. Postoperative echocardiograms were obtained in- 


the great arteries; or (3) levomalposition of the great arte- 
ries. 

Common ventricle with two or single A-V valve: T'wo 
A-V valves are usually present in both types of common ven- 
tricle.8 The right A-V valve usually has the essential features 
of a tricuspid valve and the left that of a mitral valve.!4 
However; the pathologic distinction may not be easy to 
make.!? Thus, for simplicity and to avoid confusion, in this 
report we have designated the echocardiographic posterior 
(left) A-V valve as the mitral valve and the anterior (right) 


TABLE II 


Echocardiographic Findings in 55 Patients With Common 
Ventricle Studied Preoperatively Sie 


: ; JE Som i 2 Continuity of 
A-V valve as the tricuspid valve, recognizing that this dis- TA ated Amare 
tinction may not always agree in individual cases with the Visualíza- | With With. Aaaa 
anatomic designation. A single (common) A-V valve, when Patients tion of Two Mitral AX . Outflow 
present, is seen most frequently in patients with common Type (no. A-V Valves Valve Valve | Chamber 


ventricle without an outflow chamber. In this group, common 
atrium and asplenia often are associated findings.*'° 


DESEAS nr a eria Eua t TE ot SS 
Group |: Common Ventricle With Two A-V Valves (47 patients) - 
í " 


An interventricular septum does not separate the two A-V A-I 4 4 2 PE 2 
valves, and there is usually fibrous continuity of the basal A-\l 7 7 4 ius A. 
1 Aer: A-III 22 22 14 af. 14 
aspects of the two valves (“septal” tricuspid and anterior Subtotal 23 33 20 20 
mitral leaflets).!^ Rarely, the A-V valves are separated by a 
band of muscle.!* C-i 2 0 1 
T , l C-| 10 9 5 
Great arteries: In common ventricle the great arteries are. CHI 2 2 7 
usually transposed and, if an outflow chamber is present, the Subtotal 14 11 7 
aorta usually arises from the outflow chamber and the pul- Total 47 aa 27 20* 
monary artery from the common ventricle.® When the out- A uir feo cor P a PR LR o EE E 
flow chamber is absent, both great arteries arise from the Group Il: Common Ventricle With One A-V Valve (8 patients) - 
common ventricle. Usually there is fibrous continuity of the ——— Áo UELLE TERI 
left A-V valve and the posterior great artery.!* 2 t 4 , 
| . | C-H 1 dd 2 0 
Materials and Methods Total 8 1 


Preoperative echocardiographic findings in 55 patients (30 
male and 25 female, aged 3 months to 33 years [mean 10 
years]) with a diagnosis of common ventricle are presented 


cou I ae VUE Q RR PIU ERE oomen osos | 
*This finding, not sought for in the first 11 patients in this cate- 

gory, was subsequently noted in 20 of 23 patients. | 
A-V = atrioventricular; types as indicated in Table |. 
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eight patients, 6 to 18 years old, who had undergone complete 
surgical repair of common ventricle (prosthetic septation of 
_the common ventricle). 

Standard M mode echocardiograms were obtained with an 
Ekoline 20 Ultrasonoscope interfaced with a Honeywell or 
Cambridge multichannel strip chart recorder. In the first 
seven patients, echocardiograms were recorded on Polaroid 
film. For most echocardiographic examinations, 1.3 cm di- 
ameter, 2.25 megahertz, 5.0 or 7.5 cm focused transducers were 
used. 

Patients were examined in the recumbent position. The 
transducer was held in the third or fourth (occasionally fifth) 
left intercostal space near the sternal edge, and with conven- 
tional techniques an attempt was made in each patient to 
record echoes from all valves, ventricular septum and great 
arteries. An entire cardiac base to apex scan was also at- 
tempted. 


Results 


The standard M mode echocardiographic examina- 
tion in patients with common ventricle was most helpful 
in the recognition of ventricular anatomy. For de- 
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scriptive purposes, the preoperative echocardiographic 
features of the 55 patients have been divided into three 
distinct groups (Table II): group I, common ventricle 
with two A-V valves (47 patients); group II, common 
ventricle with one A-V valve (8 patients); and group III 
(derived from these groups), common ventricle with an 
outflow chamber (34 patients). 

Common ventricle with two A-V valves (47 pa- 
tients, Table II): The echocardiographic features in- 
cluded the following: 

1. It was possible to record simultaneously (in the 
same sonic beam with the transducer held stationary) 
the echoes of an anterior and posterior A-V valve 
without an intervening septal echo (Fig. 3, A to C). This 
feature was recorded in 45 of the 47 patients (96 per- 
cent) shown to have two A-V valves at cardiac cathe- 
terization or at subsequent anatomic examination. 
Motion of these A-V valves was normal, with occasional 
mild diastolic fluttering and systolic posterior bowing. 
In a few instances (five patients), four leaflets (anterior- 


gun 








VARIAR 





FIGURE 3. Echocardiograms. A, from a 14 year old girl with surgically 
confirmed common ventricle, demonstrating ability to record simulta- 
neously echoes of the anterior (TV) and posterior (MV) A-V valves 
without an intervening septal echo. B, from a 14 year old boy with 
common ventricle with outflow chamber. The posterior-moving leaflet 
of the “tricuspid” valve (TV) and the anterior leaflet of the “mitral” valve 
(MY) are recorded simultaneously with no intervening veni ;cular septal 
echo. C, from a 10 year old girl with common ventricle without outflow 
chamber. Only the anterior leaflets of the two A-V valves (TV and MV) 
moving anterior in diastole are simultaneously visualized. At operation, 
this patient was found to have common ventricle and two separate A-V 
valves. 
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and posterior-positioned leaflets of both A-V valves) 
could be viewed simultaneously (Fig. 3A). More often, 
only a posterior-moving leaflet of the tricuspid valve and 
the anterior leaflet of the mitral valve were recorded 
simultaneously without an intervening septal echo (Fig. 
3B). In two patients with common ventricle with the 
diagnosis proved at operation, the anterior leaflets of 
both A-V valves were visualized moving anterior in 
diastole (Fig. 3C). 

2. Recently, we have also recognized that echocar- 
diographic continuity of the posterior A-V valve (mitral) 
and the great artery can be recorded in the majority of 
patients (27 of 31 patients [87 percent] in whom this 
echocardiographic feature was sought). Mitral-pul- 
monary continuity was present in 24 patients who had 
malposition of the great arteries, and mitral-aortic 
continuity in 3 with normally related great arteries (Fig. 
4). : 

Common ventricle with single (common) A-V 
valve (eight patients, Table II): The echocardiogra- 
phic features included a single demonstrable A-V valve 
located posteriorly in the ventricle. There was a large 


FIGURE 4. Echocardiogram of a 27 year 
old man with common ventricle with out- 
flow chamber, levotransposed great arte- 
ries and severe pulmonary vascular ob- 
structive disease. At the base of the heart 
a large pulmonary artery and pulmonary 
valve (PV) echo are recorded. With an in- 
ferior scan, pulmonary-mitral continuity is 
demonstrable. The midportion of the sweep 
demonstrates simultaneous visualization 
of portions of both A-V valves with no in- 
tervening septum. With scanning further 
inferiorly toward the apex, dense echoes 
are recorded (arrow) that we believe orig- 
inate from papillary muscle or aberrant 
muscle bundles. A portion of the septal 
remnant (SR) moving posterior in systole 

3 is visualized far anterior. LA = left atrium; 
MV = left A-V (“mitral”) valve; TV = right 
A-V (“tricuspid”) valve. 
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amplitude of excursion during diastole and absence « 
a demonstrable second A-V valve and ventricular sept: 
echo (Fig. 5). One patient in this group was found durin 
subsequent surgery to have an extremely hypoplast 
mitral valve and a large tricuspid valve. Both A-V valve 
of this patient were committed to the common ver 
tricular chamber. 

A-V valve-great artery continuity was noted in on 
patient in this group. 

Common ventricle with outflow chamber (3 
patients, Table II): A ventricular septal echo in th 
usual position, separating the A-V valves, was neve 
demonstrated in any patient with common ventricl 
However, recently in patients with common ventric. 
and an outflow chamber we have been able to demor 
strate the septal remnant and outflow chamber (Fig. | 
A to D). Since recognition of this echographic featur 
we have identified a small anteriorly located ventricul: 
chamber in 20 of 23 consecutive patients (87 percen 
with this type of common ventricle. (In the first 11j 
this group of 34 patients, this finding had not bee 
sought.) To record the outflow chamber and sept 
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FIGURE 5. Echocardiogram of a 17 year old girl with 
common ventricle without outflow chamber, d-malposi- 

/ tioned great arteries, common atrium and common A-V 

È valve. A single (common) A-V valve (CAV) with a large 
anterior excursion of the anterior leaflet is demonstrated 
with no identifiable ventricular septum. PCG = phono- 
gardiogram; S; and S» = first and second heart sounds, 
respectively. — 
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remnant in patients with common ventricle and levo- 
transposed great arteries, we placed the transducer in 
the second left intercostal space 2 to 3 cm from the 
sternal edge (high and lateral on the chest wall). With 
slight inferomedial direction of the transducer, echoes 
of both semilunar valves (anterior aortic and posterior 
pulmonary) could occasionally be recorded simulta- 
neously (Fig. 6A). When the transducer was tilted 
gradually inferolaterally, first the echoes of both A-V 
valves could be recorded simultaneously (Fig. 3B) and 
then the ventricular septal echo became apparent an- 
teriorly, separating the common ventricular chamber 
from the small outflow chamber (Fig. 6B). The anteri- 





PP ET LEER EE HL HELL 





LA 
TW. Ww e 
AA Ss 


c co TEILTE TO 


3 TU jap z yr r sop te ee Me 3, r 
Ad Fae Le eee ee a a ON A 89855 ; i 
RM > te "C sic E E 


orly located aorta was committed to the outflow 
chamber and the posteriorly located pulmonary artery 
was committed to the larger common ventricle (Fig. 6C). 
With the use of previously described techniques,!ó 
further identification of the outflow chamber was ob- 
tained at cardiac catheterization by selective injection 
of indocyanine green dye into the outflow chamber (Fig. 
6D). In two patients with common ventricle and nor- 
mally related great arteries and four patients with 
dextrotransposed great arteries, a similar echo was ob- 
tained with more medial positioning of the transducer. 
In these 20 patients the echoes of the two A-V valves 
were recorded in the common ventricular chamber, 
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FIGURE 6. Echocardiograms from the same patient whose tracing is shown in Figure 3B. A, with the transducer positioned in the second left intercostal 


- Space and directed inferomedially, both semilunar valves are viewed simultaneously (the aortic valve [AV] anterior and the pulmonary valve [PV] 


posterior). Note the midsystolic closure of pulmonary valve, consistent with pulmonary hypertension (pulmonary arterial pressure, 136/57 mm 
Hg). LA = left atrium. B, echocardiographic continuity is seen between the posterior A-V valve and the pulmonary artery (left of photo). With scan 
to the body of the ventricle, mitral (MV) and tricuspid (TV) valve echoes are recorded simultaneously with no intervening ventricular septum (center 


.. of photo). Note that echoes of the ventricular septal remnant (SR) and the small outflow chamber (OC) are located anterior to the two A-V valves. 
CV = common ventricle; PW = posterior wall. C, scan from the great arteries to the common ventricle (CV) shows the anterior-positioned aorta 


(AV) committed to the outflow chamber (OC) and the posterior pulmonary artery (PV) committed to the common ventricle. The septal remnant (SR) 
moves posteriorly in systole. D, with a catheter (CATH) positioned in the outflow chamber (OC), injection of indocyanine green dye results in a cloud 
of echoes that fill the outflow chamber and delineate the anterior wall of ventricular septal remnant (SR). Some echoes regurgitate with each diastole 


into the common ventricular chamber. MV = left A-V ("mitral") valve. 
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posterior to the echo of the ventricular septal remnant, 
and no A-V valve echo was recorded in the outflow 
chamber. 

In all patients the echo of the ventricular septal 
remnant moved posteriorly during ventricular systole. 
In contrast, in a few patients with common ventricle an 
intraventricular echo could be recorded during scanning 
toward the apex (Fig. 4 and 7). These intraventricular 
echoes could usually be easily differentiated from those 
of the true septum or septal remnant because they were 
usually recorded in isolated views, were typically seen 
when the ultrasonic beam was directed toward the apex, 
usually moved anteriorly during systole, and were lo- 
cated closer to the posterior wall of the common ven- 
tricular chamber. We believe that these other intra- 
ventricular echoes originate from a large papillary 
muscle or aberrant muscle bundles. 

Additional observations: Great arteries. In this 
group of patients, identification of the relations of the 
great arteries by means of single crystal echocardiog- 
raphy proved unrewarding. Two frequently encoun- 
tered anatomic features made recognition of great vessel 
orientation difficult. First, subvalvular and valvular 
pulmonary stenosis (34 of 55 patients, 62 percent) often 
distorted pulmonary outflow and made absolute rec- 
ognition of the pulmonary artery difficult. Second, the 
large incidence of levotransposition (34 of 55 patients, 
62 percent) often made clear recording of the aortic 
valve difficult. The direction of the ultrasonic beam!” 
or simultaneous recording of the semilunar valves!® 
correctly predicted orientation of the great arteries in 
only 11 of 55 patients (20 percent), and angiographic 
techniques proved more helpful. In the future, use of 
multicrystal transducers or sector scanners may provide 
clearer echographic delineation of the relations of the 
great arteries in this complex anomaly. 

Postoperative echocardiograms. We obtained 
echocardiograms in eight patients after complete sur- 
gical correction of common ventricle with outflow 
chamber. A Dacron® or Teflon® prosthetic septum was 
used to partition the common ventricle. The echocar- 
diogram in these patients revealed dense echoes from 
the prosthetic septum that divided the common ven- 
tricle into “left” and “right” chambers (Fig. 8) and 
separated the two A-V valves (Fig. 9). The dense “septal 
echo” moved anteriorly during systole with undulating 





FIGURE 8. Echocardiogram of a 14 year old boy 3 weeks 
after repair of common ventricle with outflow chamber 
and levomalpositioned great arteries. A Teflon prosthetic 
septum ("VS") has a marked dyskinetic motion and 
separates the ventricle into a ‘right’ ("RV") and "left" 
("LV") ventricular chamber. PW = posterior wall. 
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motion posteriorly during diastole. The anterior systolic 
excursion ranged from 0.2 to 1.2 cm (mean 0.8 cm). 


Discussion 


Echocardiographic features of common ventri- 
cle: These features, which have received limited dis- 
cussion,>-6 have been reported to include (1) absence of 
a demonstrable ventricular septal echo, (2) a single large 
A-V valve (infrequently two A-V valves),>° and (3) lack 
of A-V valve-semilunar valve continuity.” The echo- 
graphic criteria currently in vogue are those originally 
proposed in 1970 and 1971 by Chesler et al.?^4 These 
workers recorded only one A-V valve in 11 of 14 patients 
with common ventricle; in the remaining 3, they re- 
corded two A-V valves, but in only 1 of the 3 were the 
two valves seen simultaneously without an intervening 
septum. Chesler et al. suggested that the usual echo- 
cardiographic appearance of common ventricle was that 
of asingle A-V valve with a large amplitude of excursion. 
They attributed this feature to continuity of the fibrous 
anuli of the two valves, which may occur.in commor 
ventricle!!!4 and result in a single (common) A-V valve 
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FIGURE 7. Echocardiogram of a 1 
(CV) without outflow chamber. With the transducer directed inferior t 
the A-V valves, an intraventricular echo (arrow) is recorded. This ech 
moves anteriorly in systole. At operation, a large centrally locate 
papillary muscle and associated aberrant muscle bundles wer 
found. 
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= echo. Angiographic and anatomic studies do not support 
_ these assumptions and show that the majority of pa- 
4 tients with common ventricle have two separate and 
— distinguishable A-V valves.5.11.12 
_ . Our initial observations in patients with common 
pi ventricle’ differed greatly from those of Chesler et a1.?44 
. In the present study, we found that when they were 
- searched for, two A-V valve echoes could be visualized 
simultaneously in most cases (96 percent) of common 


ventricle with two angiographically or anatomically 


|. TABLE III 
A Echographic Features of Common Ventricle 





Ur Previously Described Proposed 
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1. Large single A-V valve echo? 1. Two A-V valves often (96 per- 


x. (rarely two A-V valves cent) recorded simulta- 

z simultaneously) neously with no interven- 
E ing ventricular septal echo 
- 2. No ventricular septal echo* 2. No ventricular septal echo in 
y the usual position but a re- 


cordable echo in an unusual 
position anterior to both A- 
V valves in patients with 
common ventricle with out- 
flow chamber 
3. No A-V valve-semilunar valve 3. Frequent (87 percent) dem- 
continuity? onstration of echographic 
posterior A-V valve (mitral)- 
| semilunar valve continuity 
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FIGURE 9. Echocardiogram of a 9 year old boy with 
common ventricle with outflow chamber and levomal- 
positioned great arteries. Preoperative tracing (upper) 
shows two A-V valves (MV and TV) simultaneously re- 
corded with no intervening septum. Postoperative tracing 
(lower) shows a dense echo from the prosthetic Teflon 
septum (VS) moving anteriorly in systole (paradoxic) and 
separating the two A-V valves. This patient had complete 
heart block preoperatively. 


a N 


proved A-V valves. These valves were in the normal 
tricuspid-mitral relation and had normal diastolic 
motion. Also, contrary to previous findings,’ we were 
able in most cases to record echographic A-V valve- 
semilunar valve continuity. 

Differential diagnosis of common ventricle by 
echocardiogram: In our experience the simultaneous 
recording of two A-V valves with no intervening septal 
echo on a base to apex scan was the most suggestive 
echographic evidence of common ventricle. With certain 
transducer positions, simultaneous demonstration of 
two A-V valves without an intervening septum is pos- 
sible in at least four additional cardiac anomalies— 
namely, a large ventricular septal defect,4 complete A-V 
canal,’ straddling tricuspid valve?? and corrected 
transposition of the great arteries with ventricular septal 
defect.* In the first three entities, we have recorded 
echoes of both A-V valves simultaneously without an 
intervening ventricular septal echo through a large 
ventricular septal defect and, with the transducer tilted 
inferiorly, were able to record a ventricular septal echo. 
With the use of the echocardiographic criteria cited, we 
have been able to differentiate common ventricle with 
two A-V valves from other cyanotic congenital cardiac 
defects. Straddling tricuspid valve, a rare cardiac defect, 
typically shows distinctive echographic features;?? 
however, on occasion, when the right ventricle is hy- 
poplastic, echographic differentiation from comman 


224 * Februarv 1977 The American Journal of CARDIOLOGY Valuma 20 


YS Se eae a 
i E 


ventricle with two A-V valves may be difficult. We be- 
lieve that these two entities could be distinguished with 
the aid of contrast echographic techniques (unpublished 
data). It is reported?! that in some patients with cor- 
rected transposition of the great arteries with ventric- 
ular septal defect the ventricular septal echo may not 
be recorded adequately because the septum may lie 
parallel to the ultrasonic beam and hence produce an 
echographic picture similar to that in common ventricle. 
Our experience with corrected transposition is limited. 
However, in the five patients we have studied with 
corrected transposition and ventricular septal defect, 
a ventricular septal echo could definitely be recorded 
on complete echographic study. In fact, in the majority 
of patients referred to our institution with the diagnosis 
of corrected transposition with ventricular septal defect, 
complete evaluation has revealed common ventricle 
with levotransposition of the great arteries. Eight of the 
55 patients in this report were referred to us in this 
manner. 

When only one A-V valve is demonstrated, the diag- 
nosis of common ventricle is less firm, and the differ- 
ential diagnosis includes exclusion of hypoplastic right 
and left heart syndromes? and complete A-V canal.? 
The latter can be distinguished from common ventricle 
by visualization of a distinct ventricular septal echo on 


'a complete base to apex scan. The echocardiographic 


features of hypoplastic left heart syndrome have also 
been well described?! and should allow distinction from 
common ventricle. The distinction of common ventricle 
with a single A-V valve from tricuspid atresia may oc- 
casionally be difficult. However, the echographic fea- 
tures characteristic of tricuspid atresia (small anterior 
right ventricular chamber? and mitral-great artery 
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continuity???) should be distinctive enough to allo 
differentiation from common ventricle with single A-' 
valve.? 

Clinical implications: The echocardiographic fee 
tures of common ventricle with two A-V valves foun 
in our 47 patients appear to be specific and reproducib! 
and to agree with angiographic-anatomic correlation 
The simultaneous demonstration of two A-V valve 
without an intervening septal echo from base to ape 
is the strongest echographic evidence for the diagnos 
of common ventricle. The additional demonstration « 
a small ventricular chamber anterior to the A-V valve 
would be most suggestive of common ventricle with a 
outflow chamber. 

On the basis of our observations, we propose that tl 
previously described echographic features of commo 
ventricle should be modified (Table III). Successfi 
surgical correction of common ventricle depends on 
detailed and accurate preoperative diagnosis, and oi 
data demonstrate that the echocardiogram should pl: 
a major role in the preoperative selection of patients f: 
complete repair of common ventricle. 
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Addendum 


Since acceptance of this paper, a report on the san 
subject has appeared (Felner JM, Brewer DB, Fran 
RH: Echocardiographic manifestations of single ve 
tricle. Am J Cardiol 38:80—84, 1976). 
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Clinical and morphologic features are described in a 13 week old male 
infant with ventricular inversion without associated transposition of the 
great arteries but with concomitant atresia of the left-sided (tricuspid) 
atrioventricular valve. Isolated ventricular inversion without situs inversus 
or visceral heterotaxy has previously been reported in English in only three 
patients, none with tricuspid atresia. 


Inversion of the cardiac ventricles without transposition of the great 
arteries (isolated ventricular inversion) is rare, having been previously 
reported in English in only three patients with situs solitus.:? We de- 
scribe here a fourth patient with isolated ventricular inversion who also 
had tricuspid atresia. The association of tricuspid atresia with d- 
("complete") and /-(*corrected") transposition is well established,?-5 
but tricuspid atresia has not been reported with isolated ventricular 
inversion. 'The rarity of this combination and the intriguing conceptual 
problems posed by it prompted this report. 


Clinical Summary 


This black male infant who died at age 13 weeks was the product of an esti- 
mated 38 week gestation of a 17 year old gravida 1, para 0 mother. Pregnancy 
was complicated by ruptured membranes 1 month before delivery by Cesarian 
section because of transverse fetal position. At birth, the baby weighed 2,955 
g, the Apgar score was 8 at 1 minute and 9 at 5 minutes, and examination dis- 
closed no abnormalities. The next day, a grade 2/6 systolic murmur was heard 
and the serum bilirubin was 18 mg/100 ml. On the 3rd day, exchange transfusion 
was performed and the baby was transferred to the Georgetown University 
Hospital. The pulse was 140 to 150/min and the respiratory rate 40 to 50/min. 
The infant appeared acyanotic. The peripheral pulses were normal. A precordial 
impulse, believed to be that of the anatomic right ventricle, was palpable at the 
left sternal border and accompanied by a systolic thrill. The first heart sound 
was single. The second heart sound was split (50 msec with 10 msec respiratory 
variation by phonocardiogram). Third and fourth heart sounds were absent. À 
grade 4/6 medium-pitched crescendo-descrescendo murmur began early in 
systole and terminated with the second sound; it was loudest at the lower left 
sternal border and radiated widely over the precordium and back. No diastolic 
murmur was heard. Neither the liver nor spleen was palpable. The chest roent- 
genogram and electrocardiogram are shown in Figures 1A and 2, respectively. 
At age 7 days, circumoral cyanosis appeared during feeding and thereafter in- 
creased progressively. 

Cardiac catheterization was performed from the right saphenous vein at age 
8 days. The catheter coursed from a normally positioned inferior vena cava into 
the right atrium. The catheter was believed to cross the atrial septum into the 
left atrium and into a ventricle believed to be left-sided. The pressures (mm Hg) 
were: right atrium a wave = 9, v wave = 6, mean = 6; left atrium a wave = 13, 
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FIGURE 1. A, Chest roentgenogram shows heart in situs solitus, decreased pulmonary vascularity, a prominent right atrial shadow and a convex ape 


elevated above the diaphragm. The aorta appears normally positioned with 
descending aorta on the left (fine vertical line to left of vertebral column). B, 


the aortic root displacing the trachea slightly to the right and with th 
Exterior view of the gross specimen shows the large right atrium (RA 


large left ventricle (LV) occupying the apex, prominent aorta (Ao) and small pulmonary trunk (PT). The small left atrium is not visible. 


v wave = 7, mean = 7; ventricle 62/4. Injection of contrast 
material (Fig. 3) showed filling of a large atrium, a ventricular 
chamber, a left-sided descending aorta and a small pulmonary 
. trunk from which normal-sized right and left pulmonary ar- 
teries arose. The great arteries did not appear transposed. The 
data were interpreted as showing situs solitus, tricuspid 
atresia, hypoplastic right ventricle, atrial septal defect and a 
small ventricular septal defect. Ventricular inversion was not 
recognized. 

A Waterston shunt (ascending aorta to right pulmonary 
artery) was performed at age 13 weeks, because of increasing 
cyanosis, hypoxic spells and weight loss. Immediately post- 
operatively marked pulmonary venous congestion, increased 
hypoxia and acidosis developed, and the infant died 12 hours 
after operation. 

The cardiovascular findings at necropsy are summarized 
in Figure 4. The spleen was present. The viscera were in situs 
solitus. The heart was left-sided and its apex pointed to the 
left. The atria were normally located (left atrium to the left 
and posterior to the right atrium). The right atrium was large 
and received the coronary sinus and venae cavae. The left 
atrium was small and received the four pulmonary veins. A 
fenestrated atrial septal defect of the fossa ovale type was 
present. The right atrium opened by way of an anatomically 
normal mitral valve into a large right-sided ventricle (Fig. 5A) 
with the fine apical trabeculations and smooth septum of an 
anatomic left ventricle. The only exit from the left atrium was 
the small atrial septal defect. The left-sided atrioventricular 
(A-V) valve (tricuspid) was atretic. The left-sided ventricle 
(Fig. 5A) was hypoplastic; its interior lining was coarsely 
trabeculated and contained a well developed crista supra- 
ventricularis. There was a small ventricular septal defect just 
caudal to the junction of the right and left coronary cusps and 
just posterior and inferior to the crista. The anatomic left 
ventricle opened by way of a trileaflet valve into the’aorta 
(circumference 2.8 cm). The aorta ascended on the right and 
descended on the left. The pulmonary trunk, with a bicuspid 
valve (circumference 1.7 cm), arose from the hypoplastic an- 
atomic right ventricle. The aorta crossed the right pulmonary 
artery normally. The Waterston anastomosis was patent. 


The aortic valve was located to the right, inferior an 
slightly posterior to the pulmonary valve. The estimate 
rotation of the semilunar valves was +100°. There was fibro 
continuity between the noncoronary aortic cusp and the ar 
terior leaflet of the right-sided mitral valve (Fig. 5B). Tr 
coronary ostia were normally located adjacent to the aort 
copulmonary septum with the right ostium (with separat 
origin of the conal branch) anterior and slightly rightward an 
the left ostium posterior and to the left. The right corona: 





P axis (+60° and directed anteriorly, consistent with normal atrial sit 
a mean frontal plane QRS axis of --90? with clockwise depolarizati 
and adult progression of the precordial R wave from V ,-Vg. The ini! 
Q wave in lead V4R and absent Q wave in lead Vg are consistent w 
reversed septal depolarization of ventricular inversion. 
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FIGURE 3. Angiocardiograms. A, 
posteroanterior projection with 
contrast medium injected into the 
right atrium (RA). Contrast medium 
enters the left ventricle (LV), aorta 
(Ao), pulmonary trunk (PT) and its 
branches (compare with Fig. 4). B, 
left oblique projection. Contrast 
medium was injected into the left 
ventricle and then entered the aorta 
directly and the right ventricle (RV) 
and pulmonary trunk through a small 
ventricular septal defect. 
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FIGURE 4. Diagram summarizing the cardiovascular malformations. The 
PV X PV ventricles are inverted. The small left-sided ventricle is anatomically 
iiec Ss) ARDEA frees a right ventricle (RV) with an atretic A-V valve (tricuspid) and gives rise 

ad t Cs m to the pulmonary trunk (PT); the large right-sided ventricle is anatomi- 








SVC 





i cally a left ventricle (LV) associated with a normal mitral valve and gives 
H RA saa EP eS rise to the aorta. A small defect (VSD) in the ventricular septum acts 
Š left sided as an obstruction between the anatomic left ventricle and pulmonary 
5 A-V valve trunk. Several small defects (ASD) are present in the fossa ovale portion 
E of the atrial septum. The anatomic left atrium (LA) is small, and the 
: anatomic right atrium (RA) quite large. The pulmonary valve is bicuspid 
3 Anatomic but appears neither stenotic nor incompetent. A small patent ductus 

Ivc Bicuspid arteriosus (PDA) is present. PV = pulmonary vein; SVC and IVC = 

pulmonic superior and inferior venae cavae, respectively. 


valve 
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FIGURE 5. Opened gross specimen of heart. A, the anatomic right atrium (RA) and anatomic left ventricle (LV) joined by a mitral valve (MV). The 
hypoplastic right ventricle (RV) communicates with the left ventricle by way of a small ventricular septal defect. B, the anatomic left ventricle (LV. 


opens into the aorta (Ao). Aortic valve (AV)-mitral valve (MV) continuity is evident. 
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artery coursed anteriorly and ramified into several branches 
supplying the anterior wall of the anatomic left ventricle 
(corresponding to the distribution of the anterior descending 
branch of a normal left coronary artery). The left coronary 
artery coursed posterior to the pulmonary artery and supplied 
the posterior aspect of the anatomic left ventricle (corre- 
sponding to the distribution of the circumflex branch of a 
normal left coronary artery) and the small anatomic right 
ventricle. 


Discussion 


Clinical Considerations 


Blood flow in this cardiac malformation was analo- 
gous to that found in complete (uncorrected) transpo- 
sition of the great arteries (Fig. 4). Systemic venous 
blood from the right atrium reached the aorta through 
a mitral valve and an anatomic left ventricle. Pulmonary 
venous blood from the left atrium would have reached 
the pulmonary trunk were it not for atresia of the left 
A-V valve (tricuspid). The atrial septal defect was the 
only outlet for the left atrium. Blood from the right 
atrium entered the anatomic left ventricle and was 
ejected into the systemic circulation by way of the aorta 
and into the pulmonary circulation through a small 
ventricular septal defect and a small patent ductus ar- 
teriosus. 

The diagnosis of tricuspid atresia was not considered 
before cardiac catheterization because of the absence 
of left axis deviation in the electrocardiogram and be- 
cause the left sternal edge impulse was attributed to an 
anatomic right ventricle. The angiographic error origi- 
nated from the mistaken belief that contrast material 
flowed from the right atrium to the left atrium, left 
ventricle and aorta rather than directly from the right 
atrium to the left ventricle into the aorta. Postopera- 
tively, the obstructed left atrium could not cope with 
the increased pulmonary blood flow through the 
Waterston shunt, and pulmonary edema ensued. Had 
atrial septectomy been performed with the Waterston 
shunt,® a successful palliative operation might have 
resulted. 


Nomenclature 


The heart in this case exhibited atresia of the left- 
sided (tricuspid) A-V valve and ventricular inversion 
(anatomic left ventricle on the right and anatomic right 
ventricle on the left). Both the physiologic features of 
transposition and spatial malposition of the great ar- 
teries were present, but the aorta arose from the ana- 
tomic left ventricle and the pulmonary trunk from the 
anatomic right ventricle. Because of the known associ- 
ation of tricuspid atresia and transposition of the great 
arteries,? consideration of the definition of transposition 
of the great arteries is of central importance. 

Transposition of the great arteries: Surprisingly, 
there is no uniform agreement on this definition. 74 
Although there is little debate regarding the nomen- 
clature applied to typical d- and /-transposition, the 
atypical cases create controversy. Edwards? has 
broadly defined complete transposition of the great 
arteries as: “Any developmental abnormality in the 
relationship between the positions of the aorta and 
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pulmonary trunk." Grant?6 has defined it more nar 
rowly: “If the . . . pulmonary artery is in direct fibrou 
continuity with the anterior leaflet of the mitral valve 
while aorta is not, transposition is present, regardles 
of whatever other deformities are seen." Some defini 
tions place heavy emphasis on the spatial relations be 
tween the great arteries!5?7; others attach greater sig 
nificance to embryologic considerations.!6-15 New term 
(for example, the “isolated” and “mixed levocardia" o 
Lev and his colleagues^!?) have been introduced t 
circumvent problems arising from conventional tei 
minology. Some theories have allowed the predictio 
of isolated ventricular inversion??; others have consid 
ered it an embryologic impossibility.!? No definition ha 
successfully dealt with all observed phenomena. 

We are persuaded that the policy of defining com 
plete transposition of the great arteries by their externe 
geometric relations is less than satisfactory.^!? Becaus 
the great arteries can bear almost any relation to eac. 
other (as measured by degrees of rotation from the stri 
orientation of aorta anterior, pulmonary trunk poste 
rior), this definition does not provide the framework fi 
identifying a sizable number of observed conditions (Ri 
1 and 28 and the present case) and does not give aj 
propriate weight to the physiologic consequences of tk 
anomaly. Similarly, because the precise embryolog 
error responsible for complete transposition of the gre: 
arteries is unknown, it seems inappropriate to emplc 
a definition based essentially upon embryologic crits 
ria.14.16-18 The terms “isolated” and “mixed levocardi: 
are insufficiently descriptive to serve the cause of cla 
ity.719 The presence and location of the crista supr: 
ventricularis are helpful in considering transpositio! 
but probably are not constant enough to stand as tł 
only criteria.!! We agree with Van Praagh et al.!! thi 
transposition is *best defined as the anatomic conditic 
in which the aorta arises from the morphologic rig] 
ventricle and the pulmonary trunk from the morph 
logic left ventricle." 

Malposition of the great arteries: The ter 
*malposition of the great arteries" was proposed by V: 
Praagh et al.!! to describe conditions with an abnorm 
relation between the great arteries in which the criter 
for complete transposition were not met. When tl 
aorta is to the left of the pulmonary artery the ter 
*l-malposition" is applied; when the aorta is to the rig! 
“d-malposition” is used. Van Praagh et al.?*?9? ha 
elaborated on this definition, adding the prefix “an 
tomically corrected" to emphasize that the arteri 
originate wholly from an anatomically appropria 
ventricle (aorta, left ventricle; pulmonary artery, rig 
ventricle). This terminology has been adopted by ot 
ers.21,22,30,31 However, when ventricular inversion 
present, transposition physiology may exist despite : 
“anatomically correct” relation of the great arteries 
their respective ventricles. 

Although it is not specified as a part of the definiti 
of anatomically corrected malposition of the great e 
teries, most patients with the latter anomaly exhil 
bilateral conus (subaortic and subpulmonary)???*:*! ai 
a few have an entirely subaortic?* or absent conus.?? V 
are unaware of an instance in which a heart with | 


February 1977 The American Journal of CARDIOLOGY Volume 39° t 2 


BO uhh < ho ce ae AT ee ee 
TRANSPOSITION—OUNKMAN ET AL. 


x 


Te FRE EE XU EMO Ur EUER OR Pr I ENT. PE eT 7-0 
amr Ey re rn RST EF STER - a TS E TT TW "ERA T 
CO ^ / " 


"VENTRICULAR INVERSION WITHOUT 
.. entirely subpulmenary conus has been judged to have 
.. “anatomically corrected malposition." 
Finally, in cases described as anatomically corrected 
.  d-malposition, the aorta has been not only rightward 
— but also anterior to the pulmonary artery.?! When the 
.. aorta has been rightward and posterior to the pulmo- 
nary artery, the great arteries have been considered to 
be solitus position, even if the rotation of the semilunar 
valves is not perfectly normal.!?4 
“The loop rule": According to the “segmental ap- 
proach" to the diagnosis of congenital heart disease 
.. promulgated by Van Praagh et al.,8 the positional 
. anomalies in our case would be designated situs solitus 
of the viscera and atria with /-ventricular loop and d or 
solitus position of the great arteries {S,L,D} or {S,L,S}. 
This represents an exception to Van Praagh's “loop 
rule,"? which states that: (1) normally related great 
arteries or d-transposition indicates the presence of a 
d-ventricular loop, and (2) inversely related great ar- 
~ teries or /-transposition indicates the presence of an 
. l-ventricular loop. However, Van Praagh?? points out 
—. that exceptions to the loop rule occur with a frequency 
— ranging from 4 percent (in dextrocardia) to at least 17 
_ percent (in complete transposition) and that an addi- 
.. tional 33 percent of cases with complete transposition 
. are equivocal. Additional instances have been reported 
by others.?.-?? Thus, in transposition, exceptions to the 
loop rule are common, but isolated ventricular inversion 
is a rare exception.?? 
_ Kirklin? has emphasized the importance of estab- 
. lishing the atrioventricular and ventriculoarterial 
. relations in hemodynamic terms in diagnosing and 
_ planning surgical repair of congenital cardiac abnor- 
malities and has described these relations in terms of 
. “concordance” and “discordance.” Therefore, when the 
. atrial situs is solitus, atrioventricular discordance 
E implies ventricular inversion and ventriculoarterial 
- discordance implies transposition of the great arteries. 
. This terminology is in agreement with the definition of 
. Van Praagh et al.?* of transposition of the great arte- 
ries. 
. Our case demonstrated anatomic atrioventricular 
. discordance and ventriculoarterial concordance, but 
_ ventriculotruncal discordance embryologically (since 
_ the great arteries were in the d-position and the ven- 
. tricles in an /-position). Failure to give due consider- 
. ation to these possibilities in part led us to an inaccurate 
. clinical diagnosis. 
_ 4n this context, the critical anatomic features of the 
.. heart in our case were: (1) aortic-mitral fibrous conti- 
- nuity (absence of subaortic conal musculature); (2) well 
s developed subpulmonary crista; (3) aortic position 
. posterior and to the right of the pulmonary artery; (4) 
- atrioventricular discordance; and (5) origin of the aorta 
. wholly from the anatomic left ventricle with origin of 
a the pulmonary trunk wholly from the anatomic right 
. ventricle (ventriculoarterial concordance). Thus, while 
. the great arteries and semilunar valves had a slightly 
. abnormal position, neither the term “transposition” nor 
. "anatomically corrected malposition" was applicable; 
the ventricular inversion is therefore “isolated.” 
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Comparison With Previously Published Cases 


Comparison with published cases is necessarily im- 
precise because of differences in descriptive informa- 
tion, but there appear to be three cases previously re- 
ported in the English language! of isolated ventricular 
inversion in the absence of situs inversus or visceral 
heterotaxy. 


Isolated ventricular inversion in situs solitus: In each 
of these three cases, the locations of the atria, ventricles and 
great arteries were virtually identical with those of our case: 
The aorta was located to the right and posterior to the pul- 
monary artery and there was fibrous continuity between the 
aortic and mitral valves. In all three cases, and in ours, the 
patient came to medical attention in infancy; the longest 
survival time was 7 months. The differences between these 
cases and ours relate to the coexistence of tricuspid atresia in 
our patient. In the three previously reported cases pulmonary 
plethora were demonstrated; in ours, decreased pulmonary 
vascularity was evident. In contrast to findings in the first 
case, that of Van Praagh and Van Praagh,! the pulmonary 
valve in our patient was bicuspid and smaller in circumference 
than the aortic valve; these findings are common in tricuspid 
atresia. In Case 2 of Quero-Jimenez and Raposo-Sonnenfeld? 
the patient had a stenotic fibrous ring above the smaller than 
normal tricuspid valve and anatomic right ventricle; this 
finding is of interest in relation to the tricuspid atresia found 
in our patient. 

Two other reported cases have been cited as examples of 
isolated ventricular inversion. In Case 10 of Lev and Rowlatt, ’ 
cited by both Van Praagh and Van Praagh! and Quero- 
Jimenez and Raposo-Sonnenfeld,? the aorta was situated to 
the right but anterior to the pulmonary artery and the aorta 
straddled the ventricular septum, originating approximately 
25 percent from the anatomic right ventricle. In the case of 
Ratner et al.?* the patient had dextrocardia, six supernum- 
erary spleens, absent atrial septum, large patent ductus ar- 
teriosus, coarctation of the aortic isthmus and a right aortic 
arch with the left pulmonary artery crossing under the aorta. 
The only description that allows identification of the ventri- 
cles is that of the A-V valves. The crista and semilunar A-V 
valve continuity were not described. Both of these cases should 
be reexamined in light of current concepts before being ac- 
cepted as instances of isolated ventricular inversion. 

Isolated ventricular inversion in situs inversus: Three 
additional cases have been reported of isolated ventricular 
inversion but associated with situs inversus.???6 In the first 
case of Espino-Vela et al.?? the patient was a girl who lived to 
age 19 years. She had total anomalous pulmonary venous 
connection to the left-sided right atrium, which accounted for 
the prolonged survival time; other associated defects were 
congenital mitral stenosis, pulmonary stenosis and aorta ov- 
erriding the ventricular septum. In their second case, the 
patient was a 4 year old girl. She was said to have tricuspid 
atresia, but no left ventricular chamber was identified and the 
existing ventricular chamber was right-sided and had the 
characteristics of an anatomic right ventricle including a tri- 
leaflet A-V valve. The valve atresia in this case was almost 
certainly mitral, and absence of one ventricular chamber 
makes ventricular inversion difficult to diagnose. In neither 
of the patients of Espino-Vela et al. were the exact positions 
of the aorta and pulmonary arteries detailed. In the case of 
Squarcia et al.*° (their Fig. 19), the patient was a 1 year old girl 
whose condition was diagnosed angiographically. No infor- 
mation on treatment, survival or autopsy findings was re- 
ported. 
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Anatomically corrected malposition of the great ar- 
teries: The diagnosis in our patient must be distinguished 
from that of anatomically corrected malposition of the great 
arteries. There have been two reported cases of anatomically 
corrected malposition of the {S,L,D} type.?*9! 7 The atria, 
ventricles and great arteries can be in a similar position in 
anatomically corrected malposition and isolated ventricular 
inversion, and both conditions can result in the physiology of 
complete transposition. The differences between the condi- 
tions are two-fold: (1) in anatomically corrected malposition, 
aortic-mitral continuity is not present (usually as a result of 
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combined conus22243137) whereas in isolated ventricular 
inversion aortic-mitral continuity is present (normal sub- 
pulmonary conus only'?); and (2) in anatomically corrected 
malposition, the aortic valve is anterior to the pulmonary 
valve,?!.37 whereas in isolated ventricular inversion it is pos- 
terior to the pulmonary valve.!? 

Isolated atrial inversion: Finally, a comparison of our case 
with that of Clarkson et al.?? of isolated atrial inversion is 
relevant because both exhibited the physiology of complete 
transposition without anatomic transposition of the greal 
arteries. 
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At the time of initial balloon atrial septostomy a patent ductus arteriosus 
was found with angiography in 39 of 81 infants with transposition of the 
great arteries with intact ventricular septum. By angiographic criteria the 
ductus shunt was considered small in 21 infants and large and significant 
in 18. In contrast to the usual clinical presentation of neonates with 
transposition and intact ventricular septum, 12 of these 18 infants with 
a significant patent ductus arteriosus had only slight cyanosis and 8 
presented with tachypnea out of proportion to the degree of cyanosis. Ten 
of the 18 infants had no continuous murmur, bounding pulses, mid-diastolic 
rumble or differential cyanosis. Clinically occult narrowing or closure 
occurred, presumably gradually and relatively late, in six infants. Acute 
early narrowing or closure, spontaneous (six infants) or surgically pro- 
duced (three infants), occurred usually within the 1st month of life and 
was associated with a marked decrease in arterial oxygen saturation in 
eight infants, often with a rapid clinical deterioration. Persistence of a large 
patent ductus arteriosus for several months appears to be associated with 
an increased incidence of early pulmonary vascular disease. 

Therapeutic considerations for the infant with a large patent ductus 
arteriosus after initial balloon atrial septostomy include: (1) careful initial 
follow-up of the infant in clinically stable condition in case the ductus 
arteriosus should acutely narrow or close and the patient require urgent 
palliative or corrective surgery; (2) urgent early closure of the ductus in 
the infant with overt left heart failure with concurrent atrial septectomy 
or preferably primary corrective surgery; and (3) elective closure of a 
persistent significant patent ductus arteriosus before age 4 months with 
concurrent corrective surgery in the infant in clinically stable condi- 
tion. 


Transposition of the great arteries has been the subject of much analysis 
in recent years, but there is little clinical and physiologic information 
on the infant with transposition and persistent patent ductus arterio- 
sus. 

The existence of parallel rather than serial circulatory pathways in 
the patient with transposition suggests that a patent ductus arteriosus 
would be beneficial as an intercirculatory shunt for improving systemic. 
arterial oxygen saturation. However, our clinical experience and that 
of others indicate that the infant with transposition, an intact ventricular 
septum and a persistent large patent ductus arteriosus is at greater risk 
for serious complications and early death than the infant without ductal 
patency.'~’ Severe left heart failure with pulmonary edema has been 
observed in the first few days of life, and a precipitous and marked de- 
crease in arterial oxygen saturation secondary to either spontaneous or 
surgical closure of the ductus has occurred. Also, recent histologic studies 
suggest that accelerated pulmonary vascular obstructive disease can 
occur should the ductus remain patent with pulmonary hypertension 
for any prolonged period of time during infancy.4 i 
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FIGURE 1. Cineangiograms ob- 
tained to assess patent ductus ar- 
teriosus in transposition of the great 
arteries. A, right ventricular (RV) 
injection. Significant moderate- 
sized patent ductus arteriosus 
(arrow) with filling of the main pul- 
monary artery (MPA) and branches 
is evident, but in later frames there 
was no Clear visualization of the left 
heart chambers. Ao = aorta; LV = 
left ventricle. B, right ventricular 
injection. Significant, large-sized 
patent ductus arteriosus (arrow) is 
evident; later frames showed 
prominent filling of the left heart 
chambers. C, left ventricular in- 
jection. The significant large patent 
ductus arteriosus (arrow) shows 
reversed shunting (pulmonary artery 
[MPA] to descending aorta [D Ao]) 
through the ductus. 


This report concerns our findings in patients 
with transposition of the great arteries, intact ventric- 
ular septum and patent ductus arteriosus in regard to the 
influence of a patent ductus arteriosus on: (1) the initial 
clinical presentation and findings at cardiac catheter- 
ization, (2) the outcome of balloon atrial septostomy, 
(3) the subsequent clinical course of infants with 
spontaneous or surgical closure of the ductus, and (4) 
the pulmonary vascular bed. 


Material and Methods 


Patient population: A total of 122 infants with complete 
d-transposition of the great arteries who had balloon atrial 
septostomy were followed up at the Children’s Memorial 
Hospital from 1965 to 1975. Forty-one of these infants with 
an associated ventricular septal defect observed at the initial 
cardiac catheterization were excluded to permit study of the 
isolated interaction of a patent ductus arteriosus with trans- 
position of the great arteries. Thirty-nine of the 81 infants with 
intact ventricular septum had patency of the ductus arteriosus 
demonstrated with cineangiography at the initial catheter- 
ization for balloon atrial septostomy, and this group forms the 
basis of our report. 

Methods: The cineangiograms from the initial cardiac 
catheterization were reviewed independently by three in- 
vestigators without knowledge of the patient or the subse- 
quent clinical course. The anatomic and functional size of the 
ductus arteriosus was assessed after a systemic injection of 
contrast material (right ventricular or ascending aortic an- 
giogram), and the ductus arteriosus was graded as small, 
moderate or large. 

The main pulmonary artery opacified after systemic in- 
jection in all 39 infants with a patent ductus. The major cri- 
teria established for identifying functionally significant pa- 
tency were the degree of pulmonary opacification after sys- 
temic injection of contrast material and the extent of opaci- 
fication of the left ventricle after pulmonary circulation of the 
shunted contrast material. 


Results 


Size and functional significance of ductus: On the 
basis of these criteria, 21 of the 39 infants with patent 
ductus arteriosus were considered to have a small and 


Eahriarv 1877 The American Journal of CARDIOLOGY Volume 39 


SV dae of 


TRANSPOSITION AND PATENT DUCTUS ARTERIOSUS—WALDMAN ET AL. f 





functionally insignificant ductus. In all 21, the ductus 
orifice was anatomically small, there was minimal vi- 
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sualization of the pulmonary artery and there was no 


opacification of the left atrium or left ventricle after the 
systemic injection. 


The ductus arteriosus was classified as functionally 


significant in the remaining 18 infants on the basis of 
angiographic review. In 12 of the 18, the ductus was 
considered of moderate functional size because there 
was good visualization of the pulmonary arterial 
branches and subsequently there was faint but definite 
opacification of the left heart chambers. The anatomic 
size of the ductus varied considerably in this group (Fig. 
1A). In six infants the ductus arteriosus was graded 
large. The ductus and aortic isthmus were usually equal 
in size (Fig. 1B) and there was prominent opacification 
of the pulmonary circulation and the left heart cham- 
bers. In this group, after left ventricular selective in- 
jection, the descending aorta was often clearly opacified, 
demonstrating a pulmonary to aortic shunt as well as 


TABLE | 


Initial Clinical Presentation in 39 Infants With Transposition 
of the Great Arteries, Intact Ventricular Septum and Patent 
Ductus Arteriosus 


MESANA SEA LA LE E e AES 


Insignificant PDA Significant PDA 
Clinical Presentation (no. = 21) (no. = 18) 
Degree of cyanosis 
Slight 
Moderate 
Severe 
Marked tachypnea 
with slight cyanosis 
Differential cyanosis* 
Continuous murmur 
Bounding pulses 
Mid-diastolic rumble 
'"Typical'"" cardiothymic 
X-ray configuration 
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*Reversed, pulmonary to aorta, ductal shunting. 
PDA = patent ductus arteriosus. 
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arteriosus but in only 3 of the 18 infants with a large 
ductus arteriosus (Table I). Although extreme pulmo- 
nary vascular engorgement was evident only in infants 
with a large patent ductus arteriosus, the overall 
roentgenographic assessment of pulmonary vascular 
markings correlated poorly with the angiographic as- 


ü % sessment of ductal shunting. 
-~ ARTERIAL Electrocardiogram: Analysis of the initial electro- 
cardiogram recorded in the 1st week of life did not dif- 
O2 S AT. ferentiate between infants with a small and large ductus 


arteriosus. As in infants with transposition and intact 
ventricular septum without patency of the ductus ar- 
teriosus, these initial electrocardiograms showed either 
more right ventricular preponderance than is considered 
normal for age or no conclusive ventricular hypertro- 
phy.^ 

Cardiac catheterization: Aortic blood samples were 
obtained under room air conditions when the clinical 





jm RC x! he status of the infant was considered satisfactory; how- 
CLOSURE ever, one third of the infants were judged to need con- 


. FIGURE 2. Changes in systemic arterial oxygen saturation (96) before tinuous oxygen administered during the catheterization. 


. and after balloon atrial septostomy (BAS), and after closure of a sig- 


nificant patent ductus arteriosus (PDA) produced spontaneously or 


-surgically (arrows). 


: an aortic to pulmonary shunt through the ductus (Fig. 


=C), 
Balloon atrial septostomy was performed using 


. conventional techniques, with inflation of the balloon 


to a volume of 2.0 ml or more. Mean interatrial pressure 


- differences were essentially abolished in every case. 
- There were no procedural complications related to 


- balloon septostomy. 
__ Clinical presentation: The 18 infants whose patent 
. ductus arteriosus was judged functionally significant 


at the initial cardiac catheterization had a mean age of 


8.3 days (range 1 to 41 days) at the time of study, but 11 
. of the 18 were studied on the 1st or 2nd day of life. 
Twelve of the 18 had mild cyanosis and only 2 had severe 
cyanosis (Table I). Eight of the 18 presented with 
tachypnea considered disproportionate to the degree 
_of cyanosis. Signs consistent with a large patent ductus 
_arteriosus—continuous murmur, bounding pulses, 
 mid-diastolic rumble and differential cyanosis (lower 
limbs less cyanotic than upper limbs as a result of re- 
. versed, pulmonary to aortic, ductal shunt) — were each 
noted in three patients, but 10 of the 18 infants had 
none of these signs. 
.. In contrast, the 21 infants with a functionally small 
ductus arteriosus had the classic clinical presentation 
of infants with transposition of the great arteries and 
intact ventricular septum (Table I). The majority (18 
of 21) had moderate or severe cyanosis. Only two infants 
with a small ductus arteriosus had the clinical findings 
of prominent tachypnea and mild cyanosis. None had 
a continuous murmur, bounding pulses, mid-diastolic 
rumble or differential cyanosis. 
. K-ray findings: The typical oval-shaped heart with 
a narrow vascular pedicle was seen in the chest roent- 
genogram in 10 of 21 infants with a small patent ductus 


The mean systemic arterial oxygen saturation before 
balloon atrial septostomy in the infants with a func- 
tionally significant patent ductus arteriosus was 59 
percent; in 6 of these 18 infants it was greater than 70 
percent (Fig. 2). In contrast, the 21 infants with a 
functionally small patent ductus arteriosus had a mean 
systemic arterial oxygen saturation of 45 percent. In the 
42 infants with intact ventricular septum and no de- 
monstrable patency of the ductus arteriosus, the mean 
arterial oxygen saturation was 37 percent. The differ- 
ence in arterial oxygen saturation between the group 
with a significant patent ductus arteriosus and the 
groups with a small or no patent ductus arteriosus was 
statistically significant (P «0.005). 

Changes in systemic arterial oxygen saturation after 
balloon atrial septostomy were variable. The procedure 
effected a marked increase in the few infants who ini- 
tially manifested severe unsaturation (Fig. 2). Those 
with an initial oxygen saturation level of 50 to 70 percent 
showed a significant but slight increase, whereas those 
with an initial saturation greater than 70 percent 
demonstrated little increase after septostomy. 

Six infants had a second cardiac catheterization 
within the first 2 months of life because of marked in- 
crease in cyanosis. The arterial oxygen saturation levels 
documented after the first catheterization and balloon 
septostomy ranged from 73 to 83 percent and at the 
second catheterization had decreased to 32 to 55 percent 
(Fig. 2). The patent ductus arteriosus that had pre- 
viously been documented as functionally significant was 
now closed in five infants and minimally patent in the 
sixth infant. At the second catheterization, before repeat 
balloon septostomy, no infant had an interatrial mean 
pressure gradient greater than 1 mm Hg. 

Interatrial pressure gradients were assessed for 
predictive value of the subsequent clinical course. Four 
of 12 infants (33 percent) with a mean interatrial pres- 
sure gradient of 5 mm Hg or less before balloon atrial 
septostomy were considered to need additional proce- 
dures to enlarge the interatrial communication and 
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Summary of Clinical Course With Respect to Patent Ductus Arteriosus in 122 Infants Having Balloon Atrial Septostomy 











Alive With 
Mustard 
Initial Balloon Large PDA Follow-Up Surgery 
Atrial Septostomy (18) (12) 
TGA (122) BAS* at 18 days 
Early (6) ASD* at 15 days 
sudden MSTD (4) (4) at 2224 m 
ON POU GSES ME RU EUER eg) Spontaneous (12) 
VSD (41) IVS (81) closure 
a qs Ts, Stable (gj CVA* at 18 mo 
VOV ARIE OCA, Ca occult MSTD (5) (5) at 5—24 m 
No PDA E PDA (39) ; 
Early surgical MSTD at 11 mo (1)at 11 mo 
Small PDA (21) Large PDA (18) ————*- PDA closure ASD* at 14 days 


Late surgical 
PDA closure 
at 5, 5, 8 mo 





*Surgical death. 
Advanced pulmonary vascular disease. 
Figures in parentheses indicate number of patients. 


ASD = surgical atrial septal defect; BAS = balloon atrial septostomy; 


at 10, 10, 19 days 


ASD* at 19 days 


t 5 mo 


ASD* at 5 mo 
MSTD at 5 mo (1)a 
MSTD at 8 mo (1) at 8 mo 





CVA = cerebrovascular accident; IVS = intact ventricular septum; MST 


= Mustard operation; PDA = patent ductus arteriosus; TGA = transposition of the great arteries; VSD = ventricular septal defect. 


increase interatrial mixing but did not require early li- 
gation of the patent ductus arteriosus. By contrast, four 
of five infants (80 percent) with a gradient of 6 to 9mm 
Hg before septostomy required additional procedures 
to enlarge the interatrial communication, and three of 
these five infants also had early ligation of the patent 
ductus arteriosus. 


Clinical course (Table II): In 12 of the 18 infants with a 
patent ductus arteriosus initially judged significant in size 
there was spontaneous closure (10 cases) or marked narrowing 
(2 cases) of the ductus (Fig. 3). In six of these infants there was 
a relatively abrupt clinical deterioration characterized by 


FIGURE 3. Cineangiograms showing severe spontaneous 
narrowing of patent ductus (arrow) occurring in an infant 
at about age 3 weeks in association with abrupt clinical 
deterioration. A, at age 1 day; systemic arterial saturation 
is 74 percent. B, at age 23 days; systemic arterial satu- 
ration is 34 percent. Ao = aorta; PA = pulmonary ar- 
tery. 


increased cyanosis and tachypnea apparently associated : 
time with ductal closure. The condition of two of these infan 
improved and stabilized after a second balloon atrial septo 
tomy and each later had a successful elective Mustard ope 
ation performed after age 6 months. One infant whose initi 
cardiac catheterization was performed elsewhere at age 3 da 
did not have a balloon atrial septostomy and was discharg: 
with a high level of systemic arterial oxygen saturation. At a 
18 days there was an abrupt onset of increasing cyanosis, a1 
cardiopulmonary arrest occurred in transit to our hospital. ; 
emergency catheterization no patency of the ductus arterios 
was noted in either the aortic or left ventricular angiograi 
the foramen ovale was patent but small, and aortic oxyg: 
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saturation was 21 percent with the infant in a high ambient 
oxygen atmosphere. Balloon atrial septostomy was anatomi- 
cally successful but the infant died with severe metabolic ac- 
idosis several hours later. 

Three infants who manifested sudden clinical deterioration 
after spontaneous closure of a previously documented large 
patent ductus were referred for emergency surgery. One infant 
had an early successful Mustard correction at age 2 months; 
two infants had atrial septectomy at age 12 and 22 days, re- 
spectively, but only the latter infant survived and had a suc- 
cessful Mustard operation at age 14 months. 

Six of the 12 infants with spontaneous narrowing of the 
ductus had no abrupt clinical changes. Five of these infants 
had repeat cardiac catheterization performed before Mustard 
operation; the ductus arteriosus was completely sealed in three 
and was minimally patent in two. The sixth patient in this 
group died of a cerebral vascular accident at age 18 
months; at necropsy the ductus was sealed. 

_ Early surgical closure of the ductus arteriosus was per- 
formed without concurrent atrial septectomy in three infants 
within the 1st month of life (at age 10, 10 and 19 days, re- 
spectively) because of uncontrollable congestive heart failure: 
a prompt decrease in systemic arterial oxygen saturation was 
documented in each (Fig. 2; note arrows). The condition of one 
infant stabilized clinically although there was a considerable 
increase in cyanosis and a Mustard operation was performed 
at age 11 months. A lung biopsy at this time revealed grade 2 
(Heath-Edwards classification) pulmonary vascular disease.9 
Fourteen months postoperatively the mean pulmonary arte- 
rial systolic pressure was elevated (32 mm Hg) at cardiac 
catheterization and the pulmonary angiogram revealed an 
abnormal pulmonary vascular pattern with increased small 
vessel tortuosity and spotty peripheral opacification 


. suggesting early pulmonary vascular disease.’ The other two 


infants had surgical atrial septectomy performed 2 and 4 days, 
respectively, after surgical ligation of the patent ductus ar- 
teriosus because of persistent severe systemic arterial unsat- 
uration; both infants died during the attempted septec- 
tomy. | 

The ductus arteriosus remained widely patent in three 
infants for a relatively prolonged period (5 to 8 months) be- 
fore late surgical closure. In one infant who was lost to fol- 
low-up study for 3 months, cardiac catheterization at age 5 
months showed a small patent foramen ovale with limited 
intercirculatory shunting, severe left heart failure (left ven- 
tricular pressure 75/24 mm Hg), moderate pulmonary arterial 
hypertension (pulmonary arterial pressure 60/30, mean 45 mm 
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Hg) and prominent reversed shunting through the patent 
ductus arteriosus. This infant died shortly after atrial sep- 
tectomy and ductus ligation; autopsy was not permitted. The 
second infant with a prolonged persistent large patent ductus 
arteriosus had pulmonary hypertension (pulmonary arterial 
pressure 55/30, mean 43 mm Hg) and increased pulmonary 
vascular resistance (7 units) observed at cardiac catheteriza- 
tion at age 8 months. A lung biopsy specimen obtained during 
a Mustard operation shortly thereafter showed widespread 
grade 4 pulmonary vascular disease (Fig. 4). This infant had 
an uneventful postoperative course and is awaiting late he- 
modynamic reevaluation. The third infant with prolonged 
persistent large patent ductus arteriosus, but with minimally 
increased mean pulmonary arterial pressure (20 mm Hg) at 
age 5 weeks, had a Mustard operation with closure of the 
patent ductus arteriosus at age 5 months. The lung biopsy 
specimen revealed grade 2 pulmonary vascular disease 
changes, a finding not uncommon at age 5 months in infants 
with transposition of the great arteries and intact ventricular 
septum after palliation.* Repeat cardiac catheterization 16 
months postoperatively indicated normal pulmonary arterial 
pressure and pulmonary vascular resistance. ' 


Discussion 


The major physiologic handicap for an infant with 
cemplete transposition of the great arteries and an in- 
tact ventricular septum is the lack of adequate inter- 
circulatory mixing. The increased mixing provided by 
a widely patent ductus arteriosus with the resultant 
increase in systemic arterial oxygen saturation would 
seem initially to be beneficial for these infants. Our 
experiences indicate that the complications encountered 
in this group with a large persistent patent ductus ar- 
teriosus outweigh the benefits of an early increase in 
systemic oxygen saturation. However, persistence of a 
small patent ductus arteriosus appeared to have little 
clinical significance. Some degree of patency of the 
ductus arteriosus was found at the initial cardiac cath- 
eterization in 48 percent of infants (39 of 81) with 
complete transposition of the great arteries and intact 
ventricular septum. T'wenty-one of these infants were 
considered by angiographic criteria to have a func- 
tionally insignificant patent ductus arteriosus and their 
neonatal clinical findings and subsequent clinical course 


FIGURE 4. Lung biopsy specimen 
showing advanced pulmonary vas- 
cular disease in an 8 month old in- 
fant with transposition of the great 
vessels, intact ventricular septum 
and a large patent ductus arteriosus. 
A, plexiform lesion (arrow) of grade 
4 pulmonary vascular disease 
(vessel diameter 270 4). B, plexi- 
form lesion (arrow) arising fromea 
vessel with a diameter of 250 u. 
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were apparently not different from those of infants 
without a patent ductus arteriosus. 

Autopsy series have reported a greater incidence of 
patent ductus arteriosus in infants with transposition 
of the great arteries. Cassels et al.8 reported the ductus 
patent at autopsy in 88 of 88 infants (100 percent) with 
simple complete transposition of the great arteries who 
died at less than 4 weeks of age, in 21 of 26 infants (78 
percent) who died at age 4 to 8 weeks, and 10 of 44 in- 
fants and children (23 percent) who died after age 12 
weeks. Consideration must be given to both the pre- 
ponderance of neonates in these autopsy series and the 
possibility of reversible functional closure preceding 
fixed anatomic closure in a catheterization series. 

The physiologic mechanism regulating normal neo- 
natal ductal closure appears to be the increase in sys- 
temic arterial partial pressure of oxygen (PO») that 
occurs after birth.? It can be postulated that the ductus 
in infants with transposition tends to remain func- 
tionally patent for a longer period than normal because 
the decreased PO; of the arterial blood does not provide 
a potent constricting stimulus. Nevertheless, even 
though systemic arterial PO» levels remain as low as 30 
to 40 mm Hg, the ductus constricts in the majority of 
these infants. 


Clinical Course 


A persistent functionally significant patent ductus 
arteriosus usually resulted in a distinct difference in the 
clinical course. In a third of these infants the systemic 
arterial oxygen saturation was much greater (70 percent 
or more) initially than in most infants with transposi- 
tion without patent ductus arteriosus. Correspondingly, 
the presenting clinical findings in most of this group 
were characterized by minimal cyanosis and marked 
tachypnea. This tachypnea is likely the result of left 
atrial and pulmonary venous congestion secondary to 
the increased pulmonary blood flow. 

A complete and accurate clinical diagnosis may be 
difficult because of the relative absence of typical 
findings usually associated with a large patent ductus 
arteriosus. Twelve of the 18 infants in this group did not 
have a continuous murmur, bounding pulse, mid-dia- 
stolic flow murmur or differential cyanosis. Further- 
more, only 3 of the 18 patients had the typical roent- 
genographic findings of an egg-shaped cardiac silhou- 
ette with narrow vascular pedicle. In contrast, about half 
the neonates with transposition and intact ventricular 
septum have a typical oval cardiac silhouette.!? The 
atypical appearance with large patent ductus arteriosus 
was due to normal superior mediastinal width, probably 
caused by a more normal-sized thymus and larger main 
pulmonary artery in these less cyanotic infants. 

The majority of the infants with an initial significant 
patent ductus arteriosus (12 of 18; 67 percent) had 
spontaneous narrowing or closure of the ductus arteri- 
osus. An additional three infants were referred for early 
surgical closure of the ductus because of excessive pul- 
monary blood flow and congestive heart failure. Closure 
of the ductus produced dramatic clinical deterioration 
in.8 of these 15 infants, including 6 of 12 with sponta- 
neous closure and 2 of 3 with surgical closure. 
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The sudden decrease in arterial oxygen saturatior 
and clinical deterioration noted after closure of the 
ductus results from decreased intercirculatory mixin 
at the atrial level. The decreased pulmonary blood flov 
after ductal closure results in decreased pulmonar 
venous return and left atrial pressure and subsequently 
a decreased interatrial shunt. One might additionalh 
postulate that the pulmonary blood flow could be fur 
ther restricted after sudden closure of the ductus be 
cause of increased pulmonary vascular resistance-re 
sulting from a persisting reactive hypertrophy of the 
pulmonary vascular medial muscle due to the increasec 
pulmonary hypertension and blood flow.? 

Plauth et al.! in a study of 42 infants with transposi 
tion of the great arteries found 7 infants (17 percent 
with persistent patent ductus arteriosus at the initia 
cardiac catheterization. In contrast, we observed ar 
incidence rate of 48 percent (22 percent judged smal 
and 26 percent judged large) in our study of 81 infant 
with intact ventricular septum. The lower incidence rati 
in their study can be explained by an apparent older agi 
at the time of initial catheterization. Spontaneous clo 
sure of the patent ductus was recorded in five of thei 
infants, including two with a marked increase in cya 
nosis associated with the ductal closure. Rashkind! 
concluded that patent ductus arteriosus was a seriou 
associated defect in transposition of the great arteries 
in his series only 1 of 17 infants with this combinatior 
survived despite adequate septostomy with or withou 
early ligation of the ductus. Clarkson et al.!*-reportec 
that two infants with a large ductus and congestive hear 
failure were successfully managed with early primar) 
correction at 11 and 55 days of age, respectively. 


Effectiveness of Balloon Atrial Septostomy 


Our findings suggest that balloon atrial septostom 
may be less effective clinically in patients with trans 
position who have a large patent ductus arteriosus thai 
in other patients with transposition. In our series o 
infants with transposition of the great arteries and in 
tact ventricular septum who underwent balloon atria 
septostomy, 10 of 42 infants (23 percent) without ; 
patent ductus arteriosus were referred for additiona 
procedures to relieve cyanosis soon after septostomy 
In contrast, 8 of 18 infants (44 percent) with an associ 
ated significant patent ductus arteriosus appeared t 
require such procedures. 

The success of balloon atrial septostomy in producin; 
an adequate interatrial defect is generally judged b 
reduction in interatrial pressure gradients, increase il 
systemic arterial oxygen saturation and improvemen 
in general clinical condition. The interatrial pressur 
gradients were essentially abolished by balloon atria 
septostomy in six infants in our series who subsequent] 
manifested abrupt cyanotic deterioration after ducta 
closure. Observations during repeat balloon atrial sep 
tostomy in these six infants suggest that the septostom: 
procedure increased the anatomic size of the interatria 
communication but apparently had an inadequat 
functional effect. The role of persisting increased pul 
monary vascular resistance in this subgroup of infant 
can be raised as a possible mechanism for limiting pul 
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-~ monary blood flow and intercirculatory mixing after 


ductal closure.!? 
The increasing success with corrective (interatrial 
baffle) surgery in newborns, the apparent ineffective- 


ness of balloon atrial septostomy and the high reported 


mortality rate of septectomy suggest that early primary 
corrective surgery should be considered in these in- 
fants. 


Influence of Patent Ductus Arteriosus on Pulmonary 
Vascular Bed 


A persistent large patent ductus arteriosus appears 
to be associated with an increased incidence and ac- 
celerated progression of pulmonary vascular disease in 
patients with complete transposition of the great arte- 
ries and intact ventricular septum. Newfeld et al.* found 
that 9 of 107 patients with intact ventricular septum had 
grade 3 or 4 pulmonary vascular disease, and 5 of these 
9 had evidence for patency of a significant ductus ar- 
teriosus for 90 to 135 days. 

In our study, 3 of the 18 infants with a significant 
patent ductus arteriosus diagnosed at the initial cath- 


.. eterization had persistence of the widely patent ductus 
. after age 4 months. T'wo of these three infants had sig- 


nificant pulmonary hypertension diagnosed at cardiac 
catheterization performed at age 5 and 8 months, re- 
spectively, and the 8 month old patient had grade 4 


histologic pulmonary vascular changes noted at the time 


of open heart surgery. The third infant had grade 2 
pulmonary vascular changes noted at age 5 months at 
the time of the Mustard operation and normal pulmo- 
nary arterial pressures at age 21 months. It appears 
likely that a small patent ductus arteriosus may persist 


_ for long periods without an increased incidence of pul- 


monary vascular disease. 


Clinical Implications 


A large persistent patent ductus arteriosus has a 
detrimental effect on the clinical course of infants with 
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transposition of the great arteries. Excessive pulmonary 
blood flow resulting from ductal shunting can result in 
severe congestive heart failure and the infant may re- 
quire surgical closure of the ductus as an emergency 
procedure. Balloon atrial septostomy may be less ef- 
fective in providing interatrial mixing and palliation in 
the presence of a significant patent ductus arteriosus, 
and sudden closure of the duct, either spontaneously or 
surgically, can be associated with an abrupt decrease in 
systemic arterial oxygen saturation and clinical dete- 
rioration. Persistent patency of a large ductus in infants 
with transposition of the great arteries appears to be 
associated with a relatively high incidence rate of ac- 
celerated pulmonary vascular disease, and these ad- 
vanced and presumably irreversible changes have been 
observed within the Ist year of life. 

We recommend the following management for the 
infant with transposition of the great arteries and intact 
ventricular septum with a significant patent ductus 
arteriosus observed at the initial neonatal cardiac 
catheterization. (1) Balloon atrial septostomy should 
be performed, as in all infants with transposition of the 
great arteries. (2) If the ductus is large and there is left 
heart failure, the ductus must be closed surgically (or, 
in the future, possibly by cardiac catheter-plug tech- 
niques or pharmacologic agents). Primary corrective 
surgery will also be indicated at this time in most cir- 
cumstances because of inadequate intercirculatory 
mixing and the poor salvage from atrial septectomy. (3) 
H the ductus remains significantly patent but the clin- 
ical status is satisfactory, continuing close observation 
is still necessary because abrupt deterioration associated 
with spontaneous ductal closure can occur in some in- 
fants rather than the more common occult closure. (4) 
If the clinical status continues to be satisfactory but the 
ductus remains grossly patent, early corrective surgery 
with closure of the ductus should be considered, prob- 
ably no later than at age 4 months, to prevent possible 
progression in pulmonary vascular disease. 
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The incidence of myocardial infarction and death from coronary heart © 
disease was studied in defined samples of 45 to 68 year old Japanese men - 
in Japan, Hawaii and California. The incidence rate was lowest in Japan 
where it was half that observed in Hawaii (P <0.01). The youngest men | 
in the sample in Japan were at particularly low risk. The incidence among — 
Japanese men in California was nearly 50 percent greater than that of- 
Japanese in Hawaii (P « 0.05). A striking increase in the incidence of 
myocardial infarction appears to have occurred in the Japanese who 
migrated to the United States; this increase is more pronounced in Cali- 
fornia than in Hawaii. 


'The mortality rate from coronary heart disease in Japan is among the 
lowest in the world.! In early studies based on consecutive autopsy ex- 
aminations, Kimura? and Gore et al.? reported a small prevalence of 
coronary atherosclerosis in Japan, and Keys et al.* reported a greater 
prevalence of severe coronary atherosclerosis in Japanese in Hawaii than 
in Japanese in Japan. From vital statistics Gordon? showed that mor- 
tality due to coronary heart disease was greater among Japanese in the 
United States than among Japanese in Japan but substantially less than 
that of American Caucasians. Furthermore, mortality from coronary 
heart disease was greater among Japanese Americans in the continental 
United States than among those in Hawaii. These findings directly imply 
that, in men of similar racial background, Westernization of lifestyle is 
associated with an increase in the frequency of coronary heart dis- 
ease. 

The tripartite Ni-Hon-San* Study was initiated in 1965 to verify these 
differences in cardiovascular disease rates between Japanese men living 
in Japan and the United States and to observe the operation of coronary 
heart disease risk factors in contrasting environments. The populations 
under investigation are men of Japanese ancestry resident in Japan 
(Hiroshima and Nagasaki), Hawaii (Island of Oahu), and the eight- 
county San Francisco Bay Area of California. Defined samples in these 
locations have been examined and followed up on the basis of a common 
protocol designed to minimize methodologic differences among the three 
collaborating groups.? In this report we examine the incidence of myo- 
cardial infarction and death from coronary heart disease in these co- — 
horts. 


Study Populations and Methods 


Methods of enumeration, response rates and characteristics of the three 
samples at the initial examination have already been reported.9^ A subsample 
of the men in Japan were exposed to atomic radiation in 1945; however, no 
relation between this exposure and incidence of coronary heart disease has been 
observed. The common age range of men at initial examination was 45 through 





* Ni-Hon-San is an acronym for Nippon, Honolulu and San Francisco. In Japanese, Nihon | 
San can be understood loosely as ''the Japanese three.” 
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68 years. These examinations were conducted in the years 
1965 to 1966 in Japan, 1965 to 1968 in Hawaii and 1969 to 1970 


in California; only men who were free of definite or possible 
myocardial infarction as assessed with the electrocardiogram 


E a 


 atthe initial examination were followed up for incidence.9 


Biennial follow-up examinations including electrocardi- 
ograms were performed in Japan and Hawaii but not in Cal- 


- ifornia. Other surveillance procedures performed in California 


. could be compared with those performed in Hawaii. Conse- 


quently, it was possible to make separate comparisons of in- 


P cidence between Japan and Hawaii and between Hawaii and 
.. California. 


Japan-Hawaii comparison: Because of differences in 


. medical care, culture and language between Japan and Hawaii, 
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_ it was decided that only the most objective evidence of coro- 
nary heart disease should be used for this incidence compar- 
. json. Incidence of coronary heart disease was therefore based 


exclusively on the diagnosis of myocardial infarction as indi- 


. cated by electrocardiographic changes between two successive 


. examinations or on the occurrence of death from coronary 


. heart disease. 


To compensate for the smaller sample at risk in Japan, a 6 


_ year period of follow-up was used instead of the 2 year period 


used in Hawaii. The men in Japan were examined biennially 
and, to make the comparison as fair as possible, the sample 


— at risk was redefined at the beginning of each 2 year period. 
. At each successive examination younger men were added and 


older men were removed to maintain the age of the sample at 
risk in the range 45 through 68. The electrocardiogram re- 
corded at each successive examination was used to determine 
eligibility and also as the control for incidence during the next 


. 2 years. The follow-up in Hawaii was limited to 2 years; 
therefore, care was exercised to restrict the periods of risk 


= comparably in Japan. Thus, men who died more than 24 


. months after an initial (or control) examination and the sur- 
viving men who failed to return for reexamination within the 


time limit specified for biennial follow-up examination were 


. not considered for incidence of coronary heart disease. In this 
way 2,096 men in Japan contributed 9,908 person-years of risk. 
The majority of these men were at risk during all three of the 


successive 2 year periods of risk. In Hawaii 7,705 men con- 
tributed 15,410 person-years. 
Electrocardiograms in Japan and Hawaii were routinely 


. interpreted by physicians in the respective study centers using 


. mutually agreed upon criteria.5? In addition, tracings from 


both centers were sent to the Laboratory of Physiologic Hy- 
giene, University of Minnesota, for interpretation according 


. to the Minnesota code.!? In both study centers, all available 
à electrocardiographic pairs taken 2 years apart were identified. 
"The pair was indexed for joint review when either electro- 


cardiogram had been read as positive for any of the specified 


—. Q or QS wave patterns,9?.!? left bundle branch block, right 
= bundle branch block, Wolff-Parkinson-White syndrome or 


intraventricular block designated either by the Minnesota 


- Laboratory readers or by the physician electrocardiographers 


in Japan and Hawaii. Electrocardiographic pairs were also 


reviewed if a subject gave a history suggestive of coronary 
heart disease. Copies of the electrocardiographic pairs to be 
reviewed were read concurrently by investigators in both 


_ Japan and Hawaii. There was good agreement among the re- 


. viewers; 91 percent of the electrocardiograms were classified 
. identically with respect to presence or absence of myocardial 


infarction. Those with differences were adjudicated at a 
meeting of the concerned investigators from both study cen- 
ters. Subjects were removed from the cohorts at risk when 
their initial (or control) electrocardiograms were read as 
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positive for left bundle branch block, Wolff-Parkinson-White 
syndrome or any pattern suggesting definite or possible 
myecardial infarction according to our criteria.9? The biennial 
follow-up electrocardiogram was read in comparison with the 
control electrocardiogram for the appearance of definite Q or 
QS wave changes that met these criteria.9? If the criteria were 
fulfilled, the case was classified as a myocardial infarction 
incidence case. 

Electrocardiographic readings were made independently 
of clinical information or knowledge of prior readings. Nev- 
ertheless, in each incidence case identified by the review of 
biennial electrocardiograms, myocardial infarction had been 
assessed by physician electrocardiographers at the time of 
biennial examination. 

Each death from whatever cause occurring within 24 
months of a control examination was reviewed as possibly due 
to coronary heart disease. The ascertainment of deaths in the 
three cohorts has previously been described and is believed 
to be virtually complete.!! Death certificates, autopsy reports, 
histories of terminal illness and, when available, electrocar- 
diograms and serum enzyme levels were reviewed. 

The criteria for death due to coronary heart disease were 
as follows: (1) definite autopsy evidence of recent myocardial 
infarction by gross or histologic examination in the absence 
of other fatal conditions, specifically trauma and cancer; or 
(2) adequate clinical history to exclude other major causes of 
death and at least one of the following: (a) specific electro- 
cardiographic evidence of acute myocardial infarction, (b) 
nonspecific electrocardiographic changes with appropriate 
enzyme elevations, (c) abrupt onset of chest pain leading to 
death within 24 hours, or (d) sudden unexpected death within 
3 hours of onset of terminal illness in an ambulatory and ap- 
parently well individual. Final classification of all suspected 
deaths from coronary heart disease in all three cohorts was 
made by one reviewer. 

Hawaii-California comparison: The men at risk for the 
Hawaii-California comparison were all those aged 45 through 
68 years at the time of initial examinations whose electro- 
cardiograms were free of Q and QS wave patterns, Wolff- 
Parkinson-White syndrome or left bundle branch block 
identified by the University of Minnesota Laboratory (Min- 
nesota code!? items 1-1-1 through 1-3-6, 6-4 and 7-1). 

Community surveillance for coronary heart disease has been 
carried out systematically in Honolulu since 1965.!? Deaths 
were ascertained from obituaries, death certificates and au- 
topsy reports. Information on morbidity was gathered from 
svstematic review of records in all general hospitals on the 
island of Oahu, as well as from a questionnaire given at the 
biennial follow-up examinations. Copies of hospital electro- 
cardiograms were reviewed by study physicians for the oc- 
currence of acute myocardial infarction. For this comparison, 
any illness suggestive of coronary heart disease that was re- 
ported at the second examination (95 percent response rate) 
or during telephone follow-up among those who refused ex- 
amination, and which could be documented as a myocardial 
infarction by review of the hospital electrocardiograms, was 
included as an incidence case. 

In California, a brief questionnaire was mailed to each co- 
hort participant 2 years and again 4 years after the initial 
examination. Subjects were asked to report any health prob- 
lem, medical visit or hospitalization for any cause. After re- 
peated mailing, a response to the 2 year follow-up question- 
naire was obtained from 97 percent of the initial examinees; 
the response to the 4 year follow-up questionnaire was 94 
percent. Medical records, including electrocardiograms, were 
obtained for all persons in whom occurrence of coronary heart 
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TABLE | 
Methods of Morbidity Ascertainment in Hawaii 


no. 
|. Cases ascertained only by biennial electro- 
cardiogram in Japan-Hawaii comparison 
Silent myocardial infarction 10 
Symptomatic but not hospitalized 1 
Excluded from population at risk in 2 
Hawaii-California comparison 
Total cases 13 
Il. Cases ascertained only by surveillance in 
Hawaii-California comparison 
Follow-up electrocardiogram non- 4 
diagnostic 
Failed to return for follow-up 4 
electrocardiogram 
Excluded from population at risk in 2 
Japan-Hawaii comparison 
Total cases 10 
III. Cases ascertained by both methods | and II 21 


disease was suspected. These records were sent to Hawaii for 
review. 

In California, surveillance for mortality has been carried 
out using obituary notices and all death certificates for men 
of Japanese ancestry who died in California. For cohort de- 
cedents with suspected coronary heart disease, copies of death 
certificates, clinical information relating to terminal illness 
and autopsy findings were sent to the mortality reviewer. On 
the basis of this comparative record review, coronary heart 
disease was classified as either nonfatal myocardial infarction, 
when characteristic QRS and ST-T wave changes were found 
in hospital electrocardiograms of a survivor, or death due to 
coronary heart disease, when the criteria specified in the 
preceding section were fulfilled, as classified by the mortality 
reviewer. 


Results 


The different methods of morbidity ascertainment 
in Hawaii for the comparisons with Japan and with 
California resulted in different case rosters. The dif- 
ferences may be summarized as shown in Table I 
(deaths due to coronary heart disease are excluded). 
Despite these differences the total number of nonfatal 
myocardial infarctions ascertained by the two methods 
was similar. 

Table II gives a breakdown of case ascertainment in 
the three cohorts. From one quarter to one third of the 
incidence cases in each study area were deaths. Au- 
topsies were obtained in approximately one third of all 
deaths in Japan and one half of all deaths in Hawaii and 
California. Of 12 cases of myocardial infarction identi- 
fied by biennial electrocardiographic follow-up in 
Japan, a clinical history of myocardial infarction had 
been obtained independently in 6. In 24 of the 34 cases 
of myocardial infarction ascertained by biennial elec- 
trocardiogram in Hawaii, there was a clinical history of 
myocardial infarction. In all cases ascertained in the 
Hawaii-California comparison the patients were 
symptomatic since detection depended upon overt 
manifestations. 


I WAN Trey xz 
ZEN QN TS 
- ^ ww 


M Terie ae TE Bed 


easy To PETE Pe Pe oe 


MYOCARDIAL INFARCTION. IN JAPANESE MEN—ROBERTSON. Er Al 


TABLE II 


Cases of Myocardial Infarction and Death From Coronary 
Heart Disease by Mode of Ascertainment in Japanese Men 
Aged 45 to 68 Living in Japan, Hawaii and California* 





Mode of Ascertainment 





Mor- 
bid- 
Biennial ity 
Electro- Sur- 
Axis of Study cardio- Au- Other veil- 
Comparison Site gram topsy Fatalt lance Tot 
Japan-Hawaii Japan 12 1 3 4 16 
comparison 
Hawaii 34 8 5 = 4% 47 
Hawaii-California Hawaii is 8 5 31 44 
comparison 
California LM 5 5 17 27 





*The Japan-Hawaii comparison excluded cases identified only b 
review of medical records in the community (see text). The Hawai 
California comparison was based solely on morbidity and mortalit 
surveillance because biennial follow-up electrocardiograms w?re nc 


obtained in California. P NC 
t Death due to coronary heart disease as assessed by clinical criteri 


(see text). 


Table III shows the number of person-years at risk 
number of cases (both myocardial infarctions am 
deaths due to coronary heart disease) and annual inci 
dence by age for Japan and Hawaii. In Japan no case 
were detected in the youngest men, aged 45 to 49 years 
With the exception of men aged 65 to 68 years, in whon 
the number at risk was relatively small, incidence in 
creased with increasing age. After age-adjustment, usin 
the cohort at risk in Hawaii as the standard, the inci 
dence rate of coronary heart disease was found to bi 
twice as high in Hawaii as in Japan (P <0.01). 

The results of the comparison between Hawaii anc 
California are shown in Table IV. Age-specific incidenc 
rates were higher in California in four of the five agi 
groups. Overall, the age-adjusted rate for California wa 
nearly 50 percent higher than for Hawaii (P <0.05). 


TABLE III 


Incidence of Myocardial Infarction and Death From 
Coronary Heart Disease in Japanese Men: Comparison 
Between Japan and Hawaii 








Hawaii Japan 
Person- Person- 

Age Years at Cases Years at Cases 

(yr) Risk (no. Rate* Risk (no.) Rate * 
45—49 3,576 6: 1,27 1,822 0 
50—54 5,390 14 2.6 2,250 2:148 
55—59 3,082. .12.. 39^ 2:382 6 2.6 
60—64 2,526 11 44 2,496 5.6259 
65—68 836 4 48 1,188 » NS Jer. 
Total 15,410 47 30 9908 16 1.6(1.4)7 (P «0.01 
45-64 14574 43 30 8720 14 1.6(1.4)7 (P «0.01 





* Cases per 1,000 person-years. 

+ Age-adjusted rate, in parentheses, using the Hawaii sample as the 
standard; this differs significantly from the Hawaii rate as indicated 
(one-sided test) .'? 
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TABLE IV 
Incidence of Myocardial Infarction and Death From 


- Coronary Heart Disease in Japanese Men: Comparison 


Between Hawaii and California 


Hawaii California 
Person- Person- 

Age Years at Cases Years at Cases 

(yr) Risk  (no.) Rate* Risk  (no.) Rate* 
45—49 3,568 6' 17, AGO 8 3.0 
50—54 Tare. 132-24... 2.149 6 2.8 
55—59 COBS 12 73.9. 14254 4 3.2 
60—64 2,542 10 3.9 652 7-107 
65—68 838 i. 3.8 458 2 4.4 
Total 15448 44 2.8 7,172 27  38(43)fí (P <0.05) 
45-64 14610 41 28 6,14 25 34 (4.3)? (P <0.05) 


*Cases per 1,000 person-years. 
Age-adjusted rate, in parentheses, using the Hawaii sample as the 
standard; this differs significantly from the Hawaii rate as indicated 
(one-sided test). '? 


Discussion 


Reliability of Study 
Comparisons of incidence of coronary heart disease 


. in communities that are geographically remote and 
culturally different must be undertaken with caution. 


Even though a joint protocol was followed in this in- 


ternational tripartite study, the possibility of bias needs 


examination. A primary concern is that ascertainment 


— inthe cohort in Japan was not an underestimate of the 


incidence relative to the cohort in Hawaii. Restriction 
of the criteria for coronary heart disease to the most 


—— objective manifestations removed most of the usual 


Sources of bias, and the problem of nonresponse was 
- rather small. More than 93 percent of the surviving men 


who participated in the initial examination returned for 


the follow-up examination in Hawaii; in Japan the av- 
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erage response was about 90 percent. 
The independent surveillance activity in Hawaii gives 


some information about the aggregation of disease in 


the nonrespondent group. Of the 31 men who had a 


= nonfatal infarction ascertained by the surveillance 
procedure, only 4 had not returned for the second ex- 


amination. Had these men been included, the rate in 


Hawaii would have been increased by less than 10 per- 


cent. It is our impression that the aggregation of coro- 


-nary heart disease in the nonrespondent group in Japan 
_ is less marked than in Hawaii. Illness was a major reason 


for nonresponse in the Hawaii cohort, partly because the 
subjects generally provided their own transportation 
to the clinic, and this was an impediment to those who 


.. were ill. In Japan, a taxi service to and from the clinic 


was provided by the Study. The consistency of our 


findings with the prevalence and mortality data from 


— the Ni-Hon-San Study,! ^ and with the data of other 


investigations,?-59.15-!7 supports the conclusion that the 
incidence of coronary heart disease is smaller in Japan 
than in Hawaii. 

There is also reason to believe that the difference in 
incidence rates between California and Hawaii is not 
due to bias. Follow-up examination or telephone contact 
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was 99.7 percent complete in Hawaii,’ as against 94 to 
97 percent for the mail follow-up in California. Hospi- 
talization for symptomatic myocardial infarction in 
Hawaii was nearly universal.!* Only one man with evi- 
dence of a new myocardial infarction in his electrocar- 
diogram on the second examination and a history of 
compatible symptoms had not been hospitalized. Al- 
though underascertainment of death from coronary 
heart disease in Hawaii cannot be completely excluded, 
it seems unlikely that deficiencies in the follow-up or 
in hospitalization practice in Hawaii could have led to 
underdetection relative to the excess of cases in Cali- 
fornia. This excess is consistent with mortality data?! 
as well as with the finding that prevalence of coronary 
heart disease is greater in California than in Ha- 
waii.!4 

The cohort in Hiroshima and Nagasaki is considered 
appropriate for comparison with the Japanese resident 
in Hawaii and California. The majority of cohort 
members in both Hawaii and California are first or 
second generation migrants from Western Japan; Hi- 
roshima is the predominant prefecture of origin.’ Es- 
sentially all of the members of the American cohorts 
were of pure Japanese ancestry, and ABO blood group 
frequencies were similar in all three study sites.‘ Mor- 
tality from coronary heart disease in Hiroshima and 
surrounding prefectures was shown to be intermediate 
between the extremes observed in Japan.!9.!? Further- 
more, the mortality from coronary heart disease of the 
total sample in Hiroshima and Nagasaki was found to 
be very near that for Japan as a whole.!! 

The possibility of selective emigration of men prone 
to coronary heart disease to the United States appears 
unlikely. Preliminary analysis in Hawaii of mortality 
due to coronary heart disease!? and of incidence of 
coronary heart disease (unpublished data) suggests that 
the Issei, first generation immigrants, manifest less 
coronary heart disease than the Nisei, second generation 
immigrants, who make up the majority (approximately 
85 percent) of the two United States cohorts under in- 
vestigation here.’ Younger men in Hawaii have an in- 
cidence rate of coronary heart disease that is closer to 
that of Caucasians than do the older men.!? Also, the 
prevalence of pathologically confirmed myocardial in- 
farction at death in the Hawaii sample is dispropor- 
tionately high in the younger men relative to the older 
men.” These observations suggest that increasing 
Westernization of the younger birth cohorts rather than 
genetic difference accounts for the increased coronary 
heart disease frequency. 


Increased Incidence of Coronary Heart Disease in 
Japanese American Men 


Younger men in the cohort in Japan appear to expe- 
rience a very low incidence rate of myocardial infarction 
and death from coronary heart disease. No events were 
identified in cohort members under age 50 in our study; 
this is consistent with the previously reported low in- 
cidence rate under age 50 in this population sample.® 
Also, autopsy study of deaths in a larger sample in Hi- 
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roshima uncovered no case of death due to coronary 
heart disease in men under age 55 during 6 years of 
surveillance.?? | 

Confirmation of more frequent occurrence of coro- 
nary heart disease in Japanese American men compared 
with men in Japan indicates that some change in envi- 
ronment or living habits has altered susceptibility to the 
disease. This change appears to have progressed further 
in California than in Hawaii. 'The extent to which dif- 
ferences in known risk factors can explain the differ- 
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ences in incidence of disease will be considered in sep: 
arate reports. 
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Various risk factors were evaluated to explain a significantly greater 
incidence of coronary heart disease in men of Japanese ancestry resident 
in Hawaii compared with men resident in Japan. The independent pre- 
dictors of incidence of coronary heart disease in both Japan and Hawaii 
were systolic blood pressure, serum cholesterol, relative weight and age.. 
These factors appeared to influence incidence similarly in both areas 
because in each case the correlation coefficients for Japan and Hawaii 
did not differ significantly. 

The hypothesis that the greater incidence in Hawaii could be attributed 
to differences in levels of these risk factors was tested with the Walker- 
Duncan method. The four variable multiple logistic function describing 
the probability of coronary heart disease in Japan was applied to the 
cohort characteristics observed in Hawaii. The estimated incidence thus 
obtained was not significantly different from that actually observed in the 
men resident in Hawaii. Therefore the increased coronary risk profile in 
Hawaii compared with Japan can account for the greater incidence of 
coronary heart disease in the former. 

Current cigarette smoking was significantly related to the risk of cor- 
onary heart disease in Hawaii but not in Japan. This difference requires 
further investigation. 


We have reported! a significantly greater incidence of myocardial in- 
farction and death from coronary heart disease in men of Japanese an- 
cestry resident in Hawaii compared with men resident in Japan. The 
prevalence of coronary heart disease? and mortality due to it? were also 
greater in Hawaii. These reports from the Ni-Hon-San Study’ are in 
agreement with the earlier analysis of United Statesand Japanese vital 
statistics by Gordon? and with the report by Keys et al. This experience 
of the Japanese is similar to that reported for other ethnic groups who 
have migrated from regions with low rates of coronary heart disease to 
the United States’ and other countries*? with high rates. 

In this report we compare the risk of coronary heart disease in two 
culturally divergent cohorts of Japanese men!? to determine the extent 
to which the observed difference in incidence may be explained by dif- 
ferent levels of suspected risk factors. The comparative risks in California 
and Hawaii will be considered in another report because the incidence 
data in California cannot be compared directly with the data from 
Japan.! 


Methods 


Selection of the cohorts in Japan (Hiroshima and Nagasaki) and Hawaii 
(Island of Oahu) and measurement of characteristics at the initial examina- 
tion have been described.*.? In order to minimize methodologic and observational 
differences, a joint protocol was followed. 

Protocol: The men considered here at risk for development of coronary heart 
disease were born between 1900 and 1919 and were free of myocardial in- 
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farction as determined by a review of electrocardiograms re- 
corded at initial examinations.! The common age range of the 
two cohorts was 45 through 68 years. Follow-up examinations 
were obtained 2 years after the initial examinations. In Hawaii 
7,705 men were at risk for 2 years. In Japan the sample was 
examined biennially; therefore, to obtain more person-years 
of experience for comparison, the sample was redefined at two 
follow-up cycles of examination conducted through 1970. At 
these subsequent cycles of examination, men over age 68 were 
excluded and the remainder were considered at risk if they 
were free of myocardial infarction as shown by the electro- 
cardiogram recorded at the subsequent examination. A total 
of 1,963 men* were examined at least once and the majority 
were examined and followed up during three successive 2 year 
periods of risk between 1965 and 1972. The average follow-up 
period was 5.0 years. 

Incidence cases were defined either by evidence of myo- 
cardial infarction in a biennial follow-up electrocardiogram 
or by the occurrence of death attributed to coronary heart 
disease by our criteria.'4 On the basis of a prior study,’ it is 
reasonable to assume that virtually all deaths have been 
identified by our extensive surveillance of mortality. For de- 
cedents in both cohorts with suspected death from coronary 


TABLE I 


Mean Values of Selected Attributes of Men, Aged 45 to 68 
Years at First Examination, in Japan and Hawaii With and 
Without Subsequent Coronary Heart Disease (Myocardial 
Infarction or Death From Coronary Heart Disease) 








Japan Hawaii 
CHD CHD 
Cases Others P Cases Others P 
Weight (kg) 56.2 55.1 NS 67.9 63.3 «0.01 
Relative weight 105.0 101.9 NS 121.4 113.9 «0.01 
(%) 
Subscapular 11.6 10.2 NS 19.2 16.4 «0.01 


skinfold (mm) 

Serum choles- 209.55 181.0 «001 2329 218.0 «0.01 
terol (mg/dl) 

Serum triglycer- 170.9 134.3 NS 305.9 229.3 «0.01 
ide (mg/dl) 

Serum uric acid 5.7 5.4 NS 6.7 6.0 «0.01 
(mg/dl) 

1 hour serum 172.1 146.4 NS 177.4 160.9 NS 
glucose (mg/ 
di) 

Systolic blood 153.3 133.0 «0.01 145.2 132.7 «0.01 
pressure (mm 
Ha) 

Diastolic blood 92.6 83.1 «0.01 89.0 81.9 «0.01 
pressure (mm 


Hg) 

Pulse pressure 60.4 49.2 <0.01 56.2 50.8 <0.05 
(mm Hg) 

Hematocrit (%) 41.9 43.1 NS 46.2 450 NS 


Total calories/ 2159 2180 NS 2030 2289 <0.05 
24 hours 





Values based on 47 cases in 7,705 men observed for 2 years in 
Hawaii and 22 cases in 1,963 men observed for approximately (see 
text) 5 years in Japan. 

Significance test results by Student's t test. 

CHD ^7 coronary heart disease; NS = not significant; P = probability. 


* |n Reference 1 incidence estimates were based on the experience 
of 2,096 men including 133 born after 1919 who entered the eligible 
age range during the 6 year duration of the study. Because the latter 
small group included no incidence cases, the effect of its omission from 
the present analysis is minimal. 
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heart disease, death certificates, histories of terminal illness 
and autopsy protocols from all autopsy cases were reviewed 
by one of us (T.L.R.). The methods and criteria used for 
identifying men with definite coronary heart disease have been 
reported. !4 

Processing of the data from the three 2 year periods of risk 
in Japan in a manner comparable to the single 2 year period 
in Hawaii resulted in the identification of 16 men in whom 


coronary heart disease developed as compared with 47 men 


in Hawaii.! To obtain a larger number for evaluation of risk 
characteristics in Japan, the surviving men were considered 
at risk for up to 6 years after the initial examination regardless 
of their attendance at biennial follow-up examination but not 
beyond an attained age of 70 years. With this 6 year follow-up 
method, a total of 22 men with disease were identified. Be- 
cause this longer period of follow-up results in an overstate- 
ment of the incidence in Japan relative to Hawaii, an adjust- 
ment was made to constrain the incidence rate with the 22 
men to the level observed with the 16 men in the estimates 
made by the Walker-Duncan method (see later). 

Possible risk factors measured: Several variables with 
a suspected relation to coronary heart disease were measured 
at the initial examination.!? Quality control studies indicated 
good interlaboratory agreement for serum cholesterol, casual 
serum triglycerides, 1 hour serum glucose (post 50 g load) and 
serum uric acid determinations.!! Blood pressure measure- 
ments were obtained from the left arm of subjects who were 
seated and relaxed; the onset and disappearance of Korotkoff 
sounds (phases I and V) were used to determine systolic and 
diastolic pressures, respectively.!? Standards for relative 
weight were developed from a special study in Honolulu?!’ and 
are similar to standards independently derived by Minowa 
et al.!4 in Japan; standard, or desirable, weights by height are 


ANNUAL CHD INCIDENCE/1000 PERSON-YEARS 





NONE <11 1120  — 21« 
CIGARETTES / DAY 


SAMPLE DISTRIBUTION (%) 

JAPAN 244 7.9 56.1 11.6 

HAWAII 55.8 25 25.1 16.6 
FIGURE 1. Smoking and risk of coronary heart disease (CHD). Age 
adjusted incidence, standardized to the Hawaii sample, of coronary hear 
disease (myocardial infarction or death from coronary heart disease 
according to cigarette smoking status at the initial examination in Japai 
and in Hawaii. Nonsmokers (NONE) include exsmokers. Significanct 
tests indicate whether slopes differ significantly from zero. N.S. = nc 
significant; P = probability. 
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approximately 2.3 kg less than those derived from the Met- 
ropolitan Life Insurance Company tables of desirable weights 
for Caucasians.!? Caloric consumption was estimated from 24 
hour recall of food intake.!^ Current cigarette smoking habit 
was determined by interview at the control examination.‘ 


Results 


Risk factors: Several characteristics were considered 
to explain the difference in coronary heart disease risk 
between the men resident in Japan and in Hawaii. With 
the notable exception of blood pressure, mean levels of 
most risk factors were significantly higher in Hawaii.!? 
Table I shows the mean values of selected characteris- 
tics observed at the first examination in those who 
subsequently had coronary heart disease and in the 
others. Men with coronary heart disease in one or both 
cohorts had significantly higher values for weight, rel- 
ative welght, subscapular skinfold thickness, serum 
cholesterol, serum triglycerides, serum uric acid, systolic 
blood pressure, diastolic blood pressure and pulse 
pressure. The mean caloric intake was significantly less 
in the men who had coronary heart disease in Hawaii. 

An increasing incidence of coronary heart disease 
with the number of cigarettes smoked per day was 
highly significant in Hawaii but not in Japan (Fig. 1). 
The reason for this difference is not obvious. A greater 
- proportion of men in Japan were smokers but fewer 
were heavy smokers (Fig. 1). The increasing incidence 
of coronary heart disease at increasing levels of systolic 
blood pressure (Fig. 2), serum cholesterol (Fig. 3) and 
relative weight (Fig. 4) appears comparable in Japan 
and Hawaii, although the trend with relative weight in 
Japan is irregular, probably because of the small num- 
ber of obese men in that cohort; in a separate univariate 
analysis restricted to men aged 45 to 64 years, the inci- 
dence correlated significantly with relative weight in 
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«180 180-219 222249 250+ 
SERUM CHOLESTEROL mg/dl 
SAMPLE DISTRIBUTION (%) 
JAPAN 51.1 34.0 9.9 5.0 
HAWAII 14.0 40.1 27.7 18.2 


FIGURE 3. Serum cholesterol and risk of coronary heart disease (CHD). 
See legend to Figure 1. 
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each cohort. Higher rates of coronary heart disease were 
also observed at higher levels of diastolic blood pressure, 
pulse pressure, serum triglycerides, serum 1 hour glu- 
cose, serum uric acid, subscapular skinfold thickness 
and hematocrit. 

Independent relations of risk factors with inci- 
dence: Because some of the variables under consider- 
ation are mutually correlated, multiple regression 
aralysis was used to identify the variables with inde- 
pendent relations. Independent relations with incidence 
were observed for systolic blood pressure, serum cho- 


HAWAII 
P< 01 


JAPAN 
P<.01 
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< 140 
SYSTOLIC BLOOD PRESSURE mmHg 


140-159 160 + 

SAMPLE DISTRIBUTION (%) 

JAPAN 61.2 220 16.8 

HAWAII 65.0 23.2 11.8 
FIGURE 2. Systolic blood pressure and risk of coronary heart disease 
(CHD). See legend to Figure 1. 


6 JAPAN 
N.S. 
5 
HAWAII 
4 P<.01 


ANNUAL CHD INCIDENCE/1000 PERSON-YEARS 





<110 110-119 120-139 140+ 
RELATIVE WEIGHT (%) 
SAMPLE DISTRIBUTION (%) 
JAPAN 744 14.8 9.3 1.5 
HAWAII 38.9 25.9 30.4 4.8 


FIGURE 4. Relative weight and risk of coronary heart disease (CHD). 
See legend to Figure 1. 


246  * February 1977 The American Journal of CARDIOLOGY Volume 39 







a 


K »" 


- lesterol, relative weight, smoking and age in one or both 


cohorts. The ratio of caloric intake to body weight 
(calories/weight) was also independently related to 
coronary heart disease in Hawaii; however, the physi- 
ologic significance of this index is uncertain with the 


- data used here. Further consideration is reserved for 


future analysis. After the influence of these variables 


. was accounted for, no significant additional contribu- 


tion to the explanation of the incidence of coronary 


heart disease was obtained with values for diastolic 


blood pressure, casual serum triglycerides, 1 hour serum 


glucose, serum uric acid or subscapular skinfold thick- 


ness in either Japan or Hawaii. ! 

Multiple logistic function analysis: To estimate 
the extent to which differences in the levels of risk fac- 
tors might account for the Hawaii-Japan difference in 
incidence, multiple logistic function analyses were 
performed for the men aged 45 to 64 years using the 
method of Walker and Duncan.!9 Risk factors chosen 


as independent variables for these functions were those 
identified by the multiple regression procedure from the 


data from Japan and from Hawaii. Table II shows the 
standardized coefficients for these variables in the two 
areas. The coefficients for systolic blood pressure, serum 
cholesterol, relative weight and age had approximately 
the same rank order in each site and did not differ sig- 


- nificantly between cohorts. That is, the gradient of risk 


associated with these variables was similar in Japan and 
Hawaii even though the levels of serum cholesterol 


and of relative weight were substantially higher in Ha- 


waii (Table I). Cigarette smoking, an exception, ap- 
peared as the most significant risk factor in Hawaii but 
was unrelated to the incidence of coronary heart disease 


- jn Japan. This discrepancy in coefficients approached 


statistical significance (P = 0.07). 
At the levels of the four common risk factors (serum 
cholesterol, systolic blood pressure, relative weight and 


TABLE II 


Standardized Multivariate Logistic Function Coefficients* 
for Risk of Coronary Heart Disease in Japan and in Hawaii: 
Men Aged 45 to 64 Years 


sae ey i a yee Sf ND HE Dec E PE EL ML 


Test for 
Standardized Coefficientst ^ Difference 
Ted e er Between 
Risk Factors Japan Hawaii Cohorts* 
RAG MET NN ha an ELS 1:282 2T AN RIS EIR Ss Ee E 
Age (yr) 0.547! 0.3404 NS 
Systolic blood 0.4651! 0.4324 NS 
pressure (mm Hg) | 
Serum cholesterol 0.410! 0.318% NS 
(mg/dl) 
Relative weight (%) 0.270 0.109! NS 
Cigarette smoking 0.009 0.6264 8 


WROT ee C—O ae 


* Calculated by maximal likelihood (Walker-Duncan) method.'^ 

t Coefficient times standard deviation of independent variable. 

t Two-sided test for significance of difference in absolute coeffi- 
cients between cohorts. 

The magnitude of the standardized coefficients indicates the rank 
order in each cohort of the strength of association between the risk 
factors and subsequent incidence of myocardial infarction and death 


- from coronary heart disease. 


Tests of significance are one-sided. 
NS = not significant. j 
80.05 < P < 0.1; 10.01 <P < 0.05; f P < 0.01. 
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function for Japan estimated 47.5 coronary heart dis- 
ease cases compared with 43 actually observed. This 
difference was not significant. The confidence intervals 
around the estimate were large, and re-examination 
with a larger person-years experience will be necessary 
for confirmation. NL. 
Role of obesity: Relative weight and subscapular 
skinfold thickness were compared as indexes of obesity. 
They were substantially correlated; correlation coeffi- 
cients exceeded 0.7 in each cohort. Although either 
variable predicted coronary heart disease about as well 
as the other in multiple regression analysis, relative 
weight was preferred because its measurement is more 
reproducible. ue 
Low order correlations (correlation coefficients ol 
approximately 0.2) were found between relative weight 
and systolic blood pressure and between relative weight 
and serum cholesterol. Independence of relation of these 
variables to the incidence of coronary heart disease was 
evaluated by multivariate analysis (Table II) and car 
be further illustrated by cross classification (three-way 
analyses). The relative risk at relative weights below 11€ 
percent and at 110 percent and above in those with low 
and high systolic blood pressure is shown in Figure 5 
A similar analysis with respect to serum cholesterol i: 
shown in Figure 6. In Hawaii there is excess risk with : 
high value for relative weight regardless of systolic blooc 
pressure or serum cholesterol level. The excess risl 
observed at relative weights above 110 percent is sig 
nificant and is additive with respect to the risk associ 
ated with increased systolic blood pressure and, sepa 
rately, with respect to the risk associated with increase 
serum cholesterol. Such conclusions are less clear fron 
the data in Japan, but this may be due to the smal 
number of men who were obese or hypercholesterolemic 
Only 1.5 percent of men in Japan exceeded a relativ 
weight of 140 percent compared with 4.8 percent of me 
in Hawaii. Serum cholesterol greater than 250 mg/dl wa 
seen in 4.5 percent of men in Japan compared with 18. 
percent of men in Hawaii. die 


RELATIVE RISK 









SBP <160 160+ <160 160+ mmHg 
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RW <110 110 + Goi A 
FIGURE 5. Relative risk of coronary heart disease (myocardial infarctic 
or death from coronary heart disease), after age adjustment, at low ar 
high levels of systolic blood pressure (SBP) and relative body weigl 


t 


_ (RW) in Japan and in Hawaii. 
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0 
CHOL <200 200+ <200 200+ mg/dl 


e. RW «110 110 + 96 

_ FIGURE 6. Relative risk of coronary heart disease (myocardial infarction 

. or death from coronary heart disease), after age adjustment, at low and 
high levels of serum cholesterol (CHOL) and relative body weight (RW) 

— in Japan and in Hawaii. (Cholesterol values were not available for three 

. cases in Japan.) 


bel 
M. 


EU me 
sae 


2 n 


. Significance of cigarette smoking: The highly 
significant role of cigarette smoking in Hawaii was 
confirmed in multivariate analysis (Table II); this 
contrasted with the apparent absence of association in 
Japan. Given that the distributions of other risk factors 
differ between the two cohorts, explanation for the 
difference in the smoking effect was sought in interac- 
tions between risk factors. Table III shows the risk of 
coronary heart disease at low (less than 200 mg/dl) and 
at high (200 or more mg/dl) levels of serum cholesterol 
. in men smoking 10 or more cigarettes/day compared 
`. with men smoking less (including nonsmokers and 
ea exsmokers). In Hawaii, the risk was greater in heavier 
/ smokers at each cholesterol level and signficantly so at 


jt high serum cholesterol levels. At the high level of serum 
er cholesterol, smoking added more to the risk of coronary 
- . heart disease than at the low level, but in a formal test 
— of interaction P was approximately 0.1. Three-way 
_ analyses of risk with smoking and systolic blood pres- 


o^ 


. sure and with smoking and subscapular skinfold 
— thickness were consistent with independence and ad- 
. ditivity of the effects of these factors in Hawaii. No 
- relation with smoking was found in Japan. 

Es | 

Bes RA Discussion 


3 r^" tU i 
tai aca 


ig see 
- 





P Systolic blood pressure, serum cholesterol, rel- 
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 ative weight and age: The risk of coronary heart dis- 
. ease in cohorts of Japanese men in Japan and Hawaii 
. increased with increasing levels of systolic blood pres- 


t= 


- sure, serum cholesterol, relative weight and age. After 
these four factors were accounted for, other risk factors 
were not independently related to the incidence of 
coronary heart disease in both samples of men. Since the 
levels of serum cholesterol and relative weight were 
significantly higher in Hawaii, it seemed reasonable to 
estimate the extent to which the higher risk profile 
. could account for the greater incidence of disease there. 
_ A risk function for men in Japan, based on the four 

common variables, predicted the number of incidence 
— cases in the Hawaii sample rather well. However, other 
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TABLE Ill 


Incidence of Coronary Heart Disease at Low and High 
Levels of Serum Cholesterol and Cigarette Smoking 





Serum Cholesterol 





«200 mg/dl 200+ mg/dl 





0-9 Cig.* 10+Cig. 0-9 Cig.” 10+ Cig. 
era oe ES NE BREE Wei aS DA 5 a a aS RU eS 
Japan 


Observed cases 4 5 4 6 
Expected casest 5.0 9.2 2.1 3.6 
Observed /expected 0.81 0.54 1.94 1.65 
Relative risk 1.0 0.67 2.40 2.04 
Number of subjects 405 867 170 340 
Hawaii 

Observed cases 3 6 10 27 
Expected casest 8.5 6.5 19.0 12.4 
Observed/expected 0.35 0.92 0.53 2.18 
Relative risk 1.0 2.63 1.51 6.23 
Number of subjects 1342 1061 3089 2117 


vr usc Lr Merge: a PN V COIT. calde ORDRE T ORE DNE: ee 1. 
Test for interaction between smoking and cholesterol is suggestive 
in Hawaii (P = 0.10) but not in Japan by Cochran-Mantel-Haenszel 
method with linear decomposition of chi-square.!? (A variable was 
unavailable for three cases in Japan and one case in Hawaii.) 


; *Includes nonsmokers and exsmokers; 'expected cases adjusted 
Or age. 


Cig. = cigarettes smoked per day as reported at initial examination. 


considerations suggest that the difference in incidence 
may require a more complex explanation. 

Cigarette smoking: This was a strong risk factor in 
Hawaii and was additive to, or possibly potentiated by, 
the risk with serum cholesterol. Smoking was not a 
significant risk factor in Japan. It was therefore sur- 
prising that the observed incidence in Hawaii did not 
exceed that predicted by the four variable risk function 
for men in Japan because this function did not include 
a factor for smoking effect. 

Cigarette smoking may be less important as a coro- 
nary heart disease risk factor in men with low levels of 
serum cholesterol. This would be consistent with the 
possible interaction in Hawaii between smoking and 
cholesterol and with the lack of detectable risk associ- 
ated with smoking in Japan where few men were both 
hypercholesterolemic and heavy smokers. Absence of 
significant excess risk with smoking has been found in 
other studies of men with low serum cholesterol levels 
in Japan,!*!? Europe? and Puerto Rico.?! These neg- 
ative findings are, as in our data, generally found in data 
series with few cases. Additionally, the difference in risk 
attributable to current cigarette smoking between the 
cohorts in Japan and Hawaii could be due to more 
subtle differences in tobacco use.?? Analysis with a 
larger series of cases will be necessary before more firm 
conclusions can be reached. 

Serum cholesterol versus relative weight and 
diet: Serum cholesterol was correlated with relative 
weight in these men.!^ Thus it is reasonable to infer that 
higher serum cholesterol levels in Hawaii are due in part 
to the average relative weight, which was 12 percent 
greater than in Japan. The excess risk with increased 
relative weight, however, is only partially explained by 


. 248  *February 1977 The American Journal of CARDIOLOGY Volume 39 





mutual correlations with other risk factors. There is also 
a substantial difference in diet in these two areas; on 
average, 23 percent of calories were consumed as satu- 
rated fat in Hawaii compared with 6.6 percent in Japan. 
Saturated fat intake was moderately correlated with 
serum cholesterol level in Japan, and only trivially in 
Hawaii.!° 

Risk factors in Japanese American men in Ha- 
waii versus indigenous Japanese men: In an inde- 
pendent study;?! the incidence of coronary heart disease 
in the Japanese men in Hawaii was significantly lower 
than predicted by a risk function for Framingham men. 
With risk functions based on the experience of Cauca- 
sian Americans, the incidence of coronarv heart disease 
was also overestimated for men resident in Europe?’ and 
for black men resident in Evans County, Georgia.” 

Incidence may be less than predicted when high risk 
characteristics are not acquired until middle age. There 
is evidence that Japanese American men in Hawaii 
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followed a more Japanese lifestyle until World War IL? 
American habits, particularly eating habits, were 
adopted later.!? Consequently, the risk profile of these 
older men may overstate the risk accrued during earliei 
decades because risk factors are less important at oldei 
age.?® It is notable that, in the comparison betweer 
Framingham and Honolulu,”! in the young Japanese 
men in Honolulu the risk of coronary heart disease wa: 
much closer to that of Framingham than was true of the 
older men. In contrast, younger men in the populatior 
sample in Japan have consistently manifested a lowe! 
incidence rate!:?’; in fact, during the 6 year period re 
ported herein, no events were observed in men aged 4 
to 49 years. 

The experience of early life may play the predomi 
nant role in determining subsequent risk of coronar) 
heart disease. Prevention may require intervention lonj 
before middle age when high risk becomes overth 
manifested. 
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jd Permanent Pacing of the Heart: 1952 to 1976 


i VICTOR PARSONNET, MD, FACC j The theory and science of electrical pacing of the heart is scarcely 2 
3 with the technical assistance of decades old, but developments in these areas have in a way revolutionized 
p. MARJORIE MANHARDT modern cardiology. This report, basically a review of the major devel- 


Newark, New Jersey opments during that time, describes the present state of the art, and calls 
E- attention to the many people who have brought us to this point. Results 
B. of a recent national survey reveal that about 156,000 patients in the United 
OR : States are living with implanted pacemakers or about 1 in every 1,300 


E persons. The rate oí new implants is 270/million each year, the highest 
i in the world. The impact of such a volume is considerable, affecting in- 


EY : dustrial growth, federal legislation and control, insurance plans and a 
AX t 

ib multitude of medical programs. New power sources, some touted to last 
S | a lifetime, will have a great impact but will not change the current state 
A M of the art materially because 30 percent or more of pacemaker operations 
ER are for problems other than routine battery exhaustion. The need for im- 


provements in other pacemaker components is emphasized. 


w 


P. In November 1952, Zoll! published an original article on resuscitation 
E of the heart with ventricular standstill by external electric stimulation, 
E es thereby leading the way to a dramatic and revolutionary period of car- 


diology. An example of the kind of information on heart block available 
that year is found in Harrison's text?: 


PC. ^ 
namie 


The treatment of the more advanced states of heart block is unsatisfactory. ... 
As a heroic emergency measure when death seems almost certain, it has been 
advocated that aqueous epinephrine be injected directly into the cardiac wall. 
. .. Success has been reported occasionally with other drugs, but in general they 
have proved disappointing and can be disregarded. 

But information did exist that served as the foundation upon which 
Zoll built his study, and much additional early and unusual work was 
rediscovered even later. I will not dwell on the long history, dating back 
to the 18th century, of efforts to stimulate the dead and dying heart 
(some as ghoulish as stimulating the heart of decapitated criminals); this 
material has been reviewed in a series of magnificent papers by 
Schechter? in the New York State Journal of Medicine and in another 
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E succinct review by Escher.* Zoll was aware of most of the pertinent earlier 
L From the Department of Surgery and the Pace- work and cited it when he wrote of his success in stimulating the heart 
.. maker Center of the Newark Beth Israel Medical across the intact chest. In his first paper in 1952 he referred to the studies 
bí dil snae Dopartmort of Surgery, the New of Callahan and Bigelow? in transvenous pacing of the atrium and the 
. Jersey Medical School, Newark, New Jersey. This : S te : 

. study was supported in part by grants from the construction of an artificial pacemaker by Hyman’; in later papers he 
-. New Jersey Regional Medical Program, Newark, cited the physiologic studies of Wiggers and Wegria.^? Before pacing 
.. New Jersey and the Essex County and New Jersey the human heart, Zoll evaluated the possibility of electrical stimulation 
. Heart Associations, East Orange, New Jersey. of the dog's heart through electrodes on the chest wall and in the 
| Address for reprints: Victor Parsonnet, MD, . . ED 
Bibetaument-af Surgery, Newark "Beth. irao, esophagus. Clearly his later success did not come about serendipitously, 
- Medical Center, 201 Lyons Avenue, Newark, New but as the result of solid groundwork, careful observation and therapeutic 
— Jersey 07112. purpose. 
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Historical Development 


The implantable pacemaker in many ways has had 
a unique development. It is both a complex device, re- 
quiring the ultimate in engineering technology, and a 
gadget that the public seems to understand easily. The 
idea of implanting an active artificial device (still the 
only truly successful active artificial “organ” yet man- 
ufactured) has captured the imagination of the press 
and the public. Scarcely a day passes without a new 
article on subjects ranging from insertion of a pace- 
maker in a sick dog to alarming flashes about pacemaker 
recalls. The pacemaker, after all, is a part of the heart, 
an organ imbued with mystical quality, still thought by 
some to be the seat of life and love and still carrying with 
it a built-in emotional impact. The public interest re- 
mains enormous, and this appeal bestows on the pace- 
maker physician a prestige that must be the source of 
envy to the skilled dermatologist or generalist. 

In the quarter of a century since Zoll’s first paper, the 
names of many persons, some scarcely heard of before, 
have become household words in the pacemaker family. 
Physicians such as Senning? in Europe and Hunter and 
his colleagues!? in the United States implanted the first 
permanent pacemakers. Seymour Furman,!! while still 
a hospital resident, demonstrated with Robinson the 
clinical feasibility of long-term transvenous pacing and 
has since made major contributions to virtually every 
aspect of pacemaking. Largergren,!*:!* in Sweden, was 
one of the first to describe permanent transvenous 
pacing of the heart. Clinicians in Europe such as Thal- 
en,!* Siddons and Sowton!? contributed much to our 
knowledge of clinical pacing and summarized the 
available information in their textbooks. Later Lev and 
Unger! and Lenegre!* identified the strange fibrotic 
pathologic processes that produced complete atrio- 
ventricular (A-V) block in patients without recognizable 
heart disease. The list of surgeons and cardiologists who 
have made important contributions to cardiac pacing 


TABLE II 


Contributions to Cardiac Pacing: Surgeons 





Surgeon and 


Reference Field Year 
Furman’? Long-term transvenous pacing 1958 
Senning’ First transthoracic pacing 1959 
Hunter? First myocardial electrode 1959 
Stephenson?? Atrial pacing 1959 
Chardack?? Ear!y transthoracic pacing 1959 
Glenn?! Radiofrequency pacing 1959 
Lillehei?? Ear!y transthoracic pacing 1960 
Frank (and Zoll) ? Early transthoracic pacing 1960 
Kantrowitz** G.E. pacemaker 1962 
Largergren '? Permanent transvenous pacing 1962 
Siddons*? Ear!y pacing 1963 


Center (and Nathan)^*?" ^ Transvenous and synchronous 1963 


atrial (VAT) pacing 


Mansfield** Electromagnetic interference 1966 
and electrodes 

Goetz^? “Demand” pacing 1966 

Smyth*? Transvenous and atrial pacing 1969 

Laurens (and Morrow Nuclear generator 1971 


et al. in USA)55*? 
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TABLE I 
Contributions to Cardiac Pacing: Cardiologists 








Cardiologist 

and Reference Field Yeat 
Zoll et al." Cardioversion 195t 
Lown’? Cardioversion 195; 
Hoffman and Cranefield??  Electrophysiology 196( 
Siddons and Sowton'? Clinical pacing (text) 196: 
James?! Anatomy of conduction system 196 
Moore?? Electrophysiology 196t 
Cammilli?* Clinical pacing (text) 196t 
Preston?* , Electrophysiology 1961 
Samet et al.^^ 7 Clinical pacing (text) 1966 
Bilitch et al.?* Competitive pacing 196: 
Thalen'* Pacer clinic (text) 196! 
Dreifus et al.?? Pacing electrophysiology 196! 
Ferrer?? Clinical cardiology 196! 

(sick sinus syndrome) 

Harthorne et al.” Clinical pacing 196! 
Castellanos and Lemberg?? Clinical pacing electrophysiology 196! 
Damato et al.?? His electrograms 196! 
Rosenbaum et al.** Hemiblocks (text) 197! 
Barold and Keller? Pacer arrhythmias 1971 
Zipes?* Electrophysiology 197 
Surawicz Electrophysiology 197 
Büchner et al. ^? Ciinical pacing (text) 197 





is long and impressive. The names of some of them are 
listed in Tables I and II.!5-?! 

I would be remiss were I to neglect to mention ow 
engineering colleagues, such as Belgard*? and Great. 
batch, who designed the earliest external and im: 
plantable pacemakers, and Keller," who developec 
synchronous pacing. And there were many others, somt 
of whose names and accomplishments are listed ir 
Table III.52-967 Surely I have omitted some, especially 
many from overseas, who I hope will forgive me. Bui 
omissions are difficult to avoid because almost ever) 
cardiologist with an inclination to write has made somi 


TABLE Ill 


Contributions to Cardiac Pacing: Engineers 





Engineer and 





Reference Field Year 
Belgard*? External and internal pace- 1954 
makers 
Greatbatch (and Electronics; batteries 1959 
Zoll et al.) 9,5? 
Davies**.5* Devices 1962 
Enger** Biologic energy 1963 
Myers*?,5* Biologic energy; text 1963; 19€ 
Keller?’ Synchronous atrial (VAT) and 1964 
triggered ventricular (VVT) 
pacing 
Cheatham?? Electronic design 1965 
Schaldach ^ Electronics (Biotronik Co.) 1966 
Berkovits®’ Double chamber ventricular 1969 
inhibited (DVI) pacing 
Parker? Electromagnetic interference 1969 
Leeć? Electronic design 1969 
Purdy™ Nuclear 1969 
Hursen and Kolenik$? Nuclear 1969 
Tarjan$* External programming 1972 
Bowers? Threshold tracking 1973 
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-published contribution. In fact, our recent national 
E survey shows that a third of physicians inserting pace- 


= 


_ makers have published articles on pacing.9? 
~ An entire new industry has sprung up since 1960. 
_ From one or two groups of engineers working in base- 
ment shops grew full-fledged businesses devoted almost 
- exclusively to manufacturing pacemakers. It is a vital 
_ industry that has thrived despite internal and external 
-.. vicissitudes. To my knowledge, only three pacemaker 
. manufacturers in the United States have left the 
... marketplace; the others continue to show steady and at 
. times spectacular growth. The annual product of one 
. such company now exceeds $100 million. In many Ways 
it is a unique industry, because most of the companies 
. confine their efforts entirely to pacemakers and pace- 
.. maker accessories, with only a secondary interest in 
- other devices such as monitors, catheters and valves. 
3 Together, physicians, engineers and manufacturers 
. combine to form a large international club (closely 
. watched by the Food and Drug Administration and 
5 consumer advocates). There are professional associa- 
_ tions, national and international pacemaker societies, 
^ - clubs and journals.®? Many of the physicians and engi- 
-neers have become colleagues who maintain close and 
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International Pacemaker Conference was held in Tokyo 
_ where the pacing community discussed common prob- 
. lems and interests. 
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` continuing friendships. In 1976, for example, the Fifth 
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X 1 FIGURE 1. Drawing of various types of endocardial electrodes that have 
.. been used in transvenous pacing of the heart. 
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Newer Technology | 

When Zoll began his pioneering work, his instruments 
were simple and the indications strictly limited. At that 
time implantation of a pacemaker was performed 
through a thoracotomy, and pacing wires were sewn 
directly into the myocardium. Even after permanent 
transvenous pacing became the operative technique of 
choice, surgeons stayed right in there, just to make the 
incision! Today the variety of indications, techniques, 
devices and gadgets is almost bewildering. The heart 
may be paced from either surface, the epicardium or 
endocardium, or with electrodes sewn into the muscle. 
It may be approached through veins, through the su- 
perior mediastinum, through various direct transperi- 
cardial incisions, from below and across the diaphragm 
or through either thoracic cavity. Electrodes may be 
attached to these surfaces by suture or by self-affixing 
hooks, barbs and screws (Fig. 1). 

The electrode is connected by various types of wire 
to the pulse generator that may receive its power from 
a growing variety of sources. The power source of the 
first decade, the RM-1 mercury-zinc cell, has been re- 
placed by a new generation of mercury-zinc cells, solid 
state lithium batteries and, of course, the nuclear gen- 
erators and rechargeable nickel-cadmium cells, some 
touted to last a lifetime. 

Pulse generators produce electrical impulses that may 
be monophasic or biphasic, with wave shapes that may 
be described as square, current-limited, trapezoidal, 
exponential or ramp-like (Fig. 2). The most effective 
wave form is not yet known. The impulse may be con- 
tinuous (or asynchronous), or may be influenced by 
spontaneous cardiac activity through a built-in sensing 
circuit. The impulse may be locked on to the cardiac P 
wave for synchronous atrial pacing (VAT), to the R 
wave for triggered ventricular pacing (VVT) or inhibited 
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FIGURE 2. Diagram of the shapes of electrical pacemaker impulses 
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by cardiac activity for pacing of the demand type 
(VVD.79 

There is a growing recognition that some type of ex- 
ternal programmability of a pacemaker is a desirable 
attribute. Implanted pacemakers may now be made to 
change rate, and the intensity of the output impulse 
may be varied. External pacemakers have even greater 
variability and, presumably with the advent of inte- 
grated monolithic circuits, any of these modes can be 
incorporated into an implantable unit. A pulse gener- 
ator may be programmed to fire in pairs, couples, trip- 
lets and bursts, and it can be made to turn itself on and 
off, all this in the hope of adapting pacemaker function 
to unusual and difficult arrhythmias or to enhance 
myocardial dynamics. More sophisticated pacemakers 
will not only manage arrhythmias, but will adjust the 
output to the threshold of the heart, adjust the escape 
interval to the previous coupling interval and detect the 
onset of ventricular fibrillation and automatically de- 
fibrillate. 


Present Indications and Prevalence of 
Pacemakers 


Although symptomatic bradycardia still remains the 
main reason to implant a pacemaker, there is a growing 
list of new indications. These include the management 
of tachyarrhythmias and the enhancement of cardiac 
output. The number of patients treated by permanent 
pacing is almost incredible. Cardiologists of an earlier 
vintage probably saw no more than 10 or 20 cases of 
complete heart block in a lifetime, but now some sur- 
geons treat that many in their first year of operative 
experience. During the past 16 years our group has 
treated almost 1,500 patients. 

- In the Index Medicus in 1951 there were 103 refer- 
ences to heart block; in 1974 there were almost 600. I 
have collected references to more than 3,300 articles on 
pacing, even though I have made no effort to collect all 
of the available material. National surveys in 1969, 1972 
and 1975 on the status of pacing in this country show 
that as of 1975 approximately 260,000 patients have 
been treated with pacemakers; of those, about 156,000 
(60 percent) are living (Fig. 3).55797! In New Jersey 
alone, where a thorough canvass was possible, we found 
1 patient with a pacemaker for every 5,000 persons in 
1969; this ratio is now 1 in 1,300 and, given the present 
rate of growth, will be 1 in 1,000 within 1 or 2 years. 
Continued extrapolation at this rate of growth would 
seem to indicate that by the year 2,000 every one of us 
will be wearing a pacemaker. 

In New Jersey 38 pacemaker physicians (or physician 
groups) implant pacemakers in 68 of the state's 129 
hospitals. Almost all of these physicians are thoracic or 
general surgeons; only three are cardiologists or cathe- 
terization specialists.9? Most of the teams treated 25 to 
100 new pacemaker patients a year; only 2 treated as few 
as 4 or 5 new patients; one group treated more than 120. 
Another team of four physicians working in 10 hospitals 
inserted almost 350 new pacemakers in 1975. Extrapo- 
lating to the national population, one can estimate that 
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TOTAL PATIENTS LIVING = 156,000 


FIGURE 3. Number of patients with pacemakers in New Jersey as de 
termined by three statewide surveys. (Extrapolation of data to entir 
country shown at bottom.) 


there are 1,187 physicians putting in 57,000 pacemaker 
in 2,000 centers, and that the rate of pacemaker in 
plantations is 270/million persons per year. (That suc 
an extrapolation is justifiable is corroborated in part b 
estimates from the manufacturers, and by replies to th 
survey from 214 centers outside New Jersey.) 

The impact of this growth on industry is obviou 
approximately 105,000 pulse generators are sold in tk 
United States alone each year. Thus almost 9,0€ 
pacemakers costing an average of $1,500 each, are prc 
duced per month. This translates to $162 million at 
nually, exclusive of the foreign market, and does mn 
include pacemaker accessories, monitors and survei 
lance systems. 

Since 1959 a total of 14 different American manti 
facturers have marketed 174 different pacemaki 
models, of which approximately 100 have been used : 
our pacemaker center. Twelve companies are now a 
tive, and 44 different pulse generator models are on tl 
market. In 1975, Medtronic and Cordis combined so 
approximately 76 percent of pacemakers.®* The pr 
mature failure rate of most modern pacemakers is le: 
than 2 percent a year and, for some models—for e 
ample, the nuclear and lithium pacemakers—the ra 
of random failures has been as low as 0.3 percent 
year. Few companies that manufacture devices | 
machines of any type, no matter how simple, can boa 
of records such as these. 


Pacemaker Surveillance Systems 


To manage and follow up the growing number 
patients dependent upon the pacemaker for comfor 
able and secure living, surveillance systems have bet 
developed that range from in-hospital clinic visits whe 
detailed wave form analysis is performed, to transtel 
phone transmission of the pulse generator rate ar 
electrocardiographic rhythm strips. Ninety percent 
the pacemaker centers in the country report that thi 
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ie an organized pacemaker surveillance system, a 
considerable change from 1973 when only 50 percent of 
. hospitals had follow-up systems.®*:7.7! This means that 
patients can receive proper advice and reassurance 
. about the management of their pacemakers, as well as 
adequate medical follow-up, and that they will be in- 
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formed of any potential pacemaker difficulties before 
clinical problems become manifest. 


Accomplishments and Problems 


So far I have discussed what the development of the 
implantable pacemaker has done for the professionals, 
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erator replacement at the Newark 
Beth Israel Medical Center from 
1971 to 1975, classified by year (all 
causes; 669 cases). The increase 
in percent of component failure was 
related to only one model of pace- 
maker, used frequently at this ine 
stitution. MISC. — miscellaneous. 


11% 


71-7273 74 75 Tl-7273 74 75 71-7273 74 75 7.i-72 73 74 75 7T-72 73 74 75 
|l— BATTERY I*— CHOICE —+| COMPONENT .. WIRE I*— MISC. ——-l 
FAILURE - FAILURE FAILURE —] 


the industry and the associated agencies, but none of 
this would have occurred without the obvious truth, 

requiring no random samples or control series, that 
pacemakers alleviate symptoms and improve prognosis. 
Before the present era complete heart block was asso- 
ciated with a mortality rate of 50 percent in 1 year and 
of 90 percent in five years?? (Fig. 4). With the advent of 
the pacemaker age, Stokes-Adams seizures were abol- 
ished, and the quality of life reverted to near normal, 
save for the inconvenience of pacemaker surveillance 
and relatively simple reoperations. 

All this is not to say that pacemaker implantation is 
free of problems. Figures 5 and 6, for example, list rea- 
sons for pulse generator replacement over a 5 year pe- 
riod. More than 70 percent of the units were replaced 
for battery failure or by choice of the physician or pa- 
tient. Even if our batteries had been “perfect,” and 
made to last a lifetime, 30 percent of patients would 
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have required a second operation within 3 or 4 years fo 
the various reasons listed. Elimination of these residua 
problems presents a clear and obvious challenge. 


Future Outlook 


Finally, if I may, a prediction for the next decade 
With few exceptions, pacemakers will be implante! 
transvenously. They will be encapsulated in metal anı 
will be the size of a wristwatch. They will contain bat 
teries made to last a full lifetime. We will be able to alte 
all aspects of pacemaker function by simply pressing th 
control button of a small external programmer to b 
found in every emergency room and clinic; among th 
control settings will be a system for assessing accuratel 
the pacemaker’s major functions. Replacement of th 
pacemaker will be a rare occurrence because wires Wi. 
not break and infections will not occur. It is not hard t 
see that the future will be bright. 
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Statistical Considerations in the Analysis and 


Reporting of Time-Related Events 


Application to Analysis of Prosthetic Valve-Related Thromboembolism 


And Pacemaker Failure 


GARY L. GRUNKEMEIER, PhD 
DAVID R. THOMAS, PhD‘ 
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Portland and Corvallis, Oregon 


Actuarial analysis was originally developed as a means 
of estimating survival probabilities in a time-related 
manner. The applicability of this method to events 
other than death is straightforward, with the event in 
question being substituted for the event “death.” t The 
actuarial method is distribution-free because no curve 
or family of curves is prespecified; rather, the data are 
allowed to determine the curve. If there are theoretical 
or empirical reasons for suspecting the data to be from 
a particular distribution (for example, linear or expo- 
nential) then the best fitting curve within this corre- 
sponding family of curves can be selected. The selection 
procedure consists of specifying one or more parameters 
according to certain criteria. A familiar example is the 
fitting of a straight line (linear regression), where two 
parameters (the slope and the vertical intercept) are 
estimated. 


The Exponential Distribution 


For survival or event-free analysis, specifying the 
distribution is equivalent to specifying the risk or rate 
of occurrence of the event as a function of time. One 
assumption that can be made to specify the nature of 
this risk is that it is constant throughout the entire pe- 
riod; that is, the events in question occur at random, are 
equally likely at any given moment. This assumption 
implies an exponential event-free curve: the survival 


From the Division of Cardiopulmonary Surgery, University of Oregon 
Health Sciences Center, Portland, Oregon* and the Department of 
Statistics, Oregon State University, Corvallis, Oregon.’ This work was 
supported in part by Grant HL 16461 from the U. S. Public Health Ser- 
vice, Bethesda, Maryland. 

Address for reprints: Gary L. Grunkemeier, PhD, Division of Cardio- 
pulmonary Surgery, University of Oregon Health Sciences Center, 3181 
S.W. Sam Jackson Park Road, Portland, Oregon 97201. 


probability at any time t is given by e~ ®t, where e is th 
exponential constant (722.718...) and R is the instan 
taneous risk or rate of occurrence. For a given series thi 
risk can then be estimated as R = E/T, where E is th 
total number of such events that have occurred in th 
series and T is the combined total follow-up accountet 
for by all members of the series as of the study date 
whether or not they have had the event.? This risk i 
often expressed as a percentage per unit period o 
time. 

Thus we are led to a statistic that is commonly use: 
to summarize the incidence of time-related event: 
however, we have arrived at it through a statistica 
model based on theoretical considerations. A simpl 
empirical verification of the appropriateness of thi 
constant risk model may be made by comparing th 
event-free rates calculated by the actuarial method wit! 
the exponential event-free curve fitted to the data (Fig 
1). 


Additional Statistics 


1. Precision of estimate: The standard error (SE) c 
R can be estimated as SE(R) = V E/T. Approximat 
95 percent confidence intervals can be given as R - 


2SE. 
2. Comparison of estimates: The standard error fo 


the difference between rates R; = E/T; and Rə = E/T 
computed from two series is: SE (R; — Rə) = 
V E;/T;? + E/T. Dividing (R4 SM Ro) by this standar 
error provides a test of significance based on tabulate: 
values of the normal! distribution. 

3. Mean and median lifetime: The mean expectet: 
lifetime (or event-free time) L can be estimated as L = 
T/E, with SE(L) = T/VE. This statistic cannot be es 
timated using a nonparametric approach until th 
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E. 151 Model 6310/20 Valves (e) 75 Model 6120 Valves (A) 
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E FIGURE 1. The symbols represent the percent of embolus-free valves, 
Set determined by actuarial analysis, and the solid lines the exponential 
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— . fits. The noncloth-covered model 6120 valves (triangles) had a total 
. of 28 emboli during a follow-up period of 461 years. The instantaneous 
risk (+ standard error) is 6.1 +1.1 percent per year. The cloth-covered 
model 6310/20 valves (circles) had 17 embolic events during 559 years 
-. of follow-up for an instantaneous risk of 3.0 + 0.7 percent per year. 
. These two rates are significantly different (P < 0.025) on the basis of 
. the test of significance described in the text. 
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-survival curve has fallen to zero percent. The median 
_ expected event-free time in (In 2)L. 

. Examples 

~ Thromboembolism in patients with mitral valve 
_ prosthesis: We recently reviewed our experience with 
i two series of Starr-Edwards mitral valve prostheses, 


bo. cloth- covered versus noncloth-covered, in patients re- 
by e ceiving anticoagulant therapy.’ The results for throm- 
- boembolism are shown in Figure 1. It has been thought 
Be - that the risk of these events was not constant but was 
—— greater in the initial postoperative period. This would 
E imply event-free curves that fall steeply and then flat- 
P ten. However, the curves in Figure 1 do not bear out this 
E view. Because there is good agreement between the 
5B. actuarial embolus-free percentages (symbols) and the 
E exponential curves fitted to the observed data (solid 
di lines) for these two valve models, the instantaneous risk 
d -can be used to summarize the data. The difference be- 
— tween the performance of these two series is quite ap- 
f - parent and is substantiated by the test of significance, 
^. which yields a significant difference. 
Incidence of pacemaker failures: These can be 
. considered to be of two types: battery depletion and 
Erentature failure of some electrical component of the 
ro. pulse generator, including the battery itself. Full-term 
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E. battery depletion is age-related, but premature failures 
E are considered by most manufacturers to be age-inde- 
E: pendent or random. Our experience consists of two se- 
E" ries of pacemakers manufactured by Edwards Pace- 
d maker Systems. Experience with model 8114/8114A was 
_ 1. Anderson RP, Bonchek LI, Grunkemeier GL, et al: The analysis and 
` — presentation of surgical results by actuarial methods. J Surg Res 
Nh 16:224-230, 1974 


. 2. Cox DR, Lewis PA: The Statistical Analysis of Series of Events. New 
York, John Wiley, 1966, Section 2.3 
. 9. Starr A, Grunkemeier GL, Lambert LE, et al: Mitral valve replace- 
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recently reviewed.* The series consisted of 451 pace- 
makers with a total follow-up time of 6,845 months 
(mean 15.2 months). Thirty-five premature failures had 
occurred in this series for an instantaneous risk value 
(+ standard error) of 0.51 (+0.09) percent per month. 
During the past 2 years this model has been replaced by 
the hermetically sealed model 8116. Our early experi- 
ence consists of 254 units with a total follow-up time of 
1,531 months (mean 6.0 months). Two premature fail- 
ures have occurred, for an instantaneous risk value of 
0.13 (+0.09) percent per month. These two values are 
significantly different (P < 0.005) when examined with 
the test of significance described. 


Advantages of Exponential Distribution Versus 
Actuarial Methods 


Actuarial methods are appropriate for describing the 
time relation of nonrecurrent events such as death. 
They can also be used for recurrent events such as 
thromboembolism although only the first event in each 
patiemt is usually considered.! For recurrent events, 
various time-related statistics are used to include all the 
events. For example, emboli per 1,000 months, emboli 
per 100 years and percent emboli per year have all been 
used. There is no standardization, and the statistics 
used are not associated with measure of precision or 
methods of comparison. A unified statistical treatment 
can be given to the handling of recurrent events that are 
assumed to have a constant rate of occurrence by ad- 
aptation of the exponential distribution model. 

Parametric methods are commonly used in many 
scientific disciplines, and many physical, social and 
biologic phenomena have been shown to fit the expo- 
nential equation. Some advantages of this approach 
over the actuarial method are: (1) The technique pro- 
vides simplicity and ease of calculation. (2) All events 
(not just initial occurrences) are utilized. (3) If the model 
chosen is correct, more accurate estimates at each point 
in time will be provided by the smooth curve, since the 
observed points themselves are subject to random 
fluctuation (especially near the end of the curve, where 
relatively few persons are at risk). (4) One parameter, 
namely, the instantaneous risk (or, equivalently, the 
mean lifetime) completely summarizes the data. (5) 
Measures of precision can be calculated for this param- 
eter, and overall comparisons between two series can be 
made (with the actuarial method, standard errors are 
calculated at given points, and there is a certain arbi- 
trariness about where such comparisons are made). (6) 
Once the parameter is determined, extrapolation be- 
yond the longest experience actually observed may be 
made, a technique that is not possible with distribu- 
tion-free methods. 
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*INDICATIONS — Based on a review of this drug by the National Academy of 
Science-National Research Council and/or other information, FDA has classi- 
fied the indication as follows: 


"Possibly" effective: For long-term therapy of chronic angina pectoris. Pro- 
longed therapy may reduce the frequency or eliminate anginal episodes, 
improve exercise tolerance, and reduce nitroglycerin requirements. The drug 
is not intended to abort the acute anginal attack. 


Final classification of the less-than-effective indications requires further 
investigation. 


CONTRAINDICATIONS — No specific contraindications are known. 


PRECAUTIONS — Since excessive doses can produce peripheral vasodila- 
tion, the drug should be used cautiously in patients with hypotension. 


ADVERSE REACTIONS — Adverse reactions are minimal and transient at 
recommended dosages. Instances of headache. dizziness, nausea, flushing. 
weakness or syncope, mild gastrointestinal distress and skin rash have 

been noted during therapy. Rare cases of what appeared to be an aggravation 
of angina pectoris have been reported, usually at the initiation of therapy. » 
On those uncommon occasions when adverse reactions have been persis- 
tent or intolerable, withdrawal of medication has been followed promptly by 
cessation of undesirable symptoms. 


DOSAGE AND ADMINISTRATION — The recommended dosage is 50 mg 

(2 tablets) three times a day, taken at least one hour before meals. In some 
cases higher doses may be necessary but a significantly increased incidence 
of side effects is associated with increased dosage. Clinical response may 

not be evident before the second or third month of continuous therapy. 


For complete details, please see the full prescribing information. 





Boehringer Ingelheim 
Boehringer Ingelheim Ltd., Elmsford, N.Y. 10523 


Illustrated: An English Queen. . created by 
L. Hewson in London in 1678. 


Despite their obvious charm, English playing 
cards were considered crude in design and 
manufacture, and were far less popular than 
those imported from France or Belgium. 
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Whats in the cards for the 
anginal patient? 


For centuries, dealing with the heart's ills has bee 
the subtlest of arts, an intricate shuffling of skill ar 
science. Even today, evaluating a drug for chroni 
angina pectoris involves the art of medicine as 
well as its science. 


During more than a decade of clinical experience 
compounding both science and art, Persantine 
has often been found useful in the long-term mat 
agement of chronic angina pectoris.* It may: 


eliminate or reduce the frequency of anginal 
attacks 





improve exercise tolerance 





reduce nitroglycerin requirements 





Give enough...long enough (recommended do: 
age: 50 mg t.i.d. atleast one hour before meals 
for 60 to 90 days or longer). 


Persantine: 


(dipyridamole) Tablets of 25 mg 


non-nitrate — . 
coronary vasodilator 


No symptoms. 

No signs. «<*> 

No complaints. 
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Early intervention — 
a rational approach to the 
management of hyperlipidemia 


Reducing elevated lipid levels is a rational therapeutic goal at any stage 
ot the ARA air process. Lipid lowering is perhaps most logical, 
MW) however, early in the course of hyperlipid- 
~~ emia, when most patients are asymptomatic.’ 





© Seemingly well, these patients are usually 
< found to be hyperlipidemic when routine 
~~ cholesterol and triglyceride determinations 
are performed as part of an overall clinical 
and laboratory workup. 


If persistent, clinically significant lipid eleva- 

tions are demonstrated — and underlying 

disease states are ruled out through history, 

, X physical examination, and appropriate labo- 

dia. ER ratory tests — a diagnosis of primary hyper- 
12553 lipidemia is confirmed. 


Dietary modification directed at correcting the specific lipid abnormality 
should be instituted as the first therapeutic step, but often fails to lower 
the lipids sufficiently. 


This is the best time to add ATROMID-S, an antilipidemic agent, to the 
regimen. Early, effective, and continuous lipid lowering is important in 
the successful management of hyperlipidemia. 


E Dh 


Routine testin for both cholesterol 
and triglycerides recommended 


The concept of early intervention is gaining acceptance in dealing with 
the nationwide epidemic of hyperlipidemia. As a result, there is a trend 
toward increased screening of both asymptomatic patients and blood 
relatives of hyperlipidemic patients. "Because history and physical exam- 
ination are limited in their ability to detect these disorders [hypercholes- 
terolemia and hypertriglyceridemia], it now appears mandatory that each 
physician screen each patient routinely for lipid abnormalities just as one 
now routinely gets a hematocrit, a urinalysis or a fasting blood sugar in the 
course of an annual physical examination."! 


Hyperlipidemia 
Atromid-S 


(clofibrate) Capsules 500 mg. 


See next page of advertisement for prescribing information. 








Hyperlipidemia — a factor you can do 
something about vou cannot change your patient's heredity. 


— m —— 
Mn f. NL “ape ad 
n b^ ! » 


primary hyperlipidemia, it is not always suc- 
cessful. As Zelis? points out: "Dietary control 


that not every patient is able to exercise." 
And even under carefully monitored dietary 
regimens, lipid lowering may be inadequate. 
For these reasons, it is often necessary to add 
an antilipidemic agent such as ATROMID-S to 





Atromid-S (clofibrate) — to help reduce 
elevated levels of cholesterol 

. and/or triglycerides when diet alone 

— [s not enough ATROMID-S as an adjunct to diet has a proved 


record of effectiveness in lowering elevations of both cholesterol and 

-. triglycerides. Lipid lowering is sustained as long as ATROMID-S treatment 

~ is uninterrupted. The drug is effective in a simple, well-accepted regimen 

that patients can stay with. Initial and maintenance dosage is 2 Gm. daily, 

-- in divided doses. Some patients may respond to a lower dosage. The 

| lipid-lowering effect of ATROMID-S is usually noted during the first month 

_ of therapy. The higher the initial level, the greater the lipid reduction likely 

< to occur. If response is inadequate after three months, the drug should be 

'- discontinued. However, if xanthoma tuberosum is present, treatment should 

__ be continued for longer periods (even up to one year), provided there is 
a reduction in the size and/or number of the xanthomas. 


- Significantly lowers cholesterol and triglycerides in patients 
with elevated serum levels of both lipids? 


Mean values (mg.%) of Cholestero| MEEENENN — Triglycerides INN at NNI 





Years 1 2 3 4 5 6 7 8 
No. of patients 50 NENEEE 50 49 32 
42 MIRI 42 42 29 


Significantly lowers elevated serum cholesterol levels in patients 
. with normal triglyceride values (—150 mg./100 ml.)? 


Mean value (mg.%) of Cholesterol ENEENENNEN 


Years 1 2 3 4 5 6 7 8 
No. of patients 8 BEENEEEN 8 7 3 


Adapted from Berkowitz, D ? 


IF GIVEN IN CONJUNCTION WITH ANTICOAGULANTS 
WARNING: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN 
CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT SHOULD BE 


REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 
.. THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICA- 

TIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 

DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 





Pe I ELESE NURSES EUNT NEN: 


requires strong motivation and self-discipline 


produce significant reductions in serum lipids. 
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Atromid-S (ciotibrat. 
helps control the lipid fact: 
in your patient's profile 


. litial and maintenance 
dosage: 2 Gm. daily (four 
capsules), in divided 
doses. Some patients may 
respond to a lower dosage. 





BRIEF SUMMARY 


(For full prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 
Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as adjunctive thera 
to diet and other measures for the reduction of elevated seru 
cholesterol (especially the beta lipoprotein fraction) and/or | 
glycerides. Clofibrate appears to have a greater depressa 
effect on the very low density lipoproteins (Srt 20-400) rich | 
triglycerides than the low density lipoproteins (St 0-20) rich 
cholesterol. 


ATROMIO-S is also indicated for treatment of patients wil 
xanthoma tuberosum associated with hyperlipidemia.: The sk 
lesions frequently regress with clofibrate. 


It has not been established whether the drug-induced jowerin 
io! serum cholesterol or lipid levels has a detrimental, benefici 
or no ettect on the morbidity or mortality due to atheroscleérosi 
or coronary heart disease. Several years will be required betoi 
current investigations will yield. an answer to this questio 


CONTRAINDICATIONS: Clofibrate is contraindicated in pre 
nant. women. While teratogenic studies have not demonstrate 
any effect attributable to clofibrate, it is known that serum ¢ 
the rabbit fetus accumulates a higher concentration of cl 
'fibrate than that found in maternal.serum, and it is possib! 
‘that the fetus may not have developed the enzyme syster 
required for the excretion of clofibrate. 


It is.contraindicated in lactating women since it is not know 
if clofibrate is secreted in the milk. 


It is contraindicated in patients with clinically significan 
hepatic or renal dysfunction. 


']t is. contraindicated in patients with primary biliary cirrhosi 
since it may raise the already elevated cholesterol in thes 
cases. 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN AN1 
COAGULANTS ARE GIVEN IN CONJUNCTION WITI 
ATROMID-S. THE DOSAGE OF THE ANTICOAGULAN 
SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPEN 
ING, ON THE INDIVIDUAL CASE) TO MAINTAIN THE PRY 
; THROMBIN TIME AT THE DESIRED LEVEL TO PREVEN 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBI! 
DETERMINATIONS ARE ADVISABLE UNTIL IT HAS. BEE! 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEI 
HAS BEEN STABILIZED. 


Strict birth control procedures must be exercised by wome! 
of childbearing potential. In patients who plan to becom 
pregnant, clofibrate should. be withdrawn several. month: 
before conception. Because of the possibility of pregnanc’ 
occurring despite birth control precautions in patients taking 
clofibrate, the possible benefits of the drug to the patien 
must be weighed against possible hazards to the fetus. 


PRECAUTIONS: Before instituting therapy with clofibrat 
attempts should be made to control serum lipids with appre 
priate dietary regimens, weight loss in obese patients. contro 
of diabetes mellitus, etc. 

Because of the long term administration of a drug of this natur 
adequate base line studies should be performed to determing 
that the. patient has significantly elevated serum lipid level: 
Frequent determinations of serum lipids should be obtained dui 
ing the first few months of ATROMID-S' administration, anc 
periodic determinations thereafter. The drug should be witt 
drawn after three months if response is inadequate. However, ir 
the case of xanthoma tuberosum, the drug should be employec 
for longer periods (even up to one year) provided that there is ¢ 
reduction in the size and/or number of the xanthomata. 
Subsequent serum lipid determinations .should be done t 
detect a paradoxical rise" in serum cholesterol’ or triglyceridi 
levels. Clofibrate will not alter the seasonal variations of serum 
cholesterol peak elevations in midwinter and late summer anc 
decreases in fall and spring. If the drug is discontinued, the 
patient should be placed on arr appropriate hypolipidemic die 
and his serum lipids should be monitored-until stabilized, as < 


irise in these values to or above the original base line may®ccu 


During clofibrate therapy, frequent serum transaminase determ 
nations and other livertunctian tests should be performed Since 
the. drug may produce abnormalities in-these parameters. Thes« 


iffects are usually reversible when the drug is discontinued, 
Jepatic biopsies are usually within normal limits. 1f the hepatic 
unction tests steadily rise or show excessive abnormalities, 
he drug should be withdrawn. Therefore use with caution in 
hose patients with a past history of jaundice or hepatic disease, 


Slofibrate may produce “flu like" symptoms (muscular acning, 
soreness, cramping). The physician should differentiate’ this 
rom actual viral and/or bacterial disease. 


Jse with caution in patients with peptic ulcer since reactivation 
ias been reported. Whether this is drug-related is unknown. 


Somplete blood counts should be done periodically since. ane- 
nia, and more frequently, leukopenia have been reported in 
satients who have been taking clofibrate. 


Jarious cardiac arrhythmias have been reported with the use of 
slofibrate. 


Several investigators have observed in their studies that clofi- 
orate. may produce a decrease in cholesterol linoleate but an 
Increase in palmitoleate and oleate, the latter being considered 
atherogenic in experimental animals. The significance of this 
finding is unknown at this time. 


ADVERSE REACTIONS: Of the pertinent reactions, the most 
common is nausea. Less frequently encountered gastrointesti- 
hal.reactions are vomiting, loose stools, dyspepsia, flatulence, 
and abdominal distress. Reactions reported less often than 
gastrointestinal ones are headache, dizziness, and fatigue; 
muscle cramping, aching, and weakness; skin rash, urticaria, 
and pruritus; dry brittle hair, and alopecia. 


The following reported adverse reactions are listed alphabeti- 
cally by Systems: 
Cardiovascular 
Increased or decreased angina 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 
Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 
Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, 
tress) 
Hepatomegaly (not-associated with hepatotoxicity) 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by 
dysuria, hematuria, proteinuria, decreased urine output, 


flatulence, abdominal dis- 


One patient's renal biopsy suggested "allergic reaction." 


Hematologic 
Leukopenia 
Potentiation 
Anemia 
Eosinophilia 
Musculoskeletai 
Myalgia (muscle cramping, aching, weakness) 
"Flu tike” symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased trans- 
aminase {SGOT and SGPT), BSP retention, and increased 
thymol turbidity 

Proteinuria 

increased creatine phosphokinase 

Reported adverse reactions whose direct relationship with the 
drug has not been established: peptic ulcer, gastrointestinal 
hemorrhage, rheumatoid arthritis, tremors, increased perspira- 
tlon, systemic lupus erythematosus, blurred vision, gynecomas- 
tia, thrombocytopenic purpura 
DOSAGE AND ADMINISTRATION: /nitia/: The re 
dosage for adults is 2 Gm. daily, in divided doses 
patients may respond to a lower dosage. 
Maintenance: Same as for initial dosage. 
Note: In children, insufficient studies have been done to show 
safety and efficacy 
DRUG INTERACTIONS: Caution should be exercised when 
anticoagulants are given in conjunction with ATROMID-S 
(clofibrate). The dosage of the anticoagulant should be 
reduced usua (depending on ihe individual case) 
to maintain time at the desired level to pre- 
vent bleeding complications. Frequent prothrombin determina- 
tions are advisable unti! it has been definitely determined that 
the prothrombin tevel has been stabilized. 

MANAGEMENT OF OVERDOSAGE: While there has been no 

reported case of overdosage, should It occur, symptomatic Sup- 

bortive measures should be taken 

HOW SUPPLIED: ATROMID-S—No. 243—Each 

tains 500 ma. clofibrate, in bottles of 100. 


References: 1. Scheig, R:: Conn. Med. 39:71 (Feb.) 1975 
2. Zelis. R.: Clinical Focus on Hyperlipidemia: Detection and 
Diagnosis, Ayerst Laboratories, 1975, p. 8. 3. Berkowitz, D.: 
JA M.A. 278:1002 (Nov. 15) 1971. 
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&| New York, N. Y. 10017 
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Uard tne evening nours 


against anginal attack 


Transdermal _ 


NITRO- BID ecnitrogiycerin 


Ointment 


Two double-blind studies have demonstrated the efficacy'of NITRO-BID” (2% nitroglycerin) transdermal oin 


ment.” 


'Nitro-Bid Ointment works because absorption through the skin provides anatural “controlled release 


delivery system that lets nitroglycerin bypass the digestive system and enter directly into the bloodstrea 


Bedtime or daytime 


Brief Summary DESCRIPTION: Nitroglycerin 2% 
trinitrate) and lactose in special lanolin-petrolatum base 
ACTION: Nitroglycerin is continuously absorbed through the skin 
into the circulation, thus exertina prolonged vasodilator effect. 
INDICATIONS: Prevention and treatment of angina pectoris. 
PRECAUTIONS: Headache is a sign of overdosage, so reduce 
dosage. Occasionally elderly patients may develop postural hypo- 
tension with faintness upon suddenly arising. May be contrain- 
dicated in patients with marked anemia, increasedintraocular pres- 
sure or increased intracranial pressure. Don't use in patients with 
a known idiosyncrasy to nitrites 

DOSAGE AND ADMINISTRATION: Usual dose is 1-2 inches, as 
squeezed from tube. Some patients require 4-5 inches. To deter- 
mine optimal dosage, start with 1 inch, increase dose 1/2 inch at 


(glyceryl 


_as little as an inch of Nitro-Bid transdermal ointment smoothed on the skin can give 
your patients hours of potent protection against anginal attacks. Ses 


your Marion representative for further product informatiotr 


a time until headache occurs, then drop back to largest dose which 
dcesnt cause headache. Apply to desired skin area with Dose 
Measuring Applicator. DO NOT USE FINGERS. Spread in thin 
uniform layer. May be applied every 3-4 hours if necessary. Effec 
tive in control of angina pectoris, regardless of skin site of appli 
cation, although patients may prefer chest site because angina 
pain originates in this area. To stop treatment of anginal patients 
gracually reduce dosage and frequency of application over perioc 
of 4-6 weeks to prevent characteristic nitroglycerin withdrawa 
reactions 


HOW SUPPLIED: 60-gram tubes. 


CAUTION: Federal law prohibits ila pecia ali^ e 
dispensing without prescription. IISSOURI 641 


UMUC, DIVISIO 





ECHO-COMP 


The M-mode Calculator from 


we 
AS ali^ ^ 


ECHO-COMP Provides Automatic 
Calculation of over 70 Typical 
M-mode Measurements Including 
Excursions, Times, Velocities, 
Dimensions, Ratios, Body Surface 
Area Corrections, Heart Rate Cor- 
rections, Statistics. 


DIGISONICS 


3701 KIRBY DRIVE 
HOUSTON, TEXAS 77098 
CALL TOLL-FREE (800) 231-3490 













DIGISONICS 


HOUSTON, TEXAS 


Touch the M-mode data points and a 
control button with a special pen. The 
results are immediately printed. Use 
any strip chart recording from any 
M-mode echo unit. ECHO-COMP 
consists of a minicomputer, a printer, 
and a digitizer. 
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hen cho osing a diuretic 


for day-in-day-out 








ertension control with 


comfortable compliance... 


The agent you choose in mild to moderate 
essential hypertension should offer (1) long-term 
effectiveness, (2) patient comfort and compliance. 


Zaroxolyn offers both. 


In one long-term study! Zaroxolyn brought 
moderately elevated (average 161/109 mm Hg) 
blood pressure down to the range of normo- 
tension—and held it there for a year or more. 


The investigator noted, “Patient cooperation was 
surprisingly good for a study of such duration 
[27^ years]. The once-daily dosage schedule with 


metolazone [Zaroxolyn] no doubt contributed to 
patient compliance? 


Overall compliance with Zaroxolyn is good — 


very good. An analysis of controlled clinical 


studies involving 188 Zaroxolyn patients showed 
that only eight discontinued therapy because of 
side effects. That's a discontinuation rate of only 
4.3%, and broader clinical experience appears to 
substantiate this low rate? 


Zaroxolyn. For long-term control and comfortable 
compliance in mild to moderate hypertension. 


Recommended initial dosage in mild to moderate essential hypertension-2/ to 5 mg once daily 





AZLa:oxolyr 


metolazone, Pennwalt 


2¥2-mg, 5-mg and 10-mg tablets 


once-daily antihyp ertensive diuretic 


Before prescribing, see complete prescribing 
information in the package insert, or in PDR, or 
available from your Pennwalt representative. The 
following is a brief summary. Indications: 
Zaroxolyn (metolazone) is an antihypertensive 
diuretic indicated for the management of mild to 
moderate essential hypertension as sole thera- 
ponuc agent and in the more severe forms of 
ypertension in conjunction with other anti- 
hypertensive agents. Also, edema associated with 
heart failure and renal disease. Contraindications: 
Anuria, hepatic coma or precoma; allergy or 
sensitivity to Zaroxolyn. Or, as a routine in other- 
. wise healthy pregnant women. Warnings: In 
theory cross-allergy may occur in patients 
allergic to sulfonamide-derived drugs, thiazides 
or quinethazone. Hypokalemia may occur, and is 
a particular hazard in digitalized patients; 
dangerous or fatal arrhythmias may occur. 
Azotemia and hyperuricemia may be noted or 
precipitated. Considerable potentiation may 
occur when given concurrently with furosemide. 
When used concurrently with other antihyper- 
tensives, the dosage of the other agents should 
be reduced. Use with potassium-sparing diuretics 
may fause potassium retention and hyper- 
kalemia. Administration to women of childbearing 


age requires that potential benefits be weighed 
against possible hazards to the fetus. Zaroxolyn 
appears in the breast milk. Not for pediatric use. 
Precautions: Perform periodic examination of 
serum electrolytes, BUN, uric acid, and glucose. 
Observe patients for signs of fluid or electrolyte 
imbalance. These determinations are particularly 
important when there is excessive vomiting or 
diarrhea, or when parenteral fluids are admin- 
istered. Patients treated with diuretics or corti- 
costeroids are susceptible to potassium deple- 
tion. Caution should be observed when adminis- 
tering to patients with gout or hyperuricemia or 
those with severely impaired renal function. 
Hyperglycemia and glycosuria may occur in 
latent diabetes. Chloride deficit and hypo- 
chloremic alkalosis may occur. Orthostatic 
hypotension may occur. Dilutional hyponatremia 
may occur in edematous patients in hot weather. 
Adverse Reactions: Constipation, nausea, 
vomiting, anorexia, diarrhea, bloating, epigastric 
distress, intrahepatic cholestatic jaundice, 
hepatitis, syncope, dizziness, drowsiness, vertigo, 
headache, orthostatic hypotension, excessive 
volume depletion, hemoconcentration, venous 
thrombosis, palpitation, chest pain, leukopenia, 
urticaria, other skin rashes, dryness of mouth, 


hypokalemia, hyponatremia, hypochloremia, 
hypochloremic alkalosis, hyperuricemia, hyper- 
glycemia, glycosuria, raised BUN or creatinine, 
fatigue, muscle cramps or spasm, weakness, 
restlessness, chills, and acute gouty attacks. 
Usual Initial Once-Daily Dosages: mild to 
moderate essential hypertension —2'5 to 5 mg; 
edema of cardiac failure—5 to 10 mg; edema of 
renal disease—5 to 20 mg. Dosage adjustment 
may be necessary during the course of therapy. 
How Supplied: Tablets, 2%, 5 and 10 mg. 


References: 

1. Dornfeld L, Kane R: Metolazone in essential 
hypertension. The long-term clinical efficacy « 
a new diuretic. Curr Ther Res 18: 527-533, 19; 

2. Data on file, Medical Department, Pennwalt 
Prescription Products. 


a MENNWALT 


Pennwalt Prescription Products 
Pharmaceutical Division 
Pennwalt Corporation 
Rochester New York 14603 
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LITHIUM 
PACEMAKER 
WORTHY 

OF IHE 
MEDTRONIC 
NAME. 


PAULE ele (ee Ck . . - 
performance potential of 
Medtronic’s exclusive lithium power 
source with Medtronic’s own 
advanced circuitry. That means it’s a 
pacemaker that provides essential 
performance features no other 
lithium pacemaker can offer. 


Constant Rate... 

a Medtronic Exclusive 

A constant rate for the service life of 
the Xyrel pacemaker provides a 
stable and assuring pacing rate for 
your patients; however, once the 
voltage depletes to a predetermined 
but safe level, a gradual rate 
decrease occurs to communicate 
the need for pacemaker 
replacement. 


Constant Energy... 
another Medtronic Exclusive 
A measured gradual increase in 


pulse width (pulse duration) provides 
E 


diim Hand o Se P 
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heart as power source voltage 
decreases. Energy to provide 
stimulation is almost the same when 
replacement is indicated as it is the 
first day of implant. 


The Xyrel pacemaker also offers 
many other features: 


e Small size, round shape 

e Improved EMI compatibility 
e Improved sensing amplifiers 
e And many more 


Prescribe the Xyrel pacemaker from 
Medtronic. 
It's the evolution of excellence. 


ro Medtronic 


Helping you help 
the pacemaker patient 
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See next page for disclosure statement. 
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MEDTRONIC * 


- IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in 
patients with impulse formation or 
conduction disorders leading to brady- 
arrhythmias, tachyarrhythmias and heart 
block (see product labeling for detailed 
list of intended uses). 


CONTRAINDICATIONS 

There are no known contraindications to 
the use of pacing as a therapeutic 
modality for the control of heart rate. The 
patients age and medical condition, 
however, may dictate the particular 
pacing systems and implantation pro- 
cedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients 
with pacemakers because of possible 
heat damage to electronic components. 


Electrosurgical units should never be used 
_ inthe vicinity of unipolar pulse generators 


or bipolar pulse generators implanted in 
the unipolar mode because of danger of 
introducing fibrillatory currents into the 
heart via the implanted pulse generator/ 
lead. Pulse generators may be damaged 
by defibrillatory discharges if the paddles 
are placed over the implanted pulse 
generator. 


PRECAUTIONS 

The physician should be aware that all 
pulse generators will ultimately cease to 
function, and may fai! at any time due to 
random component or battery failures 
which cannot be predicted prior to fail- 
ure. Also, that the pacing system may 
cease to function at any time due to lead- 


related problems such as displacement, 
— fracture, fibrotic tissue formation, and 
. elevated thresholds, and that proper 
- operation may be affected by electrical 


interference from equipment using elec- 
trical energy, or medical complications. 


SIDE EFFECTS 


Body rejection phenomena, including 
___ local tissue reaction, muscle and nerve 


stimulation, infection, erosion of pulse 
generator/lead through skin, transvenous 
lead-related thrombosis, embolism and 
cardiac tamponade. 





LA Mectronic 
Medtronic, Inc. 


3055 Old Highway Eight 
Minneapolis, MN 55418 
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Hypoglycemia 


This book is the result of the First European (Rome) 
Symposium on the subject. Hypoglycemia is a com- 
prehensive presentation covering both the clinical 
and investigative knowledge available now. Guest 
Editors are: D. Andreani, P. Lefébvre and V. Marks. 


Emphasis is placed on diagnosis and treatment, and 
special considerations are offered on Stimulative 
Hypoglycemia, Alcohol Hypoglycemia, Gastro- 
intestinal Hormones, Pancreatic Tumors, Reactive 
Hypoglycemia, and Hypoglycemia in Diabetics. 


These proceedings have made a substantial con- 
tribution to the understanding and management of 
this widely diagnosed disease. Now published and 
ready for worldwide distribution, the original material 
has the added value of close peer review and careful 
editing. 

Send us your order now, and receive your copy on 
our special 10-day free plan. 


Published in conjunction with Georg Thieme Pub- 
lishers, Stuttgart. 


YORKE MEDICAL BOOKS AJC 2/77 
666 Fifth Avenue, New York, New York 10019 


Yes, | would like to review Hypoglycemia-Proceedings of 
the First European Symposium. 


Please send me copy(ies) on a 10-day free review 
basis. | understand | may return the book(s) at any time 
within 10 days and owe nothing or receive a prompt refund 
if | paid in advance. 
D- Please bill me $23.00 plus $1.00 handling. 
s Payment enclosed $2300*, publisher absorbs han- 
dlin 
o Canada: Central & South America (Pre-Payment re- 
quired) $23. 00 plus $2.00 shipping. 
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ut-Patient ECG Monitoring 


e Acute myocardial infarction therapy. 
e Drug dosage adjustment. 


e Pacemaker surveillance. 
e Transient arrhythmia detection. 


Survival Technology Inc. 


7801 Woodmont Avenue. Bethesda. Maryland 20014 * 301/654-2303 





THE CARDIAC EVENT RECORDER 


FROM 


MEDISYSTEMS" 
Eliminates all the Drawbacks of Holter Monitors 


e Records only arrhythmias and 
conduction defects 


e Entire 24-hour tape read auto- 
matically in approximately 
3 minutes 


e Time of day annotated 


e Eliminates cost of scanning & de- 
lay in obtaining results 





e No technician errors 


Eliminates cost of scanning y Variable Limits Selector for 
Immediately prints out a choosing high & low rate of up 
strip chart of patient’s to seven parameters 


i diac behavi 
deviant cardiac behavior » Records pre- and post-arrhyth- 
mia data 


e Artifact discrimination 





» Audible & visual alarms 
» Manual activation 
e Automatic editing 


e Significant economic advan- 
tages 


Visit us in Las Vegas 
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— | Booth 619 
100CER Patient Monitor Call Toll Free 800 257-8290 
Compact * Lightweight * Reliable Or Write 


Mediscience Technology Corp. 
345 New Albany Road 
Moorestown, NJ 08057 G 
(609) 234-7878 





MEDISYSTEMS 











Transportation: A portable 
monitoring instrument aids the 
safe transport of cardiac pa- 
tients. Pictured is the monitor / 
recorder component of the 
Lifepak® 5 detached from the 
defibrillator. 


Uu. 


Emergency Department: Be- 
cause many forms of serious 
trauma can initiate ventricular 
fibrillation, and because the 
Emergency Department is 
often the diagnostic clearing 
center for cardiac patients, a 
defibrillator / cardioscope / re- 
corder is always near at hand. 








Recovery Room: During the 
observation of post-surgical 
patients, particularly cardiac 
cases, a monitor / defibrillator / 
recorder is present in the event 
of arrest or other cardiac ir- 
regularities. 


DANGER 
POSLALI LUPLOMON MAZAAG 
W usto i Tet PRESENCE 
OF FLAMMARLE ANESTHETICS 


CAUTION 
MAJAA00US ELECTRICAL OUTPYT 
Iw$ EQUIPMENT 18$ FOR Uit " 
em v gd OuaLHHO WIDICA 
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Operating Room: A monitor/ 
defibrillator/recorder should 
be on hand should cardiac ar- 
rest occur from reactions to 
general anesthetics, mechan- 
ical trauma or drugs. In some 
cardiac procedures, internal 
paddles may be used. 











Special Procedure X-Ray 
Rooms: Ventricular fibrillation 
can result from reaction to 
radiopaque dyes or catheter ir- 
ritability. A defibrillator should 
be present for these emergen- 
cies. 





Coronary Care Unit: Because 
CCU patients are uniquely vul- 
nerable to cardiac arrest, the 
defibrillator is an indispensable 
piece of emergency equipment. 





General Floors: Acrash cart on 
every floor, equipped with a 
Physio-Control defibrillator/ 
cardioscope/recorder helps 
ensure prompt, effective treat- 


ment of cardiac emergencies 
anywhere in the hospital. 


Physio-Control has the finest instruments 


for every hospital application. 


510 1440 
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r ^ 
! Clip out and mail to: 
| 
l 
l 
i ® 
I 
! 11811 Willows Rd., Redmond, WA 9 
I 
| | am interested in more information about Physio-Control Acute Cardiac Care Syst 
I 
! Name 
F Address 
vm 
i | represent 
FM (Hospital or Clinic) 


(Specific application) 


ntrol, LIFEPAK and 1 Qlik- -Look are registered trademarks of Physio-Control Corporation. 


Ww 


BT Ted ELO] G 
Scope/Recorder 
Quik-Look ' With com- Standard Standard Standard Standard 
(ECG thru paddles) | panion 
scope or 
recorder 
Quik-Charge SICHIV ET ICI ETE 
push-button 
control on 
panel) 


Standard Standard 


(digital) 


Synchronizer for SICE LES, Standard Standard 3 ETaler ice! Standard 
ardioversions 


am oe bel E ij 
Portable, Battery SIC ELLS SIC EI SIC ET f Standard 
operated w/Built- 

in Charger 


IFEPAK1 LIFEPAK 3 LIFEPAK 911 


IFEPAK 4 "E LIFEPAK 5 PHYSIO 640 PHYSIO 1440 


PHYSIO 1440 


11811 Willows Rd., Redmond, WA 98052 
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Abstracts of Papers To Be Presented at the | 1 


Twenty-Sixth Annual Scientific Session of the 


American College of Cardiology 


Las Vegas, Nevada, March 7 to 10, 1977 


L TAL 


SELECTION OF ABSTRACTS 


The abstracts selected for the 26th Annual Scientific Session of the American College of Cardiology are 
published in this issue of the American Journal of Cardiology. These 278 abstracts are impressive for their 
diversity of content and their scientific merit. New information generated in the research laboratory is 
vital to the growth of cardiology. For this reason, the Abstract Sessions form an essential component of 
the overall Scientific Program. : 

The Scientific Program Committee gave each investigator the option of selecting one of five grading 
categories for which his abstracts would be considered. These were Clinical Cardiology, Electrocardiogra- 
phy and Electrophysiology, Basic Science, Pediatric Cardiology and Cardiovascular Surgery. Each ab- 
stract was graded by 10 peer reviewers. The Program Committee is deeply grateful to the 190 reviewers 
of abstracts. The grades were returned to the Bethesda office of the College where they were averaged. 
The abstracts were graded on a scale of 1 to 10, with 10 being the highest score attainable. All abstracts 
with a grade of 7.6 or above were accepted for presentation. The Scientific Program Committee then met 
at O'Hare Airport on October 16 and 17, 1976 to assemble the Abstract Sessions. Abstracts were grouped 
according to a basic theme or mutuality of interest and placed appropriately in the program. This year 23 
percent of all abstracts submitted will be presented at the meeting. 


Walter H. Abelmann, MD, FACC 
Herbert J. Levine, MD, FACC 
Co-Chairmen, Annual Scientific Program Committee 
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MONDAY, MARCH 7, 1977 
CARDIOPULMONARY ASSIST 
PM 

3:30 to 5:30 


ESOPHAGEAL OBTURATOR AIRWAY - A NEW ADJUNCT IN 
EMERGENCY AIRWAY MANAGEMENT 

T. A. Don Michael, MD, FACC, FACP; 

Archer Gordon, MD, PH.D.; 

Jerome Schofferman, MD 

Bakersfield, California 


29,000 cases of cardiac resuscitation jointly performed 
at UCLA, Kern Medical Center and Harbor General Hospital, 
indicate the practical usefulness of the esophageal 
obturator airway in the management of patients with 
cardiac arrest in maintaining effective ventilation. The 
principle is to obstruct the esophagus by an inflatable 
balloon attached to a tube which can be used for purpose 
of ventilation. The advantages are rapid insertion 

(6 sec) by personnel unskilled in endotracheal intubation, 
prevention of gastric aspiration, and distention. An 
additional advantage is that the tube is rapidly (6 sec) 
inserted without termination of external cardiac com- 
pression and blood gases obtained are comparable of 

those obtained by the use of an endotracheal tube. Two 
cases of esophageal rupture have been reported in a 
patient intubated during anesthesia and during resusci- 
tation; in 3 cases the trachea was entered and this was 
recognized by failure of the chest to expand and the bal- 
loon withdrawn and reinserted. In 2 cases neither endo- 
tracheal or esophageal intubation was possible. 
Experience with over 29,000 insertions indicates that 

the method is life saving when performed outside the 
hospital and in Intensive Care Unit as well as emergency 
rooms where endotracheal intubation is neither feasible 
nor practical without cessation of cardiac compression. 
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EXPERIMENTAL DEMONSTRATION OF THE ABILITY OF INTRAAORTIC e 
BALLOON PUMPING TO REDUCE THE INFARCT SIZE. d 
Waldemar J. Wajszczuk, M.D., F.A.C.C.; Ryszard J. s 
Zochowski, M.D.; Grzegorz Sedek, M.D.; Edna E. Elfont, 

PhD; Philip Cascade, M.D.; Joseph P. Roszka, B.S.; 
Jacek Przybylski, M.D.; Melvyn Rubenfire, M.D., F.A.C.C.; - 
Adrian Kantrowitz, M.D., F.A.C.C., Sinai Hospital and T 
Wayne State University, Detroit, Michigan. f 


Effects of intraaottic balloon pumping (IABP) on acute x 
myocardial ischemia (AMI) and chronic infarct scar (CIS)^ X 
indvzed by ligation of the anterior descending coronary  . 
artery were studied in dogs. Epicardial mapping with | 
quantitation of ST, R and Q changes was correlated with © 
nitroblue tetrazolium (NBT) staining and angiography. In | 
acute experiments with 3 hours of IABP initiated with a . 
delay of 1 hour after the onset of acute ischemia, com- 
parison with a control group showed reduction of NST by 
38% and NQ by 16% (extent of the damaged myocardial io 
zone). £ST (expression of the severity of ischemia) was R 
reduced by 44%. There was also 50% less R wave voltage 
reduction in the pumped group. In «chronic experiments, 
the extent of the CIS after 6 weeks was reduced by 79% - 
and 64% by Q and NBT mapping and there was 55% less R 
voltage reduction.  Postmortem angiography revealed de- 
velopment of collaterals with ante- and retrograde 
filling of the distal segments of the occluded vessels 

in pumped dogs.  Microangiography revealed abundance of 
collaterals in pumped dogs. In summary, IABP is effect- 
ive in permanently reducing the extent and severity of 
ischemie myocardial damage. This effect is even more 
pronounced when studied at 6 weeks. The ability of 
intraaortic balloon pumping to decrease the size of 
infarct scar in dogs has been demonstrated. 
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AND I $4 ALLOON So De ap) IN MAN* - 
raene Bennett, FROS; Stephen R. Igo, John M. 

, BS; Ruben ' Oy MS; C. Wayne Hibbs, MS; Charles 
onds, MS; and John C. Norman, MD, FACC; Texas 

m inset, Houston, Texas, 


T In racorporeal (abdominal) left ventricular assist 
1 d es have been approved by NHLBI auspices for initial 
| elinieal trials in our institution. Over the last six 
is ths, six trials in preterminal post-cardiotomy 
patients (lasting from 1-140 hours) have been undertaken 
.. duri carefully proscribed conditions and protocols. 

" E ee uro of concurrent ALVAD and IABP support, 
x days after implantation of the former, we have 
compared the hemodynamic effectiveness of these two 

mo dé eer circulatory Support, i.e. 


d» 


S CONTROL IABP . ALVAD 
ie n 1-2 T7449. 7.56 (022) 72.01 (6251] 
. Pew 20 19 (452) 14 (4304) 
BoP 68 69 (412) 85 (4252) 


2098 2020 (442) 1936 (+ 8%) 


BE. 
inal left tentten? assist device is 7 
nore S etféative than IABP in increasing AoP and 
imum (p<0, 01) and 6 times more effective in 
rta P.C.W, (p«0.01). SVR is also significantly 
ced from control values (p«0.01). 


S) Be: - Hemodynamic Effects of ALVAD Pumping in 
1 . Topical Rut, to NHLBI, Contract /NO1-HV-5-3006, 
pure 1976. 
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MENARY REPORT: MODIFICATION OF INTRA-AORTIC BALLOON 

Ñ RESSURE MEASUREMENT, CONTRAST INJECTION AND GUIDE- 

N E EASSACE., Steven Wolfson, M.D., F.A.C. C., Alexander 
Geha , M.D., Graeme L. Hammond, M.D., Rene A. Langou, 

> Lawrence S. Cohen, M.D., F.A.C.C. Yale University 

ool of Medicine, New Haven, CT. 

n AVCO. intra-aortic balloon (IABP) has been modified, 

B tue addition of a central lumen (one mm. internal dia- 
r), to allow pressure measurement, contrast injection, 

nd/or guide-wire passage. Review of our experience with 
conventional IABP had previously revealed that in 287 

ip severe peripheral vascular disease prevented in- 

: ion of of the IABP in 17 patients (pts). Dissection 

the wall of the aorta by the conventional IABP oc- 

iin an additional 11 pts (6 proven by autopsy or an- 

Eur | probable cases by clinical criteria). Thus, 


impos sible o r was attended by vascular complication. 
cr. he modified IABP has been evaluated in 5 pts. Three 
tc were successful. Contrast injection and use of 
de-wires enabled passage of the catheter even through 
Eon In one case, conventional IABP passage 
| - Injection of contrast through the modified 
Baa fated. je that the first passage had produced a 
section. « In an additional case, the iliac vessel was > 
tortuous that passage of the modified IABP proved im- 
Sible, but dissection was not produced and no complica- 
ns resulted. In all instances where the modified IABP 
passed, immediate blood pressure measurements enabled 
optim i] timing of IABP inflation and deflation. Pts were 
3 ibsequently monitored through the lumen in the modified 
without a separate arterial cannula.  . 
oe we Fess. p greet Gtaney data suggest that. an IABP with a cen- 
ec increased safety and efficacy of intro- 
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% of attempts, introduction of the IABP proved to be 
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LA es T pA 
PLITT PUL- 
SATOR; A NEW DEVICE TO CREATE PULSATILE E FLOW OR 
COUNTERPULSATION DURING OPEN HEART SURGERY n 
Martin J. Kaplitt, M.D.; Yehuda Tamari, M.S., _ 
North Shore University Wbsrpeod Cornell Unit 
versity Medical College, Manhasset , N. Y. Us 


Three years ago we first reported the AEQ of 
intraoperative counterpulsation (CP) and/or pul- 
satile pumping via the existing arterial line of 
the cardiopulmonary bypass (CPB) set up. We | 
have now developed a simple and inexpensive dis- 
posable device, the Tamari-Kaplitt Pulsator (TKP’ 
thas is inserted in the standard arterial line 
and which can be triggered by the ECG to produce 
either pulsatile flow or CP instantaneously on 
or eff CPB. The TKP has now been utilized in 20 
patients. In 15 patients, pulsatile flow was 
instituted during coronary bypass Surgery main- 
taining a mean pressure at 60mmHg while super- 
imposing a pulse of 78/40mmHg. Pulsatile flow 
improved the mean graft flows by 26% and the 
urine outputs by 24%. Five patients with tran- 
sient post perfusion hypotension (BP < 70mmHg) 
were treated with CP which increased diastolic 
pressure 35% and mean coronary graft flows 20%. 
Improvement in cardiac performance (BP > l00mmHg) 
led to a diminished requirement for cardiotonic 
drugs in each instance. No evidence of increased 
hemclysis has been noted in any patients. The 
instantaneous ability to create CP on or off CPB 
reduced the need for intraaortic balloon pumping. 
The simplicity, safety, effectiveness and inex- 
pensive nature of the TKP warrants its serious 
consideration for use as a standard part of. any 
CPB setup. 


TREATMENT OF PREINFARCTION ANGINA BY INTRA-AORTIC 
BALLOON PUMPING AND OPERATION 
Julian M. Aroesty, MD, FACC; Ronald M, Weintraub, MD, 


FACC; Sven Paulin, MD, Harvard Medical School and Beth 
Israel Hospital, Boston, Mass. ` 


Forty-six patients (pts) with medically refractory pre- . 
infarction angina (RPIA) were treated by balloon pumping 
(IABP) and operation (OP). There were 12 females and 34 
males ranging in age from 32 to 76 years (mean, 52). 17 
pts had ischemia in the distribution of one vessel only, 
16 pts had multivessel ischemia, 9 pts had recent multiple 
acute infarctions in the distrioution of one vessel, and 

4 pts had a recent acute infarction (AMI) with ischemia 
in another area. The pts were troated for an average of 
3.9 days prior to insertion of IABP. IABP resulted in 
complete relief of MPIA in 36 pts, a decrease in severity 
of MPIA in 5 pts, and did not affect 3 pts. The left 
ventricular angiogram was normal in 9 pts. There was ab- 
norma. anterior wall motion in 23 pts, abnormal inferior 
wall motion in 3 pts, and abnormal motion of both anterior 
and inferior wall in 9 pts. 42 pts had Significant ath- 
erosclerotic involvement of the left anterior descending 
artery, and one pt had à main left coronary artery sten- 
osis. Revascularization was performed to 1 vessel in 17 
pts, 2 vessels in 17 pts, 3 vessels in 10 pts, and 4 ves- 
sels in 2 pts. One pt was lost to followup, aud one pt 
died at operation. 44 pts were followed for 1 to 48 
months (Mean, 22). There have been no late deaths, 33 pts 


. had nc further hospitalizations, and 19 pts have returned 


to work full time. 30 pts are NYHA. Class I, 7 pts are 
Class II, and 5 pts are Class III. We conclude that | 
RPIA, even in the presence of AMI, can be treated by 
IABP and OP, at low risk and with an ks d functional 
result. js 
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nary angiography was carried out. 
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EXPERIENCE WITH INTRA-AORTIC BALLOON COUNTERPULSATION 


IN A COMMUNITY HOSPITAL 


Jang B. Singh, MD; Stanley L. Kocot, MD; Pamela C. Spratt, 
RN; Willard M. Daggett, MD; Mortimer J. Buckley, MD. 


The Saint Vincent Hospital, Worcester, Mass., and the 


Massachusetts General Hospital, Boston, Mass. 


Intra-aortic balloon counterpulsation (IABC) was used in 


29 patients (pts) with coronary artery disease (CAD) in a 


large community hospital where inhouse cardiac surgery is 


The pts were stabilized on IABC and coro- 
The pts were transfer- 
red to a surgical center in an incensive care van on IABC 
when surgery was indicated. The indications used for IABC 
were as follows: Group A, Cardiogenic Shock 13 pts; Group 
B, Crescendo Angina, unresponsive to medical therapy, 14 
pts; Group C, Resistant Ventricular Arrhythmias with left 
ventricular failure and acute myocardial infarction (MI), 
2 pts. Nine of the 13 shock pts underwent angiography; 


not available. 


2 pts were operated upon and are alive l year after surge- 
"ry; 7 pts were weaned and 2 survived; 4 pts did not have 


The overall survival 
In Group B, 


coronary angiography and all died. 
in the shock group is 32%, 4 of the 13 pts. 


8 of the 14 pts had recent acute MI; 10 pts were consider- 


ed operable, all had coronary bypass surgery with no mor- 
tality; 4 pts were inoperable and weaned. The 2 pts in 
Group C were weaned successfully and are alive. 
CONCLUSION - This experience documents the feasibility cz 
a coordinated aggressive therapeutic approach in patients 
with potentially fatal complications of CAD. The use of 
IABC in a non-cardiac surgical center has allowed hemo- 
dynamic support in the critically ill, safety in angio- 
graphy, appropriate selection of patients for surgery, 
and safe patient transportation to a cardiac surgery cen- 
ter, when indicated. 


CLINICAL EXPERIENCE WITH MEMBRANE OXYGENATORS ON 
INFANTS AND CHILDREN: COMPARISON WITH BUBBLE 
OXYGENATOR ON 154 CONSECUTIVE PATIENTS. 

Faustino N.Niguidula,MD,FACC; Antonio Romano,MD; 


W.Jay Eldredge,MD; Gerald M.Lemole,MD,FACC,Deborah 


Heart and Lung Center, Browns Mills, N.J. 


Although the membrane oxygenator (MO) has been 


used extensively on adults during open heart pro- 
cedures, clinical experience on infants and children 


has been limited and sporadic. Recently a ped- 
iatric MO* has become available and was used 

exclusively since Dec 1975 on pediatric patients 
undergoing open heart surgery. The results are 


compared to an equal number of patients using the 
There were 154 consecutive 
patients, 77 using the MO and 77 utilizing the BO. © 
The variety of defects were similiar in both groups. 
Patients age ranged from 2 weeks to l6 yrs, average 


bubble oxygenator (BO). 


7 yrs; average duration of perfusion was 64 min. 
(15-163 min). Mild to deep hypothermia was used 


an average perfusion temp. was 259C (range 189 to 


369). Identical studies were obtained on most of 


the patients at 2/1 LPM; pAO, ranged from 88 to 260 
mm Hg, mean of 182 mmHg at average "shim"pressure 
of 120 mmHg; pCO2 ranged from 28 to 54 mmHg, mean 


42 mmHg and controlled by varying O,/BF ratio. 


Platelet counts decreased by 52% in MO and 63% in 
BO; postoperative blood transfusions required were 
570 cc in MO and 721 cc in BO. Haptoglobin levels 


decreased by 19% in MO,25% in BO and plasma free 


hemoglobin increased by 61* in MO and 213$ in BO 
Urine hemo- 
blobin increased by 5% in MO and 24% in BO. The 
MO, in addition to providing efficient oxygenation 


when compared to preperfusion values. 


and preventing hypocarbia, produces less trauma 
to blood and has several features which make it 


.sáfer for use on infants and children. 


* Travenol Labs, Inc. 
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NEUROGENIC CORONARY VASOCONSTRICTOR EFFECTS OF DIGITALIS 
DURING ACUTE GLOBAL ISCHEMIA Nt 
Kiran B. Sagar, M.D., Eric C. Hanson, M.D., Wm. John 

Powell, Jr., M.D., F.A.C.C. Massachusetts General Hospita 
Boston, Mass. de: a C AA 


The rapid intravenous administration of digitalis has re- 
cently been shown to cause a substantial increase in 
coronary vascular resistance (CVR) in the normal heart. | 
This neurogenically mediated decrease in coronary blood . 
flow would be potentially detrimental if it occurred dur- 
ing ischemia. The present study evaluates the effects of 
intravenous acetylstrophanthidin (ACS) and digoxin on CVF 
during acute global ischemia in 29 dogs anesthetized with 
chloralose and urethane. Reducing coronary artery perfus- 
ion pressure to induce ischemia elevated the left ventric 
ular end diastolic pressure to 16+] from 6*1 SEM cm of — 
water (p«.01) and resulted in negative myocardial lactate 
balance. Following 0.5 mg of intravenous ACS in 8 dogs, 
CVR showed erratic increases. In 7 additional dogs, there 
were progressive increases in CVR associated with acute. 
elevations of left ventricular end diastolic pressure. 
Unless coronary flow was increased in this latter situa- 
tion, ventricular fibrillation ensued. Prior alpha adren- 
ergic receptor blockade with phenoxybenzamine prevented 
the increases in CVR with ACS during ischemia. Control 
ischemic experiments without ACS did not reveal an 
increase in CVR. Erratic increases in CVR were observed 
with intravenous digoxin (1 mg) during ischemia in 3 dog: 
In 2 of these dogs, there was a progressive rise in CVR. 
and left ventricular end diastolic pressure leading to 
ventricular fibrillation. The increase in CVR with digox 
during ischemia was abolished with phenoxybenzamine. Thu: 
intravenous digitalis in the ischemic heart results in 
increases in coronary vascular resistance mediated throu 
alpha adrenergic receptor stimulation which are potentia 
ly detrimental. 
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EFFECT OF CARDIAC SYMPATHETIC NERVE STIMULATION ON CORO- 
NARY VASOMOTOR TONE E E 
Alexandros C. Kralios, MD, Theofilos J. Tsagaris, MD, 
Fany A. Kralios, MD and Hiroshi Kuida, MD. University o 
Utah and V. A. Hospital, Salt Lake City, Utah.  — " 
The effect of selective left cardiac sympathetic nerve © 
stimulation (LCSNS) (8-12 Hz) on coronary vasomotion wàs 
studied in 12 dogs with uniformly fixed heart rate, car- 
diac index, systemic arterial pressure (SAP), and con- 
trolled left coronary perfusion pressure (CPP) or flow 
(CBF). With LCSNS at constant CPP equal to SAP (70 mmHg 
significant increases (A) of LV dp/dt, 215 + 27 (SE) mmH: 
sec (17 + 2.1%) and MVOp, 1.57 + .31 ml 0g/min-100g-lLV. 
(16.0 * 3.12) were associated with a small transient dro 
of coronary sinus 05 content (Ccs05) followed by appro-. 
priate ACBF (14.41 + 2.6 ml/min-100g-!LV per ml of AMVOz 
During hyperperfusion, i.e. CPP fixed above autoregulatc 
range and thus steady excess CBF and Ccs02, LCSNS induce 
AMVO^ was met only by increase of coronary arteriovenous 
difference (ACa-cs02, .79 + .08 vol 09% per ml of AMV02) 
through sustained drop of Ccs0»5, (.93 + .40 vol 05% per 
of AMV02) without significant Car increase (.42 * 1.24 m 
min-100g-lLV) as long as Ccs02 remained above 6.48 + .97 
vol 02%. Similarly during hyperperfusion with fixed CBF 
no change of CPP occurred following LCSNS induced AMVO2. 
LCSNS resulted again in increase of CBF at fixed CPP or 
drop of CPP at fixed CBF after lowering Ccs0o by means c 
selective coronary arterial hypoxemia. Effect of LCSNS 
on LV dp/dt and MV02 was more marked and sustained after 
atropinization but the coronary vasomotor responses wert 
similar. Thus coronary vasodilation in response to LCS? 
occurs only when MVO, increases exceed 05 availability, 
whereas no direct effect of LCSNS on coronary vasomotor 
tone was found, when CBF was uncoupled from myocardial 
metabolic activity by hypevperfusion. | 
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ON OF ALPHA ADRENERGIC TONE TO RESTING 
_ CORONARY VASCULAR RESISTANCE IN MAN 

. Arthur E. Orlick, MD; Donald R. Ricci, MD; Paul R. 
|... Cipriano, MD; Diana F. Guthaner, 


= FACC; Donald e. Harrison, MD, FACC, Cardiology and Radiol- 
_ ogy Divisions, Stanford Univ. School of Med. , Stanford, Ca. 
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. Tn man, the role of alpha adrenergic tone in determining 


| » resting coronary vascular resistance is unknown. In or- 
ko der to demonstrate the presence of alpha adrenergic tone 
=. and to quantitate its importance, 7 denervated cardiac 

~ transplanted patients (Txpts) and 7 normally innervated 

= patients (NIpts) were studied. Changes in thermodilution 
coronary sinus blood flow (CBF), mean arterial pressure, 
_ coronary vascular resistance (CVR) and the product of sys- 
| tolic arterial pressure and heart rate (SAP-HR) were mea- 
_ sured before and after the I.V. administration of 5 mg of 
- phentolamine. All results are mean change (A)*SEM. 


ACBF(cc/min)  ACVR(mmHg/cc/min) ^ ASAP-HR(x102) 


rei 
















EU. . Tps- .-1.455.5 -.02*.04 -.92*.28 
EA L^ NIpts ' 18.1:7.4 -.17*.03 ~.33+.62 
OE P €«,05: <.01 NS 


^. The response of CVR and CBF to phentolamine was signifi- 
Eccl different between the groups, while there was no 

| difference in metabolic demand. This response to alpha 

|. blockade represented a 21% decrease in CVR in NIpts (P<.05) 
_ and a 9% decrease in Txpts (P<.1). The small change in 
CWR in Txpts may be due to blockade of circulating cate- 
^ cholamines, myogenic vasodilation, or direct drug effect. 
. In contrast, the larger change in CVR in NIpts includes 
release of resting alpha adrenergic tone. We conclude 

E» that alpha adrenergic tone is responsible for approximately 
Lo-. 128 a. weed aks coronary vascular resistance in man. 
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_ The interrelationship of metabolic and neurogenic deter- 
= minants of coronary blood flow (CBF) during tachycardia 

— in man is unknown. We studied the influence of the ad- 
^ .renergic system on the tachycardia-induced increase in 
CBF in 8 normally innervated patients (NIpts), 7 cardiac 
` transplanted patients (Txpts) and 6 NIpts premedicated 

_ with phentolamine (NIpts-PH) 5 mg I.V. We monitored 
thermodilution coronary sinus CBF and systolic arterial 

. pressure(SAP)during the abrupt onset of rapid atrial 

| pacing (RAP). We estimated metabolic demand by the prod- 
= uct of SAP and heart rate (HR). 
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| Results: Mean change, A*SEM, from control of SAP-HR(x10?) 
= and CBF (ml/min) at 5 and 20 sec after RAP: 











E N "- ; 1:5 Met. 20 sec 
xo a « ASAP-HR ACBF ASAP-HR ACBF 
".NIpts ^ -6.4:0.6  27.154.2*  5.8*0.5 57.64 6.0 
EU Ixpes . .5.8*0.9 7.343.727 5.740.9  50.0412.3 
= — NIpts-PH  4.7*0.5  10.5*4.9 4.3*0.5 35.3* 8.7 
TOM ^... *(p<0.0025 from Txpts) 
_ The larger increase in CBF in NIpts than in Txpts at 5 sec 


. Suggests neurogenic mediation, possibly by release of 

= basal alpha tone. The similarity of ACBF at 20 sec sug- 
| geste emergence of metabolic predominance. Alpha adrener- 
. gic blockade with phentolamine causes the response in 

_ NIpts to mimic that of Txpts. We conclude: 1) Neurogenic 
. mechznisms facilitate the earliest changes in CBF after 

| onset of Pacing-induced tachycardia via sudden withdrawal 
of alpha adrenergic tone; 2) Metabolic factors override 

. the neurogenic influence at about 20 sec after RAP. 





MD; Edwin L. Alderman, MD, 
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EFFECT OF EXERCISE ON CORONARY COLLATERAL FUNCTION 
Michael V. Cohen, MD, FACC; Tada Yipintsoi, MD, PhD; 


Ashwani Malhotra, PhD; James Scheuer, MD, FACC, © 
Montefiore Hosp. and Med. Ctr.-Albert Einstein Col. of | 
Med., Bronx, N.Y. | f SaR 1 23 ae P ui i 


Chronic exercise (ex) increases coronary (cor) collat- 
eral (col) flow (F) in dogs with prior cor narrowing. 

To determine the effect of ex on col circulation in dogs 
with normal cor arteries, sedentary controls (S) and 
trained (T) beagles following a 12 wk treadmill ex pro- 
gram that lowered submaximal heart rate and increased 
average gastrocnemius cytochrome C oxidase activity from 
136 (S) to 184 (T) k/min/g wet weight were studied. 
Radioactive microspheres (15u) were injected into the 
left atrium while the left anterior descending coronary 
artery (LAD) was perfused from a reservoir providing bloc 
to the coronary circulation at normal phasic flow and 
pressure and again after LAD occlusion (occl). LAD retrc 
grade F (RF) was collected, and Evans blue injected into 
the LAD cannula to identify the boundaries of the ischemi 
area. Regional F was meacured in the stained (LAD) and 
unstained (left circumflex-LCf) myocardium. Hemodynamics 
were similar in S and T. Baseline Fjcg averaged 0.95+.11 
in S and 0.76+.05 mi/min/g in T (p> 0.1). During LAD occ 
Fpcf increased by 9% in S and 13% in T, while FLAD was 

0. 38+.06 in S and 0.26+.04 ml/min/g in T (py 0.1). Thus 
col F averaged 31.7% of simultaneously measured F to nor- 
mal myocardium in T and 43.4% in S. Results were not 
affected when these col F measurements were corrected for 
the small (10-25%) contribution of non-col LCf F to the 
stained region. Col conductance (RF/aortic pressure) was 
0.032+.009 in S and 0.028+.010 in T (p)0.5}. Thus col 
function was not different in S and T. Chronic ex does 
not affect the cor col response to acute ischemia in 
beagles with previously normal cor circulations. 


INFLUENCES OF PHYSICAL CONDITIONING AND DECONDITIONING 
UPON THE CORONARY VASCULATURE OF DOGS. 

H.L. Wyatt, PhD; Jere Mitchell, MD, University of Texas, 
Southwestern Medical School, Dallas, Texas 


Although coronary heart disease is often associated with 
sedentary life habits and coronary patients are often ad- 
vised to exercise, the influences of physical activity 
upon the coronary vasculature remain unclear. Eight dogs 
were conditioned (C) by treadmill running 5 hrs/wk for 12 
wks, and 5 dogs were deconditioned (D) by confinement. in 
cages for 6 wks immediately after training. Circumflex 
artery diameter (CAD) was measured from magnified projec- 
tions of standardized coronary angiograms. Cross-section- 
al area in mm? (CSA) was calculated from CAD. Myocardial 
capillary density in caps/mm? (CD), perimeter in u (CP) 
and basement membrane thickness in À (CBMT) were measured 
by electron microscopy of ventricular septal biopsy sam- 
ples. CAD, CD, CP and CBMT were measured serially in 
each dog prior to and after C and after D. Conditioning 
caused an increase in CSA (p«0.05) and trends for in- 
creases in CD and CP. The table shows effects of decon- 


ditiening. 
CSA CD CP CBMT 
C 7.7*0.7* 841+68* 14.8+0.8* 54347 1* 
D 6.7+0.8 659+71 15.0*1.1 561261 
p«0.05 p«0. 025 NS NS 
*Mean+SEM 


The results suggest that physical conditioning may in- 
crease CSA, CD and CP, thus possibly improving myocardial 
blood supply, and that regular physical exercise may be 
required to maintain increased CSA and CD. 
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ACUTE CORONARY OCCLUSION: PROLONGED INCREASE IN COL- 
LATERAL FLOW FOLLOWING BRIEF INFUSION OF NITROGLYCERIN 
Norine L. Capurro, PhD; Kenneth M. Kent, MD, PhD; Howard 
J. Smith, MB; Roger Aamodt, PhD; Stephen E. Epstein, MD, 
FACC, National Heart, Lung, and Blood Institute, 
Bethesda, Md. 


Regional coronary flow (microsphere technique) was deter- 
mined at 10, 70, 150, and 300 min after abrupt occlusion 
of the left anterior descending coronary artery in 12 
closed-chest, sedated dogs. In 6 dogs, nitroglycerin 
(TNG), 200-400 ug/min, iv, was infused between 10 and 70 
min post-occlusion. Methoxamine (M) was administered to 
return blood pressure and heart rate to pre-TNG levels. 
Ten min post-occlusion (pre-TNG/M) collateral flow (CF) 
and ischemic zone endocardial/epicardial flow ratios 
(ENDO/EPI) were equivalent in the dogs subsequently serv- 
ing as control group C11t.03 ml/min/g; .31*.05) and 
treated group (.14*.02 ml/min/g; .29t.03). In control un- 


treated dogs, CF did not change over 5 hr (.11t.02 n1/min/ 


g at 5 hr); ENDO/EPI decreased at 5 hr (.21t.05, p<.05). 


In contrast, in treated dogs, CF and ENDO/EPI increased at 


70 min (.275.04 ml/min/g, p<.05; .53*.10, p<.05). Most 
importantly, CF remained elevated at 150 min (.375.07 m1/ 
min/g; p<.05) and at 300 min (.26*.03 ml/min/g, p<.05) 
despite the fact that treatment was discontinued at 70 
min. Hence, CF is unchanged over 5 hr of occlusion in 
untreated dogs, but short-term treatment with TNG/M re- 
sults in not only an acute but also a sustained increase 
in CF. These results suggest that TNG/M may stimulate 
the spontaneous rate at which intrinsic collateral func- 
tion increases following ischemia. Alternatively, TNG/M 
may maintain cell viability until spontaneous development 
of collaterals occurs. 


MECHANISMS OF INCREASED MYOCARDIAL COLLATERAL FLOW INDUCED 


BY NIFEDIPINE. 


L. Borda, M.D., R. Shuchleib, M.D., and P. Henry, M.D., 
Department of Medicine, Washington University, St. Louis, 
Missouri. 


Mechanisms mediating vasodilator-induced increases in col- 


lateral flow in dogs with acute coronary occlusion are 
controversial. Three mechanisms have been considered: I) 


increased collateral perfusion pressure, II) decreased re- 


sistance in the collateral bed, and III) decreased resis- 


tance in the bed supplied by collaterals ("ischemic bed"). 


To assess the vasomotor state of the ischemic bed itself 
and its responsiveness to vasodilators, we ligated the 
left anterior descending coronary artery (LAD) of open 
chest dogs (n=7) proximal to a diagonal branch (DB). A 
small electromagnetic flowmeter was placed around the DB. 
Dogs were selected in which antegrade DB-flow (supplied 
exclusively by retrograde LAD-flow) was measurable. Dur- 
ing systemic infusion of nifedipine (10ug(kg.min)-1), 60 


min after LAD-occlusion, peripheral coronary pressure mea- 


sured in the distal LAD fell from 22*4 to 14+4mmHg (+SE; 
n-7, P«.05), while antegrade DB-flow increased on average 
by 28+6%. To assess regional perfusion independently, 


tracer microspheres were injected into the left atrium im- 


mediately before (99Sr), and during sustained drug infu- 
sion before (14lce) and after (5lCr) additional ligation 
of the DB. Biopsies in the area of the DB exhibiting sub- 
stantial nifedipine-induced increases in flow (Ce-flow 
180% of Sr-flow) showed after DB-ligation increased isch- 
emia (Cr-flow=28+4% of Sr-flow), indicating that the mea- 
sured increases in DB-flow contributed to the perfusion 


of the ischemic bed and were not merely escaping into col- 


laterals. Results show that the vasomotor tone of the 
ischemic bed plays a role in limiting the collateral per- 
fusion of the acutely ischemic myocardium. 
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MONDAY, MARCH 7, 1977 
ATRIAL ARRHYTHMIAS 
PM 

3:30 to 5:30 


SA NODE RESPONSE TO PREMATURE ATRIAL STIMULATION STUDIED 
WITH MULTIPLE MICROELECTRODE IMPALEMENTS 


Gerhard Steinbeck, MD; Willem J.E.P. Lammers, MD; Maurit: 
A. Allessie, MD; Felix I.M. Bonke, MD, University of 
Maastricht, The Netherlands. 


Current knowledge about SA node response to premature 
atrial stimulation (PAS) is based on records from single 
pacemaker fibers only. In five experiments we made 
microelectrode impalements of at least 40 fibers in the 
SA nodal area of the rabbit heart. Results: 1. Plots of 
the curtailed versus the postextrasystolic cycle (PEC) o 
the dominant pacemaker fibers showed a shortening of the 
PEC after premature discharge in each experiment. The mo 
a fiber was located away from the pacemaker center towar 
crista terminalis, the more its PEC became prolonged. 

2. Lines of collision between antegrade and retrograde 
activation front were constructed for different 
prematurities of atrial stimulation. Maps revealed that 
when the ectopic wave had approached the pacemaker cente 
up to 0.5 mm, eiectrotonic influence of the dominant 
pacemaker fibers became apparent. 3. Sinoatrial conducti 
pathways during antegrade and retrograde conduction are 
fairly the same; however, conduction velocity during 
retrograde impulse propagation is increased. 


Conclusion: evaluation of the whole SA node area disclos 
a striking similarity of the response to PAS in each 
experiment. Hence, controversial results hitherto being 
reported are not caused by variation in preparations use 
Instead, they are due to selectiou of fibers differing i 
location with respect to the dominant pacemaker. 


PATHOLOGICAL FINDINGS IN YHE SINO-ATRIAL 
REGION OF PATIENTS WITH ATRIAL ARRHYTHMIAS 
Jean-Claude Demoulin, MD, ard Henri E. Kulbertus,N 
FACC, University of Liege. Liege. Belgium. 


26 hearts from patients (pts) aged 50 or over, with 
overt cardiac disease were studied histologically. l4p 
were in sinus rhythm (SR), 6 had sustained atrial fibri 
lation and 6 evidence of sino-atrial disease (SAD), The 
pathological findings of the sino-atrial region may be 
summarized as fotlows : (table 1). 


Table 1 SR (14) AF (6) SAD ( 
(Sub)-total destruction of 3 5 5 

SA node 

Interruption of nodo-atrial  — A EE AETAT T 
junctions 

Severe pathological changes of 4 5 ¢. | 
nerves and ganglia 

Diseased SA node artery 5.7 «2 ey PU 
Severe fibrosis ^ diffuse... 4 . 44, Qu 
of atrial wall with scars 5 l 5 


It is concluded : 1) that pts with extremely severe SA r 
de or atrial pathological alterations may still remain i 
SR ; 2) that a diseased SA node, together with a fibroti 
atrial myocardium appear as predisposing, if not nece 
sary. factors in sustained AF; 3) that, in addition to m 
dal lesions, interruption of nodo-atrial junctions and r 
latively large scars in the atrial myocardium are im- 
portant features of SAD. They may account for the va- 
rious forms of sino-atrial block and the high incidence 
of paroxysmal atrial tachycardia which are encountere 
in the latter clinical entity. 


= inde 





CUM THE RESPONSE OF PAROXYSMAL ATRIAL TACHYCARDIA TO 
i INCREASED VAGAL DRIVE.  . 

iss Menashe B. Waxman, MD; Howard M. Staniloff, MD, Robert 
Bor mate MD, Toronto General Hospital, Toronto, Canada. 


"e 


the response of paroxysmal atrial tachycardia (PAT) to 

| increased vagal drive (IVD) was assessed in 70 patients. 

PAT was defined as a regular supraventricular tachycar- 
E .dia between 140-210 beats/min presenting with 1:1 atrio- 
Rear ventricular conduction. IVD was induced by: 
|^. sinus massage, (2) valsalva manoeuver (post-release 
ux phase), (3) tensilon, 10-20 mg, IV, (4) phenylephrine, 
ET. 1-2 mg, IV. These interventions were used sequentially 
.. and in combinations, the target endpoint being a break in 
the tachycardia. Three responses were observed. A) In 
.58 patients IVD transiently slowed and then abruptly ter- 
“minated the tachycardia without prior AV block.  Endocar- 
dial mapping showed retrograde atrial activation during 
PAT in these patients. B) In 8 patients IVD produced 
transient AV block without altering the atrial rate. C) 
.In 4 patients IVD caused AV block first and then abrupt 
- termination without changing atrial frequency. In pa- 
tients in Groups B and C endocardial atrial mapping and 
= surface P wave morphology were identical during PAT and 
I sinus rhythm. PAT appears to be of at least 3 varieties. 
= The first and commonest type involves the AV junction and 
_ breaks with IVD without prior AV block. The second type 
TIS: not sustained within vagally sensitive structures such 
.as the SA node or the AV junction as it is not depressed 
by IVD. The third type likely involves SA nodal tissue 
which explains why it may block first but then ultimately 
breaks. 


D» 


war Ls 
wi * or 
reuera 

cum 


= 
pa 


ri 
IP 
-———— A 


-A 


SEE 


= 
4 S 
A => 
B 


^w 


Lun 
jv 


es 


ici 


| a) 


ate 


3 7s 


"c 
- 


E TA 


i 
v 


7 . CLINICAL, ELECTROCARDIOGRAPHIC, AND ELECTROPHYSIOLOGICAL 
_ OBSERVATIONS IN PATIENTS WITH PAROXYSMAL SUPRAVENTRICULAR 
TACHYCARDIA 

. Delon Wu, MD, FACC; Pablo Denes, MD, FACC; Fernando 

| Amat-y-Leon, MD, FACC; Christopher Wyndham, MD; Ramesh 

E Dhingra, MD, FACC; Kenneth Rosen, MD, FACC, University of 

A Illinois, Chicago; Illinois. 

à Sixty-five patients (pts) without manifest preexcitation, 
but with electrocardiographically documented paroxysmal 
supraventricular tachycardia (PSVT) were analyzed. Elec- 

E trophysiological studies suggested A-V nodal reentry 
Y. (AVNR) in 38 pts (592), reentry utilizing a concealed Kent 

— bundle (CKBR) in 8 pts (122), sinus or atrial reentry 

E (SAR) in 5 pts (8%), and ectopic atrial or His bundle 

pacemakers in 4 pts (62). A PSVT mechanism could not be 

_ defined in 10 pts (15%). AVNR, CKBR, and SAR (pts and 


-.PSVT) were compared in regard to mean + SD age, presence 


a 
- msec (CL), functional bundle branch block during PSVT 
TM FBBB), and relationship of P and QRS during PSVT (P 
s before QRS - PB, P during QRS - PD, P following QRS - PF). 
s results were as follows: 

Age + OHD PSVI CL + FBBB PB PD PF 
Z - AVNR- 5714 15/38(392) 371+11* 1/38(3%) lr0294e—. 3D 
- CKBR 40+20* 1/8(132)*  315-40* 7/8(882)* 0 1 7* 
SAR 56+12 5/5(100%)* 436+46* 0/5(0%) 5* 0 0 
— p* «0.01 «0.01 « 0.05 « 0.01 * 0.05 


Co In conclusion, a PSVT mechanism could be defined in most 
ED pes, with AVNR being most common. AVNR was characterized 
E by intermediate PSVT rate, narrow QRS, and PD. CKBR was 

~- characterized by young age, absence of OHD, fastest PSVT, 
. FBBB during PSVT, and PF. SAR was characterized by fre- 
S; quent OHD, EEG PSVT, narrow QRS, and PB. Observation 
of elinicu] andpelect votatalouraphic features of pts with 
|. PSVT should allow prediction of PSVT mechanism. 







y 


Of organic heart disease ( + OHD), PSVT cycle length in 
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EFFECT OF DIGOXIN ON SINUS NODE RECOVERY TIME AND RESTING 
AND POST-EXERCISE HEART RATES IN PATIENTS WITH SICK SINUS 
SYNDROME 

Zakauddin Vera, MD; Sherif Mokhtar, MD; Richard R. Miller 
MD, FACC; James E. Price, MD; Dean T. Mason, MD, FACC, 
University of California, Davis, California 


There is unsubstantiated clinical impression that digoxin 
(D) adversely affects heart rate (HR) in patients (pts) 
with sick sinus syndrome (SSS). In nine SSS pts, ages 47. 
78 years, maximal treadmill test (MTT), 24 hours ambulato: 
Holter monitor (AHM) and sinus node recovery times (SNRT) 
were obtained by the method of rapid right atrial Pacing. 
The pts then received 0.04 mg/Kg of D over 24 hours, seru 
D levels were drawn and MTT, SNRT and AHM repeated. 

Hourly HR average before D was 3425 + 247 (SEM) and 
although showed considerable increase to 3668 + 163 after 


D, the increase was not statistically significant (p>0.05° 
HR 
——— M —— MM 22999 240412 300€ FIGS! £60/5  2529( 


2652 2175 4166 3536 3719 4082 4337 2873 3291 
DAE 3060 2993 4240 3844 3804 4412 3560 3753 328: 


Maximum HR on exercise (114 + rS. showed nonsignificant 
increase (p>0.05) after D (119 + 57). Corrected (C) SNRT, 
(714 + 179), showed a nonsignificant decrease (565 * 119) 
after D (p>0.05). 


Control 
CSNRT 530 2065 440 870 515 780 500 490 24( 


P 


Post D 
CSNET 290 395 340 970 580 740 250 1260 26€ 


From these observations it is concluded that digoxin has 
no significant adverse effects on sinus mechanism in SSS. 
Therefore, contrary to present clinical impressions dig- 
oxin appears to improve resting heart rate, sinus node 
recovery time and hourly heart rate in patients with the 
sick sinus syndrome. 


RE-ENTRY IN BACHMANN'S BUNDLE AS THE MECHANISM OF 
PARCXYSMAL SUPRAVENTRICULAR TACHYCARDIA. FURTHER 
EVIDENCE FOR DUAL ATRIAL PATHWAYS 

Satoshi Ogawa, M.D.; Leonard S. Dreifus, M.D., F.A.C.C.; 
Mary Jane Osmick, Lankenau Hospital, Philadelphia, Pa. 


A recent study has identified dual atrial pathways in the 
genesis of sinus node re-entry. We studied the spread of 
of activation with Bachmann's bundle (BB), using the 
extra stimulus method in 9 dogs, to provide further evi- 
dence for functional dissociation in the preferential 
tracts as a mechanism of paroxysmal supraventricular 
tachycardia (SVT). Premature stimuli were introduced in 
the ieft atrial portion of BB (HLA) and recordings were 
made from HLA, sinus node region (HRA) and both appendages. 
In 6 of the 9 dogs, achievement of critical delay in the 
interatrial conduction time (HLA-HRA interval, 30 - 90 
msec} resulted in echo beats with a similar activation 
sequence to that of HLA paced beats (HLA9HRA). In 3 of 
these 6 dogs, the HLA-HRA interval was abruptly increased 
from 25 to 50, 50 to 90, and 15 to 50 msec, respectively 
(with 10 msec decrement of coupling interval) at the 
critical coupling intervals accounting for the discon- 
tinuous HRA,-HRA> vs HLA;-HLA. curves, suggesting fast 
and slow conduction pathways with BB. Slow pathway 
conduction exclusively resulted in SVT initiated in the 
HLA. In conclusion, BB could undergo functional dis- 
sociation as evidenced by dual atrial pathway curves and 
BB re-entry appears to be one of the mechanisms of SVT. 
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THE EFFECTS OF CHANGES IN EXTRACELLULAR pH ON SINO-ATRIAL 
CONDUCTION. William J. Mandel, MD; FACC; Iwao Yamaguchi, 
MD, Cedars-Sinai Medical Center, Los Angeles, California 


Clinical evidence suggests a relationship between 
alterations in pH and and atrial arrhythmias. This study 
was designed to evaluate the effects of pH changes on 
sino-atrial (SA) conduction. Studies were performed in 
seven isolated rabbit sinus node (SN) preparations using 
standard microelectrode technique and premature atrial 
stimulation. Bath pH was altered using changes in pC05 
or [HC037] at 3 test ranges: 7.2, 7.4 and 7.6. Signifi- 
cant increases in the cycle length occurred as the pH 


decreased with either changes in pCQ2 or [HCO3-] (p«0.05). 


Retrograde 'conduction time (RCT) prolonged as the pH de- 
creased with [HCO4]; no significant changes in RCT oc- 
curred with changes in pCO0;. Antegrade CT decreased 
significantly as the pH decreased with changes in pCO, or 
[HC047] (p«0.05). Total measured CT decreased as the pH 
increased for both changes in pCO, (7.2, 48.9+2.8 msec; 
7.4, 45.6+1.8 msec; 7.6, 42.4+1.9 msec; M+SEM; p<0.05) 
and [HC047] (7.2, 59.2+6.8; 7.4, 52.526.5; 7.6, 44.7+4.4; 
p«0.05). Estimated CT (ECT) was not altered but the 
break point (BP) shifted to the right as the pH increased 
with pC0;. ECT was maximal at pH 7.4 and decreased as 
the pH shifted with [HCO;~] changes; BP was lowest at pH 
7.4. 


In conclusion, alterations in pH produce predictable 
changes in measured SA CT and SN cycle length but pro- 
duced variable effects on ECT. 


Mechanisms of tachycardia observed during programmed 
electrical stimulation of the heart in 139 patients 
with the Wolff-Parkinson-White syndrome. 


Hein J.J.Wellens, M.D.,F.A.C.C.,University Dept. of 
Cardiology. Wilhelminagasthuis,Amsterdam.The Netherlans. 


Using programmed electrical stimulation of the heart 
139 patients (pts) with tne Wolff-Parkinson-White 
syndrome were studied. A regular tachycardia (t) could 
be initiated in 114 pts. In 87 pts the t pathway 
consisted of: Atrium-AV node-His bundle-Ventricle- 
Accessory pathway. Fifteen different modes of initiation 
of this type t could be identified (6 during atrial 
pacing, 8 during ventricular pacing and one during sinus 
rhythm without triggering premature beat (pb)). In 3 
pts the site of origin of t was in the atrium (in 2 
initiated by an atrial pb, in one by a ventricular pb). 
In 8 pts the t was confined to the AV node. In one 
patient ventricular t could be initiated both by & single 
atrial pb and a single ventricular pb. In 15 pts site of 
origin of t could not be identified. 

"ive different mechanisms of initiation of atrial 
fibrillation were observed: 1) a single atrial pb 2) a 
single ventricular pb 2) rapid atrial pacing 4) rapid 
ventricular pacing 5) deterioration of circusmovement t, 

Mechanisms of initiation of t were affected by basic 
pacing rate and the administration of drugs. 


MONDAY, MARCH 7, 1977 
PEDIATRIC ECHOCARDIOGRAPHY 
PM 

3:30 to 5:30 


ECHOCARDIOGRAPHIC ASSESSMENT OF CARDIOVASCULAR FUNCTION 
IN PERSISTENCE OF THE FETAL CIRCULATION SYNDROME AND THE: 
NORMAL NEWBORN. Thomas Riggs, M.D., Stephen Hirschfeld, 
M.D., Avroy Fanaroff, M.D., Richard Meyer, M.D. and 
Jerome Liebman, M.D., FACC, Case Western Reserve Univer- 
sity, Cleveland, Ohio 44106. 

Right (RV) and left ventricular (LV) systolic time in- 
tervals (STI), measured from pulmonic and aortic cusp 
echograms in children, havé demonstrated that increased 
right pre-ejection period/right ventricular ejection time 
(RPEP/RVET) indicated elevated pulmonary artery pressures 
(PAP) and pulmonary vascular resistance (PVR), while in- 
creased left pre-ejection period/left ventricular ejec- 
tion time (LPEP/LVET) suggested poor LV contractility. 
Sequential RV and LVSTI were measured in 38 term neo- 
nates to determine if RPEP/RVET reflected the postnatal 
fall in PAP and PVR and LPEP/LVET indicated LV dysfunc- 
tion after removal of the low resistance placental cir- . 
cuit. Normal values were compared to STI in 10 infants 
with persistence of the fetal circuiation (PFC) to detect 
abnormalities of PAP, PVR and LV function. Mean RPEP/RVET 
of normal infants decreesed over the first 48 hours of 
life (0.39-0.28), paralleling the fall in postnatal PAP 
and PVR. In PFC, mean RPEP/RVET (0.58) was significantly 
elevated (p<0.001) but decreased to the normal range if 
the clinical status improved. Catheterization data were 
available in 3 PFC infants and confirmed elevated PAP and 
PVR. Normal mean LPEP/LVET (0.37) showed insignificant 
variation with age, but 20% had values suggesting impair- 
ed LV function. Sixty percent of PFC infants had values 
suggesting LV dysfunction. We concluded (1) RPEP/RVET 
reflected normal postnatal pulmonary circulatory changes; 
(2) Increased RPEP/RVET was consistent with the elevated 
PAP and PVR present in PFC and decreased with cJinical 
improvement; (3) LPEP/LVET indicated LV dysfunction in 
many normal and most PFC neonates. 


NON-INVASIVE ASSESSMENT OF PULMONARY ARTERY PRESSURE IN 
CHILDREN WITH COMPLETE RIGHT BUNDLE BRANCH BLOCK 
Gregory L. Johnson, M.D., Richard A. Meyer, M.D., Joan 
Korfhagen, RDMS, Samuel Kaplan, M.D., FACC, Univ. of 
Cincinnati, Cincinnati, Ohio 

Serial non-invasive assessment of pulmonary artery 
(PA) pressure has not previously been possible in patien! 
with complete right bundle branch block (CRBBB). Routini 
postoperative evaluation of patients with CRBBB and 
suspected pulmonary hypertension would be facilitated by 
such assessment. We evaluated echographically the time 
interval between tricuspid valve closure (Tc) and pulmon 
valve opening (Po) within 24 hours of catheterization in 
49 children (age 2 mo-24 yr) without CRBBB. A strong 
positive correlation (r - .80) was demonstrated between 
pulmonary artery end-diastolic pressure (PAEDP) and 
isovolumic contraction time (ICT) defined by the Tc-Po 
interval. Significant, but less positive, correlations 
were also demonstrated between ICT and mean pulmonary 
artery pressure (MPAP) and calculated pulmonary vascular 
resistance (PVR). It was also possible to utilize PCE n 
separate patients with normal and elevated PAEDP.  Four- 
teen children (age 3 mo-20 yr) with CRBBB were similarly 
evaluated. Again, a significant positive correlation wa 
demonstrated between ICT and PAEDP (r = .82), as well as 
with MPAP and calculated PVR. Utilizing the criteria 
derived from the data in patients without CRBBB, it was 
also possible to separate those patients with normal 
PAEDP from those with elevated PAEDP. We believe serial 
echographic evaluation of the Tc-Po interval can give an 
accurate, reproducible assessment of PA pressures, and 
hence pulmonary hypertension, in the presence of CRBBB. 
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|. outflow tracts (RVOT, LVOT), 40 patients (age 1 wk - 19 
~ yrs) with forms of congenital heart disease were examined 


T A modified 
|. sagittal image obtained with the scanner in the SSN and 
oriented to sector a plane between the right nipple anter- 
^. dorly and the left scapular tip posteriorly provided views 
_ Of the ascending aorta, transverse aortic arch, right pul- 
|. monary artery (RPA) and proximal descending aorta (DA), as 
= well as the origins of the left carotid and left subcla- 

^ vian arteries (LCA, LSA). In 8 of 9 patients with coarc- 
| tation, constriction of the DA was observed in the usual 

. location distal to the LSA. In 2 of these patients, long 
se ment, isthmic and LSA involvement was correctly predic- 
ted. Angling of the scan plane slightly towards the left 
= imaged the distal main pulmonary artery (MPA) and the ori- 
— gin of the left pulmonary artery (LPA). Persistent imag- 
—. ing of prominent pulmonary valve echos in systole in this 
|^. view was observed in 5 of 6 patients with tetralogy and 

= in 4 others with isolated pulmonary valve stenosis. Com- 
^— bining the two views, MPA, RPA and LPA size and configura- 
« tion could be imaged for evaluation of hypoplasia or post- 
' ..stenotic dilation. The SSN examination techniques were 
D tolerated well by children and infants without significant 
^ - discomfort and provided diagnostic imaging of anatomy not 
_ previously evaluated by cross-sectional echocardiography. 
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... RCHOCARDIOGRAPRIC ASSESSMENT OF THE LEFT VENTRICULAR 
_ OUTFLOW TRACT IN D-TRANSPOSITION OF THE GREAT ARTERIES 
. Kalim U. Aziz, MD; Milton H. Paul, MD, FACC; Alexander J. 
- Muster, MD, FACC; Allen Wilson, MD, The Children's 
_ Memorial Hospital, Chicago, Illinois 


_ The left ventricular outflow tract (LVo) in 38 d-transpo- 
^ sition patients (d-TGA), 14 with VSD, age 0.3-13 yrs. was 
—  quantitated by echocardiography: (ECHO) and correlated with 
hemodynamic and angiographic data. 31/38 patients had Mus- 
|. tard operation; 8 with VSD closure and 2 with LVo resec- 
-. tion. The LVo dimension was measured on ECHO between the 

~ mitral valve at "C" point and the septum and expressed as 
... LVo/PA (pulmonary artery) ratio. Three groups were recog- 
= nized. Group I, (8/38) with fixed obstruction and severe 
eg Vo pressure gradient was characterized on angiograms by 

~ diserete ridge or long segment narrowing and on ECHO by 

i narrowed LVo with reduced LVo/PA ratio and marked flutter 
= of pulmonary valve (6/8). Group II (15/28) showed dynamic 
' obstruction with mild to moderate LVo pressure gradient, 

= characterized on angiogram and ECHO by septal bulge, sys- 
= tolic anterior motion of the mitral valve and additionally 
- .. (ECHO) by mid systolic closure of pulmonary valve (10/15). 


Bes had features of both fixed and dynamic obstruc- 


- 


-- tion. Group III (14/38) had no significant LVo gradient 
but the LVo dimension was comparable to group II and was 

_ relatively narrow compared to normal controls (LVo/Ao 

— ratio = 0.88 t .06). This narrowing,due to septal bulge, 
= may account for the minimal LVo gradients. In d-TGA ECHO 
helps in evaluation of the type and severity of LVo steno- 
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APEX ECHOCARDIOGRAPHY: A NEW METHOD FOR DETECTING CON- 
GENITAL HEART DISEASE USING AN 80? PHASED ARRAY REAL- 
TIME TWO-DIMENSIONAL SECTOR SCANNER EREN 
Norman H. Silverman, MD, FACC; Nelson B. Schiller, MD, 
FACC, University of California, San Francisco, Ca. 


We have evaluated the use of apex echocardiography in 4C 
children with congenital heart defects using an 80° cros 
sectional echograph. With the patient lying with the le 
side dependent, the transducer is placed over the apex c 
the heart and cross-sectional images obtained in the pla 
perpendicular to the interventricular septum and through 
the orifices of the mitral and tricuspid valves. In thi 
view the chambers are side by side, both atria and ventr 
cles; similar to the clavicular hepatic (hemiaxial) vie 
used for coronary arteriography. The interatrial and in 
terventricular septa and both atrioventricular valves ca 
be seen and their relationship to the central fibrous bo 
defined. The absolute and relative chamber sizes can be 
measured. The ventricle which forms the apex of the hea 
cam be seen. Defects in the region of the interatrial a 
interventricular septa can be demonstrated and the pre- 
seace of interventricular septal aneurysms defined. In 
the atrial chambers we have demonstrated the membrane of 
cor triatriatum in the left atrium, and after Mustard's 
operation, the presence of the inferior limb of the baff 
within the left atrium. The displacement of the tricusp 
valve in Ebstein's anomaly has been identified. With 
appropriate transducer placement over the apex of the 
heart in meso or dextrocardia where single ventricle com 
plexes are considered, this technique offers additional 
information concerning the presence of the interventricu 
lar septum. We consider this view to be an important ad: 
ition in the routine evaluation of infants and children 
with congenital heart disease who are undergoing cross 
sectional echocardiography. 


THE LEFT ISOVOLUMIC CONTRACTION TIME IN LEFT TO RIGHT 
SHUNTS--Aluizio Stopa, M.D., Richard A. Meyer, M.D., Joan 
Kor*hagen, RDMS, Samuel Kaplan, M.D., FACC, Univ. of 
Cincinnati, Cincinnati, Ohio Ait on 

The echographic isovolumic contraction time (ICT) of 
the left ventricle (LV) was measured in order to differen 
tiate patients with ventricular septal defect (VSD) from 
patients with patent ductus arteriosus (PDA). The ICT 
was defined as the interval between mitral valve closure 
(QMc) and aortic valve opening (QAo) (ICT-QAo-QMc). Thre 
groups of patients were evaluated: 1) normal (48) age 2 
weeks to 18 years; 2) VSD (23) age 2 months to 11 years, 
proved to have large left to right shunts (52:1) by car- 
diac catheterization; 3) PDA (19) age 3 months to 13 year: 
proved to have moderate to large left to right shunts.. 
Ten of the patients with PDA were studied postoperatively 
In normal children the ICT shortened with decreasing age 
and increasing heart rate. ICT was more strongly in- 
fluenced by heart rate (HR) and could be expressed by the 
relationship, ICT (msec)=53-0.22 HR (r=0.61). The mean 
ICT of the normal group was 29+9 msec at a mean heart rat: 
of 107427. The ICT in patients with VSD were normal 
3446.7 msec at a mean H.R. 107) whereas, in patients with 
PDA there was a significant decrease in ICT mean 18+7.6 
msec at a mean H.R. 107 (p<0.0001). The ICT in the 10 
patients following ligation of their PDA was 36.5+10.8 | 
msec at a mean H.R.:107 and was not signicantly different 
from VSD or normal. There were no significant difference: 
in the QMc interval in all groups studied. We postulate 
that the reason for a decrease in ICT in patients with PD 
is @ decrease in peripheral vascular resistance which al- 
lows an earlier opening of the aortic valve. Thus, the 
echocardiographic evaluation of LVICT permits a differen- 
tiation of VSD from PDA. In addition, this technique may 
provide a way to assess systemic vascular resistance © 
non-invasively. : 
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CORRELATION OF ULTRASONIC AND MORPHOLOGIC CARDIAC 
MEASUREMENTS. 

Edward B. Clark, MD; Glenn C. Rosenquist, MD, FACC 
University of Nebraska Medical Center, Omaha, Ne. and 
The Johns Hopkins Hospital, Baltimore, Md. 


Comparisons of angiocardiographic and ultrasonic cardiac 
dimensions have demonstrated statistically significant 
correlation of these two techniques. However, these corr- 
elations have not been extended to gross specimens, and 
therefore the relationship of the echocardiographic meas- 
urements to anatomic data has not been established. We 


recently studied heart specimens in 14 infants and child- : 


ren (1 day to 12 years of age) with a variety of congeni- 
tal heart lesions, in whom echocardiograms (SKI Ecoline 
20A, Honeywell Visicorder) had been performed less than 2 
weeks before death. Specimens had been perfusion-fixed 


with 10% formalin and transferred to Kaiserling's solution. 


The following measurements were made in duplicate on the 
specimens and echotracings: thickness of interventricular 


septum and left ventricular wall at end-diastole (IVS, LW) 


and anterior and posterior great vessel annular diameters 
(AGV, PGV). Anterior and posterior mitral leaflet excurs- 
ions (AML, PML) on the echotracings were compared with 


leaflet widths in eacn specimen. The following correlation 


co-efficients were calculated: AGV .97; PGV .82; PML .82; 
IVS .77; LVW .68 and AML .64. demonstrating satisfactory 


correlations, better in fibroelastic tissue (aorta, pulmon- 


ary artery and postericr mitral leaflet) than muscular 
structures (interventricular septum or left ventricular 


wall). We conclude that clinicians can rely on echocardio- 


graphy for measurement of cardiac morphology. 


A NEW ECHOCARDIOGRAPHIC INDEX OF CARDIAC PERFORMANCE IN 
CHILDREN 


"Gerald A. Serwer, M.D., Page A. W. Anderson, M.D., and 
Wesley G. Vick, B.S. Duke University Medical Center, 
Durham, N. C. 


A new index of cardiac performance not requiring measure- 
ment of left ventricular (LV) ejection time is the mean 
rate of change of the left ventricular dimension (ALVD) 
defined as the difference between the LV diastolic and 
the minimum systolic dimensions divided by the time be- 
tween onset of QRS and the occurrence of the systolic 
dimension. ALVD together with the mean velocity of 
circumferential fiber shortening (mean VCF) and the LV 
preejection period/LV ejection time ratio (PEP/LVET) 

were determined in 50 normal children (N) and in 10 
children with a cardiomyopathy (C), ages 1 year to 15 
years. ALVD of the N group (5.04 to 6.51 cm/sec., mean 
5.65 cm/sec.) did not overlap the values of ALVD of the C 
group (1.37 to 4.58 cm/sec., mean 3.17 cm/sec.). In con- 
trast, the mean VCF in the N group (0.90 to 2.47 circ/sed 
overlapped with the mean VCF values of the C group (0.31 
to 1.21 circ/sec.) No falsely elevated values for ALVD 
were present as was the case for the mean VCF. ALVD was 
also independent of both age and heart rate while the 
mean VCF was influenced by heart rate. ALVD in both 
groups was inversely linearly related to,PEP/LVET, R=0.87, 
j.e., the smaller PEP/LVET, the greater ALVD. ALVD is an 
accurate sensitive, easily measured index not influenced 
by age or. heart rate which clearly distinguishes the 
normal from the myopathic heart. Its use allows frequent 
and reliable evaluation of cardiac performance in 
children. 
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RELATIONSHIP BETWEEN CHANGES IN MYOCARDIAL CARBON DIOXIDE 
TENSION DURING ISCHEMIC ARREST AND POSTARREST VENTRICULAR 
FUNCTION. 

Hartzell V. Schaff, M.D.;John T. Flaherty, M.D. ; Richard 
Dombroff, M.D.;James S. Donahoo, M.D. ;Richard A. Goldman, 
B.A.;and Vincent L. Gott, M.D., The Johns Hopkins 
University, Baltimore, Maryland. 

To determine if changes in myocardial gas tensions during 
one hour of ischemic arrest could predict postarrest 
ventricular function, 32 isolated isovolumic feline heart 
were studied, before, during, and after one hour of aorti 
cross clamping. The severity of ischemia was modified by 
the addition of hypothermia and/or potassium cardioplegia 
(KCl). Normotheruia (37°C) was maintained in 16 hearts, 8 
without KCl (NA) and 8 with KCl (NA*KCl). Hypothermia 
(27°C) was maintained in 16 hearts, 8 without KCl (HA) an 
8 with KCl (HA+KC1). Myocardial oxygen and carbon dioxide 
tension (PniCO^) were measured by mass spectrometry. Maxi- 
mum developed'intraventricular pressure (max DP) and max 
dP/dt were used as indices of ventricular performance. 
Results are expressec as mean * SEM (*=p <.05 vs NA, **= 
p<.05 vs HA). 


Peak PmCO5 during Max DP Max dP/dt 

arrest (mm H ($ control) (% control) 
NA 342 * 18 36 * 6 43 4 7 
NA+KC1 293 + 9* BO: 4) 7 69 + 12 
HA 232 + 11 64 + 10 80 + 12 
HA+KC1 119 + 8** 96 + 6** 99 + 5 


Linear regression analysis revealed that recovery of con- 
tractility in the reperfusion period correlated inversel) 
with the level to which PmCO, rose during global ischemi: 
R=0.7310 (max DP vs peak PmCO,) Potassium cardioplegia a 
27°C hypothermia act synergistically to reduce the peak 
PmCO, and improve postarrest myocardial function by redu 
ing rates of myocardial metabolism and thus the accumula 
tion of metabolic end products. 


SUCCESSFUL PERIARTERIAL MUSCLE RESECTION FOR MYOCARDIAL 
BRIDGING AND MILKING EFFECT OF THE LEFT ANTERIOR DE- 
SCENDING ARTERY 

Jacques Noble, MD, Pierre Grondin, MD, and Martial G. 
Bourassa, MD, FACC, Montreal Heart Institute, Montreal, 
Quebec, Canada. 


Recently we reported that the association of angina-like 
chest pain and myocardial bridging (MB) with milking ef- 
fect (ME) of the proximal third of the left anterior 
descending (LAD) artery was a rare syndrome leading to 
ischemic heart disease without coronary atherosclerosis. 
We showed that a systolic constriction greater than 752 
a segment of the LAD observed at coronary angiography 
resulted in significant obstruction with typical angina 
and anterior wall ischemia during pacing-induced tachy- 
cardia. Three patients previously performing heavy work 
were incapacitated by typical angina (class III of the 
New York Heart Association) for at least one year before 
investigation. The preoperative hemodynamic and angio- 
graphic studies showed a typical ME or constriction 
greater than 80% during systole of the LAD with otherwis 
normal coronary arteries. The operative indication was 
based upon clinical severity of angina and significant 
ischemic ECG changes during atrial pacing or exercise 
testing. Each patient underwent a surgical periarterial 
muscle resection of the MB on the LAD under extracorport 
circulation and hypothermia. Coronary arteriography per- 
formed 10 days to 3 months after an uncomplicated post- 
operative period demonstrated complete release of the 
systolic obstruction and a normal LAD. Follow-up at thre 
months confirmed relief of chest pain and disappearance 
ischemic ECG changes. We conclude that patients severely) 
incapacitated with MB and ME greater than 75% can benef: 
from a periarterial muscle resection to decompress the 
squeezed LAD artery. 
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~ W. Dudley Johnson, MD, FACC; James F. Hoffman, Jr., MD; 


= 'in 2 or more areas) 19 patients. 


13 
rae 
ae < 
FN 


- — SURGERY: 


after CABG surgery. 
“gross and histologic examination of the 53 hearts showed 


1 


(34%) patients after CABG surgery. 


` 


- MYOCARDIAL REVASCULARIZATION IN THE ABSENCE OF CARDIAC 
SYMPTOMS 


. Richard T. Shore, MD; St. Mary's, St. Luke's, Mt. Sinai, 
 .Deaconess Hospitals, Milwaukee, Wisconsin 


The relationship between symptoms and death in coronary 

| disease is notoriously inaccurate. From the beginning 
Of bypass surgery some patients were selected for surgery 
who had no cardiac type symptoms, but who were judged to 
have critical stenotic lesions. From August, 1972 


_ through June, 1976, 88 patients were operated who fit 


this category. Catheterization reports, surgical consult 
notes and the admitting H & P were all reviewed and 
patients were excluded if symptoms were reported by any 
interviewer. Any "asymptomatic" patients on medicine 
were excluded. Heart disease was discovered on routine 
physical exam or EKG (12 patients), sought medical 
attention for another problem (19 patients), just didn't 
feel good (15 patients), bad family history (l patient 
only), and myocardial infarction with no subsequent 
symptoms (39 patients).  Fifty-eight patients had 3 
vessel disease, 25 had 2 vessel disease, and 5 had single 
artery disease.  Ventricular function was distributed as 
follows: Class I and II (normal ventriculogram or mal- 
function in l area) 69 patients; Class III (malfunction 
Followup was 100%. 
There was 1 surgical and 1 late death (2.3%). Four 
patients (5%) report subsequent hospitalization for a 
heart problem. No patients have required further surgery, 
none are known with all grafts closed. Employment status 
has improved from 72% preoperatively to 81% postoperative- 
ly. We are not aware of any medical series of comparable 
type patients for comparison. We continue to feel that 
coronary anatomy, independent of symptoms, should be a 
major factor in the selection of patients for surgery. 


MYOCARDIAL CONSEQUENCES OF CORONARY ARTERY BYPASS GRAFT 
A CLINICOPATHOLOGIC STUDY OF 53 PATIENTS 


Bernadine H. Bulkley, MD,and Grover M. Hutchins, MD, Fhe 


Johns Hopkins Medical Institutions, Baltimore, Maryland 


Myocardial infarction after coronary artery bypass 
graft (CABG) surgery has been described clinically in up 


- to 30% of patients but there is little morphologic infor- 
- mation about the character and pathogenesis of these myo- 


cardial lesions. To evaluate the effect of this procedure 
upon myocardium in the distribution of both the bypassed 


- and non-bypassed coronary arteries we studied 53 autop- 


sied patients from this institution who died «1 month 
Postmortem coronary arteriography, 


that: (1) operation related necrosis consisting of circum- 


_ ferential foci of contraction band necrosis was present 
..to some degree in 46 (87%) patients, mostly involved sub- 


endocardium but in 5 (9%) patients was transmural; (2) 
transmural necrosis related to a CABG was present in 13 
(252) patients and was of 2 types--contraction band 
necrosis in the distribution of a bypassed coronary artery 
in 9 (17%) patients, each of whom had patent CABG's; 


-Coagulation necrosis in the distribution of a CABG in 4 
^ TO. in each of whom the grafts were occluded. 


Thus, transmural myocardial infarction developed in 18 
Only 4 of these 18 
‘infarcts (22%), however, were due to graft or intrinsic 
coronary artery occlusion; the other 14 (782) infarcts 


~ reflected prolonged myocardial ischemic in the distribu- 
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tion of a critically stenosed coronary artery unrelated 


to revascularization. The results suggest that inade- 
quate myocardial support procedures, rather than graft 
or intrinsic CA occlusion, account for the majority of 
operation related myocardial infarcts associated with 
CABG surgery. 
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BENEFICIAL EFFECT OF PATENT CORONARY BYPASS GRAFTS ON 
RESTING LEFT VENTRICULAR FUNCTION 

Nelson M. Wolf, MD, Thomas H. Kreulen, MD, FACC, Alfred 
A. Bove, MD, FACC, James F. Spann, MD, FACC, Gerald M. 


Lemcle, MD, FACC, Temple University Hospital, Phila., PA 
19140. 


The effect of coronary bypass grafts on left ventricular 
function was evaluated by analyzing preoperative (preop) 
and postoperative (postop) biplane, 60 frames/second 
ventriculograms from 37 patients restudied 13 + 1 months 
postop. Ejection fraction (EF), percent shortening (S), 
mean (Vcf) and maximum (mVcf) segmental shortening rates 
in 3 regions (anterior, inferior and posterolateral) wer 
compared. Regions with patent grafts were divided into 
preop normal and preop asynergy as defined by S from 11 
normal patients. Aortic pressure and heart rate were 
unchanged and LVEDP increased by 2 mm Hg. in all groups. 
Of 77 grafts, 62 were patent (80%). In 26 patients with 
all patent grafts, EF was unchanged (.65 + .03 pre, .68 - 
.03 post, p>.10). In 11 patients with one or more 
occluded grafts, EF decreased (.67 + .04 pre, .57 + .03 
post, p€.025). In 45 regions with preop normal contrac- 
tion, S was unchanged (46.6 + 2 pre, 45.6 * 2.4 post, p 
210). In 15 regions with preop asynergy, S increased 
(28.1 + 2 pre, 41.7 + 4.4 post, p.005). In 13 regions 
with occluded grafts, S decreased (43 + 4 pre, 37 + 4.9 
post, p«.05). In 28 regions with no grafts, S was 
unchanged (43 + 2.7 pre, 42 + 3.2 post, p>.10). Changes 
in mVcf and Vcf followed shortening. We conclude that: 
Patent grafts result in no change in EF, maintain 
shortening in preop normal regions, and improve 
shortening in preop asynergic regions. Occluded grafts 
result in a decreased EF and regional shortening. 


EVALUATION OF CORONARY BYPASS GRAFT SURGERY BY EXERCISE 
TESTING: OBJECTIVE ASSESSMENT BY EFFECT ON ISCHEMIC ST 
DEPRESSION, HEART RATE-BLOOD PRESSURE PRODUCT AND CORRE- 
LATION WITH POSTOPERATIVE ANGIOGRAPHY 

Todd Grehl, MD; Ezra A. Amsterdam, MD, FACC; Elizabeth 
Matthews; Anthony N. DeMaria, MD, FACC; Richard R. Miller. 
MD, FACC; James E. Price, MD; Garrett Lee, MD; Arthur J. 
Lurie, MD, FACC; Edward J. Hurley, MD, FACC; Dean T. Masor 
MD, FACC, University of California, Davis, California 


To objectively assess results of coronary artery bypass 
graft surgery (CAB), pre- and postoperative (mean = 11.4 
mos) exercise testing (maximal treadmill) was performed 
in 51 patients (pts). There were 45 males and 6 females 
with mean age SO yrs (31-70 yrs). Before CAB, exercise 
resulted in ischemic ST+ in 27 pts, of whom 17 had O ST ¥ 
and 8 had less ST+ post-CAB at the time or greater inten- 
sity of exercise compared to pre-CAB: heart rate X blood 
pressure product (DP) pre-CAB 21,132 and post-CAB 24,221 
(p<.05). Angina was induced by exercise in 40 pts pre-CAB 
and in only 15 pts post-CAB at the same or greater inten- 
sity of exercise: DP pre-CAB 21,522 and post-CAB 24,098 
(p<.05). Thus, DP in the 45 pts in whom this factor was 
obtained during exercise rose from 21,180 pre-CAB to 
26,460 (p*.05) post-CAB. Further, in 17 pts CAB was fol- 
lowed by both abolition of angina and improvement. or com- 
plete normalization of pre-CAB ischemic ST4 at a higher 
exercise DP. Post-CAB angiography was compared to exer- 
cise results: 13/14 (93%) pts in whom ST¥ was abolished 
or diminished had at least one patent graft and the single 
pt with occluded grafts had intraoperative infarction; 22/ 
23 (96%) pts in whom DP rose post-CAB had patent grafts an 
in 2 of 2 (100%) pts in whom post-CAB DP fell all grafts 
were occluded. Systematic exercise testing is a reliable 
means of assessing CAB and correlates well with post-CAB 
angiography. 
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PERIOPERATIVE MYOCARDIAL INFARCTION: ANGIOGRAPHIC CORRE- 
LATIONS. | 

Daniel F. Phillips, M.D., William Proudfit, M.D., Juan 
Lim, M.D., William C. Sheldon, M.D. Cleveland Clinic 
Foundation, Cleveland, OH. 


During the years 1972-1973, 3031 patients had pure graft 
revascularization at the Cleveland Clinic with periopera- 
tive MI in 167 (5.4%) "Definite MI" was designated if new 
Q waves were inscribed on early postoperative ECG, 'Prob- 
able MI" if R voltage was decreased in 2 or more leads 

and SGOT 100 mu/ml and "Possible MI" if SGOT 100 mu/ml and 
ECG was nondiagnostic. 77 of 165 patients underwent post- 
operative coronary arteriography 7 days-19 mos. (mean 11 
mos.) after surgery. Diagnoses included definite MI in 55, 
probable MI in 19, possible MI in 3. Diagnostic changes 
resolved in 19 patients 3-9 mos. following surgery. Group 
I patients (5) had diagnostic ECG and SGOT «100 mu/ml; 
Group II (41) SGOT 100-250 mu/ml; Group III (31) SGOT »100 
mu/ml. New segmental impairment was demonstrated on post- 


operative ventriculograms in 4l (732) patients with definite 


MI; in 14 (70%) with probable MI, and 10 (52%) in patients 
with resolving ECG changes. Group I patients showed 2/5 
with new segmental impairment, Group II 28/41 (687) and 
Group III 26/31 (84%). Overall graft patency to area of 
ECG MI was 73%. Inferior wall MI showed 53% patency 
(23/43) anterior MI 75% (18/24); lateral wall 71% (5/7) 
Group I showed 100% patency (9/9); Group II 80% patency 
(72/90) Group III 69% (52/75), for overall patency of all 
grafts of 76% (133/174). Diagnosis of POMI by combined 
ECG and SGOT was confirmed in 73% patients. The graft 
patency rate explains benign early course and long term 
implication of POMI. 


SAFETY AND EFFECTIVENESS OF CORONARY ARTERY BYPASS FOR 
ANGINA PECTORIS JUDGED BY LIFE TABLE ANALYSIS 

V. Eric Kemp, MD; Szabolcs Szentpetery, MD; Harold J. 
Levinson, MD; Robert B. Mammana, MD; Richard R. Lower, 
MD, Medical College of Virginia, Richmond, Virginia. 


Life table actuarial analysis of survival and the degree 
of palliation after coronary bypass Surgery for angina 
pectoris has not been published. 360 consecutive cases 
have been so analyzed, followed up to 5 years with 100% 
follow up. 33% had stable angina, 57% unstable and 9% 
preinfarction angina. 12% had left main. disease, 33% 
three vessel, 32% two vessel and 23% single vessel dis- 
ease. 54% had left ventricular (LV) dysfunction, 23% 
severe. 5% had ventricular muscle resection. Early mor- 
tality (1 month) was 1.82 and in the last 4 years of the 
study 0.72. Late mortality was 3.67, all in patients with 
pre-operative LV dysfunction (12/13 with documented pre- 
op myocardial infarction). 3 of 13 late deaths were from 
non-cardiac causes. There were no early or late deaths 

in patients with single vessel disease. Life table analy- 
sis showed a 5 year survival predicted at 89.6% (* 0.02 
78 s.e.). After 1 year post-op 55% were asymptomatic, 

36% symptomatic but improved and 7% unimproved or worse. 
The probability of remaining asymptomatic for 5 years was 
55% and for improvement sustained over 5 years was 93%. 
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EVALUATION OF VENTRICULAR ARRHYTHMIAS POST-CORONARY 
BYPASS SURGERY:  DECREASED PREVALENCE FOLLOWING HOSPITAL 
DISCHARGE DETERMINED BY AMBULATORY ECG MONITORING 

James E. Price, MD; Louis A. Vismara, MD, FACC; Ezra A. 
Amsterdam, MD, FACC; Richard R. Miller, MD, FACC; Craig 
M. Pratt, MD; Anthony N. DeMaria, MD, FACC; Robert D. 
Swenson, BS; Dean T. Mason, MD, FACC, U. C. Davis, CA. 


To elucidate the course of ventricular tachyarrhythmias 
after coronary artery bypass surgery (CABS), 24-hour 
ambulatory ECG monitoring was obtained 12-56 hrs (HOSP) 
and 6-8 wks (P-HOSP) post-CABS. The 62 patients (mean 
age = 52 yrs) received 2.2 grafts (G)/patient: 1G 20% 
of patients, 2G 55%, 3G 25%. The P-HOSP group were all 
ambulatory out-patients and not on antiarrhythmic agents 
Ventricular tachyarrhythmias occurred more frequently 


during early post-CABS monitoring: 

lpyC'S* — 220/HR 3MF ‘pp SVT* 
HOSP 78% 21% 16% 9% 12% 
P-HOSP 55% 11% 8% 2% 2% 


lpyC's = premature ventricular beats; *20 PVC/HR; 3MF = 
Multifocal PVC; "PP = Paired PVC; °VT = Ventricular tach 
cardia; *p<.05. Ventricular tachyarrhythmias were class 
fied as serious (>20/hr, MF, PP, VT) or benign (less tha 
20/hr). Patients with P-HOSP ventricular tachyarrhythmi 
(Group I: 20/hr, MF, PP, VT; Group II: other PVC's) 
manifested no difference in HOSP ventricular ectopy: 
Group I 30%, Group II 19% (p>.05). There was no correla 
tion in P-HOSP monitoring with extent of native coronar) 
disease, number of G, or CABS pump time. Thus, natural 
course of VE post-CABS includes: 1) frequent ventriculé 
tachyarrhythmias in the early period post-CABS; 2) re- 
duced ventricular ectopy prevalence P-HOSP without anti- 
arrhythmic therapy; and 3) HOSP monitoring does not pre- 


dict the occurrence of serious ventricular tachyarrhythi 
post-hospital discharge. 


LONG-TERM FOLLOW-UP OF ANEURYSMECTOMY FOR RECURRENT VEN: 
TRICULAR TACHYCARDIA OR FIBRILLATION 

Magdi Sami, M.D.; Denis Charpin, M.D.; Michel Chabot, M. 
F.A.C.C.; Martial G. Bourassa, M.D., F.A.C.C., Montreal 
Heart Institute, Montreal, Quebec, Canada 


The indication for aneurysmectomy in patients (pts) wit, 
recurrent ventricular tachycardia (VT) or ventricular f 
brillation (VF) has not been clearly defined. Ten con- 
secutive pts who underwent ventricular resection for th 
above indication were studied. The aneurysm was post 
traumatic in one pt and post myocardial infarction (MI) 
in nine. (mean age: 5847 SD) Their status prior to o 
eration was noted and surviving pts were reassessed. T 
follow-up period was 19416 months (mean ÍSD). A 24-hou 
Holter Monitoring HM was performed in all cases. All p 
had moderate to large aneurysms; 4 had hypokinesia in a 
jacent segments; 3 had significant stenosis in vessels 
not supplying the aneurysm; two pts had aorto-coronary 
bypass grafts in addition to the resection. There was 
operative mortality. Two pts died suddenly 1.5 and 7 
months after operation. Of the surviving 8 pts despite 
apparent clinical improvement analysis of the 24-hour A 
bulatory ECG revealed runs of VT in 5 pts and a signifi 
cant number of multifocal PVB's in the other 3. No cor 
relation was found between recurrence of the ventricula 
arrhythmias and the size of the aneurysm, the contrac- 
tility of the other segments, the extent of coronary 
atherosclerosis (CAD) or the presence of congestive hea 
failure. A possible factor may be the ventricular scar 
itself acting as a focus favoring reentry. In conclusi 
our study suggests that aneurysmectomy is not a panaceé 
for pts with recurrent VT or VF. In such pts, ventri- 
cular resection should probably be reserved for those w 
remain symptomatic despite an adequate medical trial. 
close follow-up using serial 24-hour HM is recommended 
after such intervention. 
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. All patients were studied at least 5 years post-operative- 
. ly., Followup was at a mean interval of 68.4 months. 

. During hospital admission, standardized clinical assess- 

. ment, EKG, lipid profile, treadmill and coronary angiogra- 
_ phy were performed. Complete pre-operative and follow- 
up data was analyzed with computer assistance. The 

| average annual attrition rate was 2.8% (390/456 pts 
_ survived 5 yrs) and includes a 30-day hospital mortality 
_ of 6.8% (31/456 pts). To date, evaluation has been 

.. completed in 210 pts. Angina was absent in 35% (74/210) 
La and significantly improved in a further 60% (126/210) pts. 
- Pts working full time comprised 75% (157/210) while only 

— 5% (11/210) of pts were inactive. Treadmill was negative 
in 53% (103/195) positive in 37% (73/195) and indeter- 

. minate in 10% (19/195). The significance of the various 

= risk factors has been analyzed. Overall graft patency was 
= 87.4% (248/285 grafts) and 95.4% of pts had one or more 

| patent grafts. Late saphenous vein graft morphology has 
|. been excellent. We feel these long-term results encourage 
~ the continued use of this procedure, especially as 30-day 
_ hospital mortality in the subsequent 3374 consecutive 

É cases has decreased to €3.5%. 
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| AMBULATORY, NOCTURNAL AND EXERCISE ARRHYTHMIAS IN 


7 
.. CORONARY ARTERY DISEASE: A PROSPECTIVE RANDOMIZED STUDY 


X. TO ASSESS THE INFLUENCE OF AORTO-CORONARY BYPASS SURGERY 
_ Gene A. Guinn, M.D. FACC and Virendra S. Mathur, M.D. 
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|. VA Hospital and Baylor College of Medicine, Houston,Texas 
RA prospective randomized study to evaluate the role of 

epee ee Coronary bypass surgery for stable angina pectoris 
_ 1s in progress. A total of 116 patients with angiograph- 


..-ically documented coronary artery disease (70% or more 
-luminal obstruction in a major artery) and acceptable for 
^| surgery have been randomized to two groups, one undergo- 
M. Ieosürgery and the other receiving only medical treat- 
ment. All the survivors are being followed and undergo 

" exercise testing on multi-stage treadmill at regular in- 
_ tervals. A subset of 33 patients have been additionally 
|». Studied by continuous 24 hour electrocardiographic moni- 
= toring, including ambulatory and nocturnal periods. 

s 0f the 16 surgical patients, 14 were not on drugs, l was 
|. on propranolol and | on antihypertensive drugs; all of 

_ the 17 medical patients were on nitrates and 15 were on 
propranolol. The type and frequency of PVC's encountered 
are tabulated; the nocturnal and daytime records were 

_ Similar and analyzed together. 


T 










ESL Surgical(16) Medical(17) 
|. No arrhythmia Uc 5 
_ Infrequent, unifocal PVC's 4 4 
| Bigeniny/Trigeminy 7 6 
= Paired, couplets 6 3 
` Salvos of 3 or more PVC's 4 0 
. Multifocal PVC's 8 7 


During treadmill exercise, ventricular tachycardia or 
_ multifocal PVC's developed in 11% (6 of 56) surgical and 

. 10% (6 of 60! medical patients. 

^ The data reveals that coronary artery bypass surgery does 
— not prevent or reduce the occurrence of PVC's or danger- 


ous arrhythmias. 
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CARDIOMYOPATHY, MITRAL VALVE PROLAPSE ANI 
PERICARDIAL DISEASE : 

AM 

8:30 to 12:00 


RELIABILITY OF SYSTOLIC ANTERIOR MOTION (SAM) OF THE MI. 
TRAL VALVE (MV) AND ASYMMETRIC SEPTAL HYPERTROPHY (ASH) D 
HYPERTROPHIC CARDIOMYOPATHY (HCM) 

Jurgen Gehrke, MD, Dept.of Clinical Cardiology,Royal Post. 
graduate Medical School, Hammersmith Hospital, London W 1: 


We have recently reported that SAM is merely a reflectio 
of cnordae tendineae and/or papillary muscles ( traversin; 
the single ultrasonic beam in systole by anterior displa 
cement of the papillary muscles and the hypertrophied lef: 
ventricular posterior wall (LVPW), and can be seen in con. 
ditions with left ventricular hypertrophy (LHV) and othe: 
than HCM) , and that ASH may be present in right ventricu- 
lar overload (RVO) with additional LVH. To further clarif) 
the mechanism of SAM and ASH we investigated 31 patient: 
(pts) with M-and real time B-scan(Siemens "Vidoson") echo- 
cardiography and found SAM and ASH in 5 out of 15 pts wit! 
MV-disease, 6 out of 10 pts with aotic valve disease anc 
3 oui of 6 pts with atrial septal defect, 

In conclusion : ASH appears to result from any stress or 
the right and/or left side of the heart, and SAM from an; 
condition resulting in a vigorous anterior motion of the 
LVPW, even without LVH, SAM in atrial septal defect may be 
understood with our recent explanation of the "see — saw’ 
or reversed upper septal motion ("RUSM") in RVO and the 
compensatory forceful contraction of the apical LV in or- 
der to maintain LV-ejection, SAM and ASH thus appear to be 
no lenger pathognomonic for HCM, but merely symptoms whicl 
demand furiher investigation, 


SUDDEN DEATH IN PREVIOUSLY ASYMPTOMATIC PATIENTS WITH 
ASYMMETRIC SEPTAL HYPERTROPHY | 

Barry J. Maron, MD; William C. Roberts, MD, FACC; Jesse E. 
Edwards, MD, FACC; Hugh A. McAllister, MD, FACC; Walter L. 
Henry, MD; Daniel D. Foley, MD; Stephen E. Epstein, MD, 
FACC, National Heart and Lung Institute, Bethesda, Md. 


Asymmetric septal hypertrophy (ASH) is a genetically 
transmitted disease of cardiac muscle characterized by 
disproportionate thickening of the ventricular septum. 
Sudden death is a recognized complication of ASH in symp- 
tomatic pts. However, the occurrence of sudden death in 
pts with no previous cardiac symptoms presents a particu- 
larly challenging diagnostic and therapeutic dilemma. We 
have evaluated 21 such pts with ASH in whom the first man- 
ifestation of cardiac disease was death. Ages ranged from 
10-49 yrs, but 14 were <18 yrs old at death; 17 were male 
and 4 female. Of the 21 pts, l4 died during or immedia- 
tely after physical activity (including the deaths of 6 
comperitive athletes). Nine pts had previous cardiac 
catheterization; 7 had no or a small gradient at rest and 
2 had gradients of >50 mmHg. LV end-diastolic pressure 
was increased in only 5 of the 9 pts. ECG was abnormal in 
each of 10 pts studied and showed a wide variety of pat- 
terns. Although the mechanism of death in ASH is unknown, 
2 pts in this study had atrial arrhythmias recorded before 
or immediately following a cardiac arrest, suggesting that 
death in some pts may be related to atrial arrhythmias. 
Three pts were on propranolol at the time of death, al- 
thouga dosage was probably inadequate in 2. Thus, we con- 
clude that sudden death may be the initial manifestation 
of cardiac disease in some pts with ASH, is not uncommon 
in children, and is usually related to physical activity. 
While no hemodynamic parameter was predictive of sudden 
death, pts with normal ECGs appear to be at low risk of 
dying prior to the development of cardiac symptoms. e 
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LONG TERM MEDICAL MANAGEMENT OF HYPERTROPHIC OBSTRUCTIVE 
CARDIOMYOPATHY 
Martin J. Frank, M.D., F.A.C.C., Abdulla M. Abdulla, M.D., 
and Mario I. Canedo, M.D., Department of Medicine, 
Medical College of Ga., Augusta, Ga. 
Twenty-two patients with catheterization documented 
ic obstructive cardiomyopathy (HOCM), ages 

11-54 years, were followed prospectively 1-8 years 
(mean = 3.7) on “high dose" propranolol therapy, 
average = 340 mg/day. Hypertension and rhythm 
disturbances were treated as required. Syncope, pre- 
syncope, dyspnea, angina and palpitations were graded 
0 to 3 based on severity (maximum score = 15). No 
patient was asymptomatic. The average score was 7.2 at 
onset of therapy and 2.3 at most recent evaluation. 
Syncope and angina responded better to treatment than 
exertional dyspnea. Time to maximum improvement 
averaged 2 years (range, immediate to 4 years) and 

to be independent of the "functional" orifice 
size at diagnosis although patients found to have a fixed 
orifice on repeat study seemed to do less well, 
particularly after age 50. No patient was lost to 
follow-up and none died. Thirteen are markedly improved 
and none are worse. Three of the four patients with 
little to no improvement had problems with compliance. 
Three have been offered a surgical approach, but all have 
refused. We conclude that aggressive propranolol therapy 
for HOCM is the preferred approach for most patients, 
but its effectiveness can not be judged for many months. 


EXERCISE CAPACITY AND HEMODYNAMIC RESPONSE TO INTENSE 
UPRIGHT EXERCISE BEFORE AND AFTER OPERATION IN PATIENTS 
WITH ASH. 

David R. Redwood, MD; Robert E. Goldstein, MD; John 
Hirshfeld, MD; Jeffrey S. Borer, MD; Samuel B. Itscoitz, 
MD; Andrew G. Morrow, MD; Stephen E. Epstein, MD, FACC, 
National Heart, Lung, and Blood Institute, Bethesda, Md. 


Myotomy and myectomy results in marked symptomatic im- 
provement in most pts with ASH. However, the effect of 
operation on exercise capacity and cardiac function re- 
mains controversial. Accordingly, 29 pts were evaluated 
during graded treadmill exercise. Postoperatively all pts 
were symptomatically improved and had marked reduction or 
abolition of left ventricular outflow gradients. Signifi- 
cant increases occurred in exercise duration (7.2 to 15.7 
min, p<.001) and peak VO% (16.2 to 21.3 ml/min/kg, 
p<.001). A significant increase in cardiac index during 
maximal exercise accompanied this improved performance 
(5.03 to 5.63 l/min/m2, p.05). The increase in maximal 
index was associated with an increase in maximal desatu- 
ration of mixed venous blood (29.2 to 22.8%, p<.01). At 
a given level of venous desaturation (302), cardiac index 
was higher postoperatively (4.55 to 5.21 1/min/m2, 
p<.05). These results suggest that while several mecha- 
nisms may contribute to symptomatic improvement following 
operation (including placebo effect, increased 02 
extraction and training) enhanced cardiac performance 
plays an important role in most pts. Moreover, these 
results demonstrate that abolition of the gradient 
following operation is not caused by surgically induced 
myocardial damage. 
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SARCOIDOSIS OF THE HEART: A CLINICOPATHOLOGIC STUDY OF 
35 NECROPSY PATIENTS 

William C. Roberts, MD, FACC; Hugh A. McAllister, Jr., MD 
Victor J. Ferrans, MD, Ph.D., National Heart, Lung and 
Blood Institute, Bethesda, Md. and Armed Forces Institute 
of Pathology, Washington, D.C. 


Of 35 patients (pts) with non-necrotic granulomas ín the 
heart and in one or more other body organs, 26 had cardi: 
dysfunction clearly the result of cardiac sarcoidosis (Cf 
(Group I), and 9 had no cardiac dysfunction, or if preser 
clearly not the result of CS (Group II). Of the 26 grou} 
I pts, 17 died suddenly, 6 from congestive cardiac failui 
2 from recurring pericardial effusion, and 1 from a non- 
cardiac cause. Arrhythmias or conduction disturbances oJ 
both were documented in 16 of the 26 pts: ventricular 
premature beats in 12, ventricular tachycardia in 5, 
complete heart block in 6 and complete bundle branch blo 
in 3. Left ventricular papillary muscle and cephalad 
portion of ventricular septum were the 2 most frequent 
sites of sarcoid granulomas. Review of 78 previously 
reported necropsy patients with CS and examination of thi 
present group showed that corticosteroid therapy caused 
healing of the CS with fibrous replacement, but that 
ventricular aneurysm was a frequent (8 pts) consequence | 
this therapy (in 15 pts). Most Group I patients with CS 
presented initially with evidence of cardiac dysfunction 
and most patients with CS had little or no evidence of 
dysfunction of other organ systems. The duration of CS 
was «12 months in 63% of the patients analyzed. CS is 

a neglected cause of cardiac dysfunction, and it may mim 
coronary, valvular, primary myocardial and pericardial 
heart diseases. 


DIGITALIS TOLERANCE IN CARDIOMYOPATHY 

Michael D. Klein, MD; Kevin McInerny; Paul A. Levine, MI 
Thomas J. Ryan, MD, FACC, Boston University School of 
Medicine, Boston, Mass. 


Cardiomyopathy (C) patients (pts) require digitalis for 
treatment of severe myocardial dysfunction.  Uncertaint) 
about glycoside dose arises, however, because of fre- 
quent cardiac dysrhythmias. To define digitalis toler- 
ance in C, acetylstrophanthidin (AS) titration was per- 
formed in 12 cases (9 idiopathic myopathy, 3 systemic 
amyloidosis). All pts had heart failure and were takin; 
digoxin. Coronary disease was excluded clinically in 7 
and by catheterization in 5. Inotropic response to AS 
was determined from normalized left ventricular wall 
velocity (Vpy) computed from echo and carotid pulse 
tracings. ECG response to AS was monitored continuousl 
as 0.1-0.2 mg drug increments were given at 5 min inter 
vals. AS tolerance was correlated with changes in Vpy, 
ECG, and prevailing serum digoxin levels (SDL). The 9 
idiopathic C pts had SDL of 1.1+0.4 (SD) ng/ml and tole 
ated 0.7-1.0 mg AS. Their Vpy increased from 0.4140.25 
sec"l to 0.54+0.27 (p«0.005). Maintenance digoxin dose 
was increased in all pts and no evidence of drug toxici 
was seen 3-15 months later when SDL was 2.2+0.3 ng/ml. 
In 4 AS reduced the frequency of atrial or ventricular 
extrasystoles (VPB). The 3 amyloid C pts had SDL of 
0.7+0.3 ng/ml but tolerated only 0.4-0.7 mg AS before d 
veloping dysrhythmias. Their Vpy (0.71+0.14 sec-l) did 
not increase significantly but VPB or AV block was in- 
duced in each case. These data suggest digitalis toler 
ance in C depends upon the underlying pathology and in 
most idiopathic C pts maximal inotropic benefit can be 
safely achieved at SDL of 2.0 ng/ml or more. Pts with 
amyloid C have limited glycoside tolerance. AS titrati 
provides guidelines for optimal digitalis dose. 
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- PATHOGENESIS OF THE CLICK-MURMUR-PROLAPSE SYNDROME. 

E roter EVIDENCE SUPPORTING AN UNDERLYING CARDIOMYOPATHIC 
DN PROCESS E ^ - "7 | 
EVE: ancis H. Koch, MD: Margaret E. Billingham, MD; Jay W.- 

_ Mason, MD; Paul R. Cipriano, MD: E. William Hancock, MD, 
. FACC, Cardiol. Div., Stanford Med. School, Stanford, Ca. 
.— To test the hypotheses that coronary artery spasm (CAS), 

^ small-vessel arteriopathy (SVA), or a cardiomyopathic pro- 
.— cess plays a role in the pathogenesis of chest pain and  — 
| . arrhythmias associated with the click-murmur-mitral valve 
| prolap e syndrome, l4 symptomatic patients (pts) were stud- 


"ded. .All 5 pts who had coronary arteriography (CAG)during 
n 
















tex - oils administration (a drug that provokes 
^ CAS in pts with variant angina) had negative tests. Twelve 
up s had transvenous right ventricular endomyocardial sep- 
tal biopsy (Bx); in addition, 3/12, with normal heart size 
5 nd normal CAGs, had atrial pacing studies while transmyo- 
- cardial A-V lactate differences, 12-lead ECGs, and left 
— ventricular end-diastolic pressure (LVEDP) were being moni- 
tored. On Bx, only l pt had SVA; 9 had mild-to-moderate 
erstitial fibrosis; 4/9 had mild-to-moderate endocardial 
rosis. . Electron microscopy demonstrated no nuclear, 
oplasmic or organelle abnormalities. The pathological 
| ling of increased fibrosis, while nonspecific, is not 
' seen in'control'Bx specimens from transplant donor hearts. 
le 3 pts who had atrial pacing studies showed a change from 
ctate extraction to production, post-pacing ST-segment 
ression and abnormal elevation of LVEDP, and Bx showed 
interstitial fibrosis in 3/3, and endocardial fibrosis in 
Uus dic In summary, we could not validate SVA or CAS as an | 
» c6 vious c: use of chest pain in these pts. The pacing stud- 
an Specimens are consistent with the presence of a 
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Despite the sophistication of present methods of diag- 
nosing mitral valve prolapse (HVP), knowledge of the na- 
tural history of this lesion is limited. This study re- 
ports the follow-up of the 53 patients(pts)--19 male, 34 
female, mean age 42 -- who had phonocardiographic documer 
tation of a mid-systolic click and/or late systolic mur- 
mur at this institution prior to 1967. KT 

Eight pts (15%) developed a complication of MVP, 3/8 e 
periencing more than one complication. In each of the 8 
pts ‘IVP was confirmed by angiography, echocardiography ¿or 
pathologic examination. Bacterial endocarditis (BE)devel- 
oped in 3 pts; one of whom died. A total of 5 pts devel- 
oped significant MR, 2 requiring mitral valve replacement 
1 pt died suddenly, 48 hours after starting quinidine for 
atrial fibrillation. A 27 year old nurse developed ven- 
tricular fibrillation while at work in hospital and was 
successfully recusitated. She is at present well on anti- 
dysrhythmic therapy. 5/19 males (26%) and 3/34 females 
(9%) developed complications. : | 

Seven pts died of causes unrelated to the mitral valve 
abnormality. These include 1 who died of aortic root dis- 
section associated with classical Marfan's syndrome. A11 
but 1 of the remaining 38 pts, followed for a mean of 14 
years, have been traced, and are well at follow-up. 33. 
have been studied echocardiographically, MVP being con- 
firmed in 31. | 

The majority of pts(85%) at follow-up or death have no 
complications related to MVP. Progressive MR, BE or life 
threatening dysrhythmias occurred alone or in combination 
in 152 of pts followed for a mean of 14 years. While most 
pts with ilVP do well, a significant percentage will suf- 
fer a serious complication. | 
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GENESIS OF EKG AND VCG CHANGES IN DUCHENNE 
MUSCULAR DYSTROPHY: ULTRASTRUCTURAL BASIS a 
Shyamal K. Sanyal, FACC; Mohinder K. Thapar, MD; Warren W. 
Johnson, MD; Ralph C. Tierney, FACC, St. Jude Children's 
Research Hospital, Memphis, TN 


The genesis of EKG and VCG abnormalities, common in Duchenne 
museular dystrophy remains speculative. EKGs were analyzed in 75 
patients and abnormalities noted in 86%. These were: Tall R wave 
with abnormal R/S ratio over V,: 66%, Q waves > 3 mm (Lead I, 
AVF. Vs, Ve): 44%, Sinus tachycardia: 32%, Right Axis Deviation: 
1075. Left Axis Deviation: 6%, Short P-R interval: 8%, and 
abncrmal PV, index: 11%. VCG analyzed in 25 patients were 
abnormal in 80%: abnormal rightward and/or superior orientation 
of initial forces: 64%, RVH: 36%, LVH: 16%. Genesis of these 
abnormalities were investigated by detailed macroscopic, histologic 
and ultrastructural studies of the myocardium and conduction 
system of the heart after perfusion-fixation with glutaraldehyde. 
Macroscopic examination showed fatty tissue infiltration of the 
ventricular myocardium in the subepicardial areas. Histologic 
examination showed focal areas of fibrosis and degenerative changes. 
over wide areas of ventricular and atrial myocardium, 
interventricular septum and the conduction system. Ultrastructure 
examination showed multifocal, segmented loss of myofibrillae 
within myofibers of ventricular and atrial myocardium, and the 
papillary muscle. The tubular *'T" system, however, remained. 
intact. Coronary, intraluminal vessels and sino-atrial nodal artery 
were rormal. | orf wh 

We conclude that the EKG and VCG abnormalities in 
Duchenne muscular dystrophy result from widely scattered focal 
dystrophic changes involving atrial and ventricular myocardium, 
interventricular septum, papillary muscle and conduction system, 
These previously unreported ultrastructural alterations in the 
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. cardiomyopathic process and give further support to the — myocardium are similar to those of skeletal muscles in these 
. hypothesis that in some pts the primary pathogenetic pro- “patients, AS d t CR - X6 
T CR A elu. J y ý ps ne rank LG e "Y et y s i , z PEU è d URS V: ^ , ; " i e ES e i, . , ` | " > "t d£ 44 j E 1 
(cess in this disorder is a cardiomyopathic one, rather — © 0000000000000 Mf LOREM HEELS X 
k: than an isolated abnormality of the mitral valve apparatus. l ; Ur ie TC : 
aes ict te QV V ER A WAY 7t. Va, eris Mer Pin ty, RAE. | : PBF Gn ay OS aR ate 
AL Raed ra Min a fang ve An ; ANE i MES TR 4 Au o dios VEL, 
pix OMNE Muri: " Wott talc ^ e. SUL gy T 
aP J Uu i ‘ees, St c i » E y a c ^ a ] $ = * * 
ARIS: A + às T df "IM e a) eC wW "y. gc : 4 (7, * f 7) 
id A Fai Pes Sd KN ta a dne es : É j P 1 M "Li 
MV ecliu «V 4 5 977 TGI C - AP bathe w-—* "s ^. 
Er TUE poora Jan CBE 6e aaa No eo t s 











eo Ae 
ur 


v ACE 














m 4 
Yen a ` 
zi 


"^ 


K TN f be E 
EA T Se Lo P 
MEN MEA AT , 


"Oc R HY nd P - 
Sete Ny Oe. i 
à. $ , ` 









er 
ee 2 44 ty ` - 
vv NI Jt. er 
tt (AM, 
X Wt 


. 


M a” heel 
^: icr 


ES 34 E ‘ 
| fe" ds t n 
^T f) x : A VE AA *j 
» \ 4 Å‘ 






pA 









Ode y nm 
UM NC Det Tus 
À E 
2-959 “i A "n D 
Ra t) *m 
2 RE" X 
I 


| DETECTION OF PERICARDITIS WITH "P" TECHNETIUM 

PYROPHOSPHATE IMAGES . 

Jerome L. Fleg, MD; Barry A. Siegel, MD; Robert Roberts, MD; 
~ Washington University, St. Louis, Missouri 


Imaging with ??mTe (Sn) pyrophosphate is widely employed in the 
detection of myocardial infarction. Although uptake has been 
thought to depend on the presence of necrosis in myocardium, 
positive images might occur in patients with pericardial disease 
without myocardial inforction, possibly leading to incorrect 

. diagnosis. Accordingly, we studied 17 patients with typical 

|» pericarditis indicated by pleuritic pain, two-component peri- 
cordiol friction rub and serial ECG changes of ST-segment ele- 
vation without development of Q-waves. Five patients had 
elevated viral titers and three others hod uremic pericarditis. 
Myocardial infarction wos excluded by normal values for MB CK 
in plasma samples obtained every six hours, and analyzed for 
MB CK activity using a quantitative fluorometric assay . Images 
were obtained in the anterior, LAO, RAO, and lateral positions 
two hours after intravenous injection of 5 mCi of mTc (Sn) 
pyrophosphate. Although total plasma CK, LDH and GOT activity 
were mildly elevated in 8 patients, plasma MB CK remained 
within normal limits in each case. Eleven out of these seventeen 
. patients exhibited abnormal pyrophosphate images, all of which 
showed localized accumulation of the tracer (10 anterior and ] 
lateral). These results indicate that abnormal pyrophosphate 
images in patients with pericarditis is objective evidence of 
pericardial involvement but proper interpretation requires 
exclusion of myocardial infarction which is possible with plasma 
MB CK analysis. This is particularly important since the peri- 
cardial images ore of a localized nature indistinguishable from 
that of transmural infarction. 


OCCULT CONSTRICTIVE PERICARDIAL DISEASE (OCPD) - A NEWLY 
DEFINED CLINICAL ENTITY 

Charles A. Bush, MD; John M. Stang, MD; Charles F. Wooley, 
MD, FACC; James W. Kilman, MD, FACC. The Ohio State 
University College of Medicine, Columbus, Ohio. 


Rapid intravascular volume expansion was used to 
establish a diagnosis of OCPD in 19 patients (pts) with 
non-specific but disabling symptoms, subtle or absent 
physical signs, and normal baseline hemodynamics. 
Symptoms included fatigue, dyspnea and/or chest pain of 
4-60 months duration. Eleven had distant acute i 
pericarditis of which five had recurrent acute 
pericarditis. One liter of warmed normal saline was 
infused over 6-8 minutes. Volume expansion provoked 
diastolic equilibration of pressure, typical right atrial 
and right ventricular constrictive pressure pulse 
morphology, and loss or reversal of inspiratory fall in 
mean RAP in all pts with OCPD but none of six normal 
control pts. Volume expansion caused a rise in RAP 
(9 mmHg), RVEDP (9 mmHg), and PCWP (7 mmHg) significantly 
greater than in the normal pts, RAP (1 mmHg), RVEDP 
(2 mmHg), and PCWP (2 mmHg), (p< 0.05). Volume expansion 
in 12 control pts with heart disease increased RAP 
(3 mmHg), RVEDP (4 mmHg), and PCWP (7 mmHg), but failed 
to produce diastolic equilibration. Pericardiectomy in 
12 pts with OCPD resulted in relief of symptoms in all, 
each revealing gross and/or microscopic evidence of 
pericardial disease without calcification. Repeat 
catheterization in four postoperative pts revealed 
absence of findings of OCPD after volume expansion. 


Occult constrictive pericardial disease — OCPD - isa 
distinct clinical entity identified only by assessment 
of hemodynamic response to rapid volume expansion. 

. Symptoms may respond dramatically to pericardiectomy. 
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CELLULAR FIBRILLATION APPEARING IN CULTURED MYOCARDIAL 
CELLS AFTER APPLICATION OF STRONG CAPACITOR DISCHARGES 
Janice L. Jones, PhD, Eugene Lepeschkin, MD, FACC, Rona 
E. Jones, MSEE and Stanley Rush, PhD, University pf v 
Vermont, Burlington, Vt. pue" 


The response of myocardial cells in monolayer culture t 
capacitor discharges (2 msec. time constant) of increas 
intensity was documented with a 16-mm film, using a pha 
contrast oil-immersion lens. Discharges which produce 
peak potential gradient of 80 or more volts/centimeter 
the cell level cause standstill accompanied by contract 
the degree of contracture and the duration of standstil 
increase with the value of the voltage gradient. Intra 
cellular recordings show that during standstill the cel 
is depolarized, and that oscillatory electrical activit 
develops as the transmembrane potential returns to 50- 
60% of its resting value. As the contracture recedes t 
cells often develop a fibrillatory movement which has à 
appearance similar to that of fibrillation in the intac 
heart. Tracings of the individual sarcomere lengths wi 
in single myofibrils of one cell were made from conse- 
cutive motion picture frames. These tracings show that 
during this fibrillation, contraction is asynchronous i 
different parts of the same myofibril. This intracelli 
fibrillation may be caused by multifocal activity or b) 
re-entry within a single cell produced by a marked slov 
ing of the membrane conduction velocity following the | 
electric shock. It is possible that the ventricular f' 
rillation which was seen by other investigators to appi 
after high-level discharges in experimental animals, al 
which could not be reverted by repetition of countersh 
could result from this type of cellular fibrillation. 


A COMPARISON OF EPICARDIAL AND ENDOCARDIAL 
FIBRILLATION THRESHOLDS 

Masaaki Kakihana, MD; Jose Jalife, MD; Bruce 
Moe, MS;and Gordon K. Moe, MD, FACC, Masonic 
Medical Research Laboratory, Utica, N.Y. 


The fibrillation threshold in the dog heart i 
regularly greater on the epicardial surface o 
the left ventricle than on the right, whether 
single pulse or a train of pulses is used. 
Because temporal disorganization at Purkinje- 
muscle junctions may play a role in fibrillat 
we compared thresholds for single pulses (20 
msec, unipolar cathode) and trains of pulses 
spanning the vulnerable period (5 msec, 100 H 
160 msec), applied to the endocardial surface 
left and right ventricles (LI, RI), with thos 
recorded on the epicardial surfaces (LO, RO). 
Mean values (mA, + SE) for single pulses were 
LO, 21.4(2.3); LI, 12.9(2.4); RO, 15.9(1.1): 
RI, 14.4(1.7). Trains of cathodal pulses 
required less current: LO, 7.8(1.8); LI, 4.2 
(2.45); RO, 4.2(0.4); RI, 3.6(0.35). With ea 
mode of stimulation, the epicardial threshold 
on the left were significantly higher than at 
the other three sites. There were no differ- 
ences between RO, RI, or LI. As previously 
described, the thresholds for trains of pulse 
were significantly lower than for single puls 
at all sites. Conclusion: thresholds are low 
inside because of proximity to Purkinje- 
muscle junctions. 
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Ite. ‘Spear, Ph. D. FACC, Duhard N. Horowitz, MD, and 
- Neil Moore, D.V. M., Ph.D. FACC, University of Pennsyl- 
Bene Pht tage pela, Pennsylvania 19104. 


"Ventricular fibrillation thresholds were measured 
on QUA endocardium and the epicardium of either the 

Si ght or left ventricles in 13 dogs. The electrodes were 
troduced through a right or left atriotomy to avoid in- 
jury to the ventricles. The electrodes were aligned 
bac and parallel to each other on the endocardium 
ES and epicardium. The ventricular fibrillation threshold, 
a the minimum current which was able to induce ventricular 
NE fibrillation, was measured during atrial pacing by de- 
EID ering a train of impulses to the ventricle during the - 
- vul erable period following every l2th paced complex in 
.1 milliamp increments of current until fibrillation en- 
sued. The stimulus train was composed of twelve 4 msec. 
impulses at a frequency of 100 Hz. The right ventricular 
- epicardial fibrillation threshold averaged 18.3 + 5.3 

» D. and the endocardial fibrillation threshold averaged 
17. 6 4 5.3 S.D. These values were not significantly 
Lfferent. However, the left ventricular epicardial 

E dibrillation .thresholds (32.0 + 12.1 S.D.) were signifi- 
$c atly higher than the left ventricular endocardial fib- 
| rillation thresholds (13.2 + 2.1 S.D.) (p-0.01). While 

left and right epicardial fibrillation thresholds were 

n ficantly different (p-.01) left and right endocard- 
ig ea thresholds were not. These data suggest 
that prox oximity of the fibrillating electrode to the Pur- 
_kinje network may be a factor in the measurement of 
IA entricular BusecsbHie. 


E. 





Ju Leonard N. 
1 owitz, MD, Joseph F. Spear, Ph.D. FACC, Mark E. 
sephson, "MD, FACC, John A. Kastor, MD, FACC, Horace 


University o£ fodiav Dwinlà: Philadelphia, Senna vadte 
. PS 9104. s 
RI k 
P Ventricular fibrillation threshold (VFT), the mini- 

(om iin. current measured in millamperes (mA) necessary to 
ir flete. ventricular fibrillation (VF), was measured on 
either the right (RV) or left ventricle (LV) of 18 pa- 
"Menta (pts) undergoing cardiac surgery. The VFT was 
me Bon a gated train of 22 impulses, 4 msec. in 
ation at a frequency of 100 Hz, delivered to the epi- 
} al surface during the vulnerable period. The areas 
A sted were supplied by diseased vessels but were gross- 
ly free of infarction. Current was delivered through a 
“han ] held probe (two-7 mm platinum surface electrodes 
m apart). Current was increased in lmA increments 
Hl VE ensued. This technique allowed the induction 
VF with the minimum effective current. VFT was 
ured during atrial pacing (cycle length 600 msec) 
l cannulation for cardiopulmonary bypass which 
as initiated immediately at the onset of VF. The pa- 
conpeed normothermic and their electroencephalograms 
owed awake patterns. The VFT measurement required 
5 minutes. In 10 pts with normal coronary arteries 
ng genital or valvular lesions), RV-VFTs ranged from 
-30 mA and LV-VFTs ranged from 25-50 mA. In 8 pts 
| coronary artery disease, LV-VFTs ranged from 4-20 
"- No operative complications attributable to the ex- 
| perimente procedure occurred. We conclude that stan- 
- da irdized measurement of VFT in man can be easily, rapid- . 
dy y, and safely obtained and that preliminary results 
gest that electrically induced VF is more easily ini- 
ciated in patients with coronary artery disease mos in 
e those with other forms of cardiac disease. 


_ RELATI: f THE EFFECT ¢ OF TIME) SITE PACING on ‘VENTRICULAR ed 
pig Lu TION, primers, OF ‘THE RIGHT AND LEFT VENTRICLES. 


é protecting paste VF. 





FIBRILLATION ‘THRESHOLD - ri Finer 9 à U^ ^ 


Aes 
William R. Engle, MS; E. "Neil NEP DW, Ph.D., FACC; pi 
Joseph F. Spear, Ph.D., FACC; Ronald H. Rockland, Ph.D.; - 
Richard P. Spevak, BS; Medtronic, Inc., Mpls., MN and 
University of Pennslyvania, Philadelphia, PA. 


Increased inhomogeneity in the dispersion of activation 
is commonly associated with increased vulnerability to 
ventricular fibrillation. Simultaneous multiple site 
ventricular pacing (MSP), as suggested by H. Funke, was 
investigated in 16 normal canine hearts as a means to 
reduce the degree of inhomogeneity. To determine the 
effect of multiple site pacing on inhomogeneity, mul- 
tiple stimulating bipolar and/or unipolar electrodes 
(6-17) were placed on the right ventricle (RV), left 
ventricle (LV), and ventricular septum (VS). Seperate 
recording electrodes were also placed at different sites 
on the RV, LV and VS to monitor the dispersion of ven- 
tricular activation. Temporal dispersion in ventricular 
activation sequence at fixed RV, LV, and VS regions was 
analyzed during normally conducted beats and for prema- 
ture ventricular beats (VPB) evoked at different sites. 
The temporal dispersion of activation during these nor- 
mally conducted beats and VPB were then compared with 
the temporal dispersion activation obtained during MSP. 
Multiple site pacing reduced dispersion of activation 
of PVBs, often to that of a normally conducted beat 
(i.e., from 50 ms to 30 ms). However, the ventricular 
fibrillation threshold under these conditions was not 
significantly altered. 


In summary, the technique of snc sno multiple site 
ventricular pacing does not decrease the vulnerability 
to ventricular fibrillation even though it causes a 
decrease in the total ventricular activation time. 


SELECTIVE CENTRAL NERVOUS SYSTEM SEROTONIN ELEVATION AND 
THE REPETITIVE EXTRASYSTOLE THRESHOLD. 

Stephen H. Rabinowitz, MD; Bernard Lown, MD, FACC; 
Cardiovascular Research Lab, Dept. of Nutrition, 

Harvard School of Public Health, Boston, Mass. 


Increase in central nervous system (CNS) serotonin 
(5-HT) is reported to suppress sympathetic neural traffic 
to the heart. Sympathetic nerve discharge enhances 
susceptibility to ventricular fibrillation (VF). It is 
therefore pertinent to determine whether biochemically 
induced CNS changes in 5-HT can affect cardiac vulner- 
ability to VF. The 5-HT precursor L-tryptophan (25 
mg/kg, i.v.) was administered to 6 dogs pretreated with 
both a monoamine oxidase inhibitor, phenelzine, to block 
degradation of 5-HT; and with a selective peripheral 
aromatic L-amino acid decarboxylase inhibitor, carbidopa, 
to restrict 5-HT formation to the CNS. Cardiac vulner- 
ability to VF was determined by measuring the threshold 
for repetitive extrasystoles (RE). Animals were closed- 
chested, chloralose anesthetized, artificially ventilated 
and fixed-rate paced.  REs were induced by single 2 msec 
pulses delivered during the vulnerable period via the 
transvenous pacing catheter: 
Hrs after L-tryptophan: 0 1 2x OPEL S 6 
RE threshold (ma) 23. 245-529 32 GSE 034- 1-37 
(mean + sem): +2 x: PO OO he me et. p 
< 0.05: * * * * 
These changes in RE threshold wie neither accompanied by 
alteration in spontaneous heart rate, nor could be 
accounted for by changes in arterial pressure. Thus, 
neuropharmacologic interventions significantly affect 
cardiac vulnerability and may serve as measures for 







A DOUBLE BLIND RANDOMIZED STUDY OF INTRAMUSCULAR 
LIDOCAINE IN PREVENTING PRIMARY VENTRICULAR FIBRILLATION. 
K.I.Lie,MD, K.L.Liem,MD and D.Durrer,MD,FACC. 

Dept. of Cardiology and Clinical Physiology, Wilhelmina 
Gasthuis, Amsterdam, The Netherlands. 

The effectiveness of intravenous lidocaine(L) in 
preventing in-hospital primary ventricular fibrillation 
(PVF) has been established.Since PVF mostly occurs 
outside hospital we assessed the effectiveness of intra- 
muscular(im) L in preventing PVF in a double blind 
randomized study performed in patients(pts) admitted 
within 6 hours of acute myocardial infarction(AMI). Pts 
were excluded if either heart failure, bradycardia 
«50/minute, complete A-V block, ventricular tachycardia 
were present on admission or developed subsequently. 
Group A (78 pts) received 300 mg L in the deltoid muscle, 
group B (76 pts) received 0.65 NaCl and water. Both 
groups were comparable in age, sex, site and size of AMI, 
admission time and mortality rate. Four of group A 
developed PVF within | hour after im L, compared to 2 of 
group B. None died from PVF. Blood levels of L at time of 
PVF in group A were 0.8, 0.9, 1.1 and 2.1 ng/ml. All 4 
with PVF in group A had diminished peripheral circulation 
(cold and clammy skin). No side effects due to L occurred 
CONCLUSIONS: 1) Im L in the given dosage seems to be 
ineffective in preventing PVF. 2) The ineffectiveness may 
be related to a diminished peripheral circulation, which 
often occurs in the acute phase of MI. 


THE INFLUENCE OF HISTAMINE H2 RECEPTOR 
ANTAGONISTS ON OUABAIN CARDIOTOXICITY IN 
THE CAT 


John C. Somberg, M.D., Norman Cagin, M.D., 
Barrie Levitt, F.A.C.C., Jack J. Kleid, FAC.C, 
Roberto Levi, M.D., Mary Beth Gerrity and 
Helen Bounous, New York Medical College and 
Cornell University Medical College, N.Y., N.Y. 


The effect of cimetidine (C), 5, 10 & 20 mcg/ 
kg/min (open-chest) and of metiamide (M) 12.2 

& 25 mcg/kg/min (close-chest) were evaluated 

in vagotamized, mechanically ventilated, pento- 
barbital anesthetized cats receiving Oubain 6) 
1 mcg/kg/min. In controls, lethal dose (LD) 
was 6741 while (M) 12.2 & 25 mcg/kg/min in- 


creased the LD to 9516 & 107-45 mcg of (0) /kg 


respectively. C increased the LD of (0) only 
when 10 ug/kg/min was given. In controls the 
LD of (0) was 6744, while after (C) 5, 10 & 20 
mcg/kg/min, the LD of (0) was 7945, 10377 & 


6643 mcg/kg respectively. All animals died in 
ventricular fibrillation. (C) & (M) did not 
influence heart rate, arterial blood pressure 
or A V conduction time. The data suggest that 
histamine may play a role in (0) cardiotoxicity 
& that H2 receptor antagonists may possess 
antiarrhythmic potential. 
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CRITICAL ANALYSIS OF VENTRICULAR REENTRY IN THE LATE MYO- 
CARDIAL INFARCTION PERIOD 

Nabil El-Sherif, MD; Benjamin J. Scherlag, PhD, FACC; 
Ralph Lazzara, MD, FACC; Ronald Hope, MD, V.A. Hospital 
and Univ. of Miami, Miami, Fla. 


Almost all in vivo studies of probable reentrant ventri- 
cular arrhythmias (RVA) failed to illustrate the one un- 
equivocal evidence of reentry, viz. the recording of con- 
tinuous electrical activity that regularly and predict- 
ably bridges the diastolic interval between the initiat- 
ing and reentrant beats as well as between consecutive 
reentrant beats. We have studied dogs 3-7 days follow- 
ing ligation of the anterior descending artery utilizing 
multiple bipolar electrodes. We consistently induced RVA 
and regularly recorded the continuous electrical activity 
of the reentrant pathway (RP) from the epicardial surface 
of the infarction zone (IZ). Reentry could be induced 
during regular heart rate (HR) or following premature 
beats (PB). A critical range of HR would produce a Wen- 
ckebach-like conduction pattern (W) in a RP with a beat- 
to-beat increment of conduction delay until the activa- 
tion wave front is sufficiently delayed to reexcite nor- 
mal myocardium. A regular repetition of W periodicy (e.g 
3:2 or 4:3 cycles) could result in à trigeminal or quadri 
geminal rhythm, respectively.  PBs with a critical range 
of coupling intervals could result in sufficient conduc- 
tion delay to induce reentry. PBs with shorter coupling 
blocked in the RP and were not followed by reentry. Re- 
entry could be manifest or concealed, the later was seen 
when local activation of the normal zone adjacent to the 
IZ was demonstrated without a change of the QRS in ECG 
leads. In summary, these observations provide the most 
direct in vivo evidence of ventricular reentry. They al: 
illustrate the propensity to develop serious RVA and sud- 
den death in the late myocardial infarction period. 


INTRACARDIAC ELECTROPHYSIOLOGIC STUDIES IN PATIENTS RE- 
SUSCITATED FROM UNEXPECTED CARDIAC ARREST OUTSIDE THE HOS 
PITAL. 

Robert J. Myerburg, MD, FACC, Ruey J. Sung, MD, FACC, 
Cesar Conde, MD, Stephen M. Mallon, MD, FACC, Agustin 
Castellanos, MD, FACC, University of Miami School of Med- 
icine, Miami, Florida 


Intracardiac electrophysiologic (EP) studies were per- 
formed within 72-hours of admission on 10 patients (pts) 
who had been resuscitated at the scene of an unexpected 
cardiac arrest in the community. The initial rhythm tele 
metered by Fire Rescue was ventricular fibrillation (VF) 
in 4 pts, and rapid ventricular tachycardia (VT) in 6 pt: 
None of the pts had historic, enzymatic, or ECG evolutio 
ary evidence of acute myocardial infarction, but 5 of th 
6 VT pts had ventricular aneurysms. Aneurysms were iden- 
tified in none of the VF pts. Intracardiac EP studies we 
carried out during ventricular coupling to sinus beats; 
and if no arrhythmias appeared, during programmed pacing 
with the extra-stimulus (St) method. Studies were perfor 
ed at 2 driving cycle lengths, and from 3 different righ 
ventricular sites (apex, inflow tract, outflow tract). N 
ventricular arrhythmias occurred in the VF pts during th 
course of these studies, with the exception of spontaneo 
ventricular ectopic activity which had been present prio 
to the studies. However, in 5 of the 6 VT pts, VTs simil 
to those which had occurred spontaneously were triggered 
during the studies. They were not directly elicited by 
coupling to sinus beats, and required the presence of ar 
intermediate (St-on-T induced) ectopic rhythm, different 
in rate and contour than that on the ensuing sustained V 
The data suggest that the EP disturbance underlying VT i 
pts with ventricular aneurysms is persistent, in contras 
to the pts with unexpected VF, in whom arrhythmias were 
not triggered during EP studies 72-hours after VF. The I 
disturbance underlying unexpected VF may be transient. 
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“CTSA Manr 
A long-term arrhythmia detection and treatment program 


| . Suscitated from unexpected cardiac arrest in the commun- 
Hun dty. As mptomatic complex ventricular arrhythmias (ACVA) 


term follow-up during the first year of the program. These 
S have been followed for an average of 7.6 months, 


LI 


%) demonstrated ACVA on at least 1 tape, and ACVAs 
MeocEed in a total of 29 of 80 tapes (362). On TT, 
16 pts (44%) transmitted ACVAs, with 151 out of 1,818 
TTs positive for ACVA (8.3%). The pt population is main- 
tained on a carefully controlled, high dosage antiarrhy- 
. thmic drug program, monitored by blood levels, with good 
_ adherence. Only membrane-active antiarrhythmic drugs are 
_ used at this time. There has been l death in 122 pt-months 
Eo observation to date, or 10%/yr. This compares with a 

_ 30% 1-year mortality in a historical control population 

_ of long-term survivors of cardiac arrest. It is concluded 
Y As resistant to membrane-active antiarrhythmic 
drug t erapy are common, if not universal, in this pt pop- 
A lation. Despite the failure to suppress ACVAs, however, 
/ the drug-treated population shows an early trend to a de- 
-creased frequency of deaths due to recurrent cardiac 


| arrest. 
å 4: SA] x 
















































EV a 
5 a 
v | 


. (e 


eder P. ~ 


" C 
» 


ENTRICULAR ELECTRICAL INSTABILITY IN THE CONSCIOUS DOG 
-~ Regis A. DeSilva, MB; Richard L. Verrier, PhD; Bernard 
- - Lown, MD, FACC; Deparment of Nutrition, Harvard School 
_ of Public Health, Boston Mass. | 


RA: the anesthetized dog morphine sulfate (MS) decreases 

. cardiac vulnerability to ventricular fibrillation (VF). 

^. It is uncertain whether MS protects the fully conscious 

E eee against enhanced vulnerability associated with 

: _ psychologic stress. In 12 dogs, pacing and recording 

~ Catheters were positioned in the right ventricle 6 days 

= prior to experimentation. The repetitive extrasystole 

~ threshold (RET) was selected as a measure of ventricular 
"vulnerability to fibrillation. The animals were tested 

‘two different environments. The first was a sound 

enuated cage where the animal was undisturbed. The 

i environment was a sling where the animal received 


le 5 joule transthoracic shock on 3 consecutive 
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reduced to 17.3 + 2.1 ma (P<0.01). When MS (0.25 
A mg/kg) was given 30 minutes prior to placing the dog in 
~ the sling on the following day, the RET was increased to 
7.24.2 + 2.3 ma which was significantly different from 
. that obtained prior to treatment (P < 0.01). Six dogs 
- which received MS in the sling were treated with atro- 
~ pine 0.2 mg/kg. In these dogs, atropine decreased the | 
| RET from 24.0 + 4.2 ma to 20.3 + 3.3 ma (P« 0.01). In 6 
- dogs given MS (0.25 mg/kg) in the cage, no increase in 
| RET was observed. We conclude that: | 
_ Protective effect on vulnerability to VF associated with 
| psychologic stress, and, 2) this effect is mediated - 
c iod by the vagotonic action of the drug. cols 
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RECOGNITION OF LEFT VENTRICULAR HYPERTROPHY: A COMPARISO: 
OF ECHOCARDIOGRAPHIC AND ELECTROCARDIOGRAPHIC METHODS. 
Richard B. Devereux, M.D.; Nathaniel Reichek, M.D.; Uni- 
versity of Pennsylvania School of Medicine, Philadelphia 
Pennsylvania. | | (EROR 


To develop a better method for the clinical recogni tioi 
of left ventricular hypertrophy (LVH), echocardiographic 
LV mass (LVME) and Romhilt-Estes ECG criteria (RE) were 
compared in 30 patients with known autopsy LVM (LVMA, 
normal « 215 g), and in a representative clinica! series 
of 101 patients. In the autopsy series conventional LVMI 
was 100% sensitive (14/14) but only 19% specific (13/16 
false *). RE was insensitive (43%, 6/14) but specific 
(87%, 14/16). Overall accuracy of RE was 66%, that of 
LVME only 572. A revised method for LVME (LVME-R), pre- 
viously reported, correlated well with LVMA (r=.98, s.d.- 
24 g). A regression based on LVME-R (LVMA=1.13(LVME-R)- 
38 g) was sensitive (86%, 12/14) and specific (100%, 
16/16) for LVH with overall accuracy of 93%. Two false 
negatives were within 10 g of LVH. — atre 


In the clinical series, using LVME-R regression as 
reference, conventional LVME made false diagnoses of LVH 
in 35/70 normals, was 100% sensitive (31/31) and correct- 
ly classified 667 of patients. RE was insensitive (527, 
16/31) but specific (92%, 64/70) and correctly classified 
792 of patients. 


We conclude that conventional LVME offers no advantage 
over RE for recognition of LVH. In contrast, LVME-R by 
regression is both sensitive and specific and improves 
ds recognition of LVH in a representative clinical popu- 

ation. 


ECHOCARDIOGRAPHIC MEASUREMENTS OF LEFT VENTRICULAR WALL 
THICKNESS IN WEIGHT LIFTERS: A PROBLEM WITH THE DEFIN- 
ITION OF ASH. 
Francis J. Menapace, M.D., William J. Hammer, M.D., Ken- 
neth K. Kessler, M.D., F.A.C.C., Theodore Ritzer, Ph.D., 
Alfred A. Bove, M.D., Ph.D., F.A.C.C., Howard H. Warner, 
M.D., F.A.C.C., and James F. Spann, M.D., F.A.C.C. 
Temple University, Phila. Pa. 19140 
Recent data suggests that some athletes fulfill echo- 
cardiographic (echo) criteria for asymmetric septal hy- 
pertrophy (ASH) with a ventricular septum (VS) to left 
ventricular free wall (LVFW) ratio (VS/LVFW) of 1.3 or 
more. We performed an echo evaluation of 14 nationally 
ranked weight lifters (WL) without a family history of 
ASH or IHSS, a normal cardiovascular examination and 
without Romhilt-Estes (R-E) ECG criteria for LVH. These 
were compared with 10 normal (N) patients (pts), 9 pts 
with IHSS and 8 pts with ASH (4 pts who had first degree 
relatives with IHSS, and 4 pts without systemic hyper- 
tension but with LVH by ECG (R-E), positive exercise 
tests, no provocable gradient and normal coronary artery 
anatomy). The average VS/LVFW was 1.3 or greater in WL 
(1.44*.04), ASH (1.50+.06) and IHSS (1.57+.03). Since 
it is unlikely that all WL had ASH, the VS was compared 
to the LV systolic dimension (DS) from echo to separate - 
WL from pts with ASH. Using this ratio (VS/DS), WL were 
not different from N (WL: 0.41+.02, N: 0.31+.01, P>.10) 


while ASH and IHSS were significantly different from N 


and WL (ASH: 0.60+.02, IHSS: 0.78+.06, P€.01 compared to © 
N). We concluded that the increased VS/LVFW in weight 
lifters which would ordinarily be interpreted as ASH, 


mos 


must be interpreted with respect to LV systolic dimension 


s 


(DS), and that VS/DS < .5 identifies the weight lifter as 
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ECHOCARDIOGRAPHIC EVALUATION OF EARLY POSTOPERATIVE LEFT 
VENTRICULAR FUNCTION FOLLOWING AORTIC AND MITRAL VALVE 
REPLACEMENT 

David A. Pritchard, MD; Abdul J. Tajik, MD, FACC; Emilio 
R. Giuliani, MD, FACC; James B. Seward, MD; James R. 
Pluth, MD, Mayo Clinic and Mayo Foundation, Rochester, 
Minn. 


Little is known of left ventricular performance (LVP) 
early after aortic or mitral valve replacement. We stud- 
ied echocardiographic indices of LVP in 57 patients--14 
with mitral regurgitation (MR), 16 aortic regurgitation 
(AR), 19 mitral stenosis (MS), 8 aortic stenosis (AS)-- 
before and 1 week after surgery. Indices included ejection 
fraction; % systolic posterior wall thickening (AAT); and 
a new parameter, the mean corrected rate of posterior wall 
thickening (MATc), corrected for heart rate. Coronary 
disease patients were excluded. Frequent abnormal postop- 
erative ventricular septal motion limited comparisons to 
AT and MATc (means and ranges shown): 


CORE TEMERE IMMO AL A MN EC S 


LAT MATc (walls/s) 









) 
60 (25-90) 53 (30-90)|2.0 (0.7-3.1) 
62 (40-100) 55 (40-82)|2.1 (1.3-3.3) 2. 
Normal: 76 (50-113) Normal: 2.9 (2.0-4.5) 


A significant (P<0.001) fall in MATc and %AT occurred only 
.in the MR group. We believe this reflects acute elevation 
of afterload as a direct result of successful correction 
of MR. Preoperative and postoperative blood pressures were 
not different. Conclusion: LVP remains unchanged early 
postoperatively in AR, AS, and MS groups while a signifi- 
cant decrease occurs in MR. The significance of this find- 
ing with regard to long-term results remains to be seen. 
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SURVEY OF A NORMAL POPULATION WITH THE ECHOCARDIOGRAM 
Ruben Valdez, MD; Jorge Motta, MD; Randolph Martin, MD; 
Elizabeth London, BA; William Haskell, PhD; Richard Popp, 
MD, FACC; Louis Horlick, MD, FACC, Cardiology Div., 
Stanford Univ. Med. School, Stanford Ca. 


In order to develop a set of population norms, measure- 
ments were made on echocardiograms from a sex and age 
stratified random sample of university employees. Age 
groups were divided by decades for ages from 25 to 64 
years. The tracings from 197 subjects were obtained in a 
recumbent, left lateral position with a vertically posi- 
tioned transducer in an appropriate intercostal space. 
Standardized end-diastolic measurements (EDM) were ob- 
tained on the left ventricle (LV), interventricular septum 
(IVS), posterior LV wall (PW), right ventricle and aorta. 
Similarly, end-systolic measurements (ESM) were made on 
the LV, IVS, PW and left atrium. The mitral valve diastol- 
ic excursion (MVEX) and early diastolic slope (MVSL) also 
were measured. ` Data were analyzed by hand and with com- 
puter assistance, yielding means and standard deviations 
adjusted for sex, age and body surface area (BSA). Analy- 
sis of variance and multiple regression analysis were per- 
formed on the above parameters. 


Significant differences (p<0.01) were found between males 
and females for all variables. However, when adjusted for 
BSA, only LVEDM was found to be significantly greater in 
males (p<0.05). Age differences were found for PWESM, 
LVESM, MVEX and MVSL (p<0.01). These differences remained 
significant at the same level when corrected for BSA. 


We conclude that BSA adjustment should be done when com- 
paring individual results to normal standards, since this 
removes the observed sex differences in most variables. 
Nevertheless, significant age trends remain with adjust- 
ment and these differences should be considered when data 
are gathered from an age-diverse population. 
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ECHOCARDIOGRAPHIC EVALUATION OF AN OLDER POPULATION 
WITHOUT CLINICALLY APPARENT HEART DISEASE 

Julius M. Gardin, MD; Walter L. Henry, MD; Daniel D. 
Savage, MD, PhD; Stephen E. Epstein, MD, FACC, National 
Heart, Lung and Blood Institute, Bethesda, Md. and 
Georgetown University, Washington, D.C. 


Application of echocardiography to the evaluation of indi 
viduals with suspected heart disease is increasing mark- 
edly. Although a great proportion of pts studied by echo 
are over 40 years of age, echocardiographic data defining 
normal cardiac dimensions have been derived mainly from 
young individuals. Therefore, we studied an older popule 
tion of normal subjects not only to derive age-related 
normal data, but also to investigate the effects of aging 
on cardiac structure and function. One hundred and five 
older individuals (75 men, 30 women; age range 40-93) whe 
had no known heart disease by history, physical exam, 
recent EKG and chest X-ray were evaluated and compared t: 
a group of 27 younger normal individuals (ages 18-23 yrs, 
Thirty older individuals were excluded because of either 
unsatisfactory echocardiograms, history of at least mode 
ate alcohol intake, or previously unsuspected cardiac ab: 
normalities. Significant (p<.001) increases in mean lef 
atrial dimension (+20%), aortic root dimension (+30%) ani 
ventricular wall thickness (+14%), and a significant de- 
crease in mean mitral E-F slope (-35%) were noted in the 
older subjects, even after correction for body surface 
area. No significant difference in mean LV internal dim 
sion or ejection fraction was found between the two grou 
Evidence of mitral prolapse was found in 7 pts; 3 were 
women (3/30=10%) and 4 were men (4/75=5%). Pericardial | 
fusion was noted in one subject. We conclude that left 
trial and aortic root dimensions, LV wall thickness and 
mitral EF slope are altered by aging while LV dimension 
and ejection fraction are not affected. Also, mitral pro 
lapse is relatively common in our older population. 


TWO-DIMENSIONAL ECHOCARDIOGRAPHIC CHARACTERISTICS OF 
MITRAL STENOSIS. 

Peter M. Nichol, M.D.; Brian W. Gilbert, M.D.; Joseph A 
Kisslo, M.D., Duke University Medical Center, Durham, 
North Carolina. 


A real-time, phased array, two-dimensional echocardiog- 
raphy system (2-DE) was used to assess mitral leaflet 
motion characteristics in 22 catheterized patients (PTS 
with pure mitral stenosis (MS). In long axis, the 
anterior and posterior mitral leaflets (AMA and PML) we 
most thickened and immobile at their mid-portions, rath 
than the tips, as occurs in normals. Diastolic movemen 
of the AML toward the septum pulled the PML tip anterio 
and its mid-portion inferiorly. An M-mode transducer 
aimed at the PML mid-portion from above would perceive 
direction of diastolic motion as away from the chest wa 
(normal direction). Systolic bulging of the mid-portic 
of both mitral leaflets into the left atrium was seen i 
41% (9 of 22) and accounted for the resemblance to miti 
prolapse by M-mode. The EF slope of the AML and mitra] 
ring (MR) were within 10 mm/sec of each other in 81% 
(18 of 22) and did not correlate (r = 0.22 and r = 0.1: 
respectively) with mitral valve area (MVA) calculated ! 
the Gorlin formula. In short axis, the MVA was planim. 
etered from the 2-DE diastolic images (mean 1.8 cm2, 
range 0.9 to 4.4 cm2) and compared favorably to MVA 
determined at catheterization (mean 1.6 cm2, range 0.6 
3.9 cm2). Thus, MS results in a markedly abnormal patti 
of leaflet motion. Inferior PML motion in diastole ma: 
explain the normal direction of PML movement sometimes 
seen by M-mode. Systolic bulging of the leaflets into 
the atrium may explain the simulation of mitral prolap 
also seen on M-mode, MVA, as determined by 2-DE, com- 
pared favorably to that obtained by the Gorlin equatio 
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| L.S. Wann, M.D., Arthur E. Weyman, M.D., FACC, James - 
= C. Dillon, M.D., FACC, Harvey Feigenbaum, M.D., FACC 
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.. Indiana University School of Medicine, Veterans 
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. Real-time cross-sectional echocardiograms (CSE) of 

the mitral valve orifice were recorded in 40 patients 

= with mitral stenosis (MS). Twenty-seven patients had 

= _ pure MS, and 13 patients had associated mitral regur- 

yep sus (MR). Mitral valve area measured during short 

.. axis CSE (MVAe) was compared with MVA calculated using 

_ the Gorlin formula at cardiac catheterization (MVAc) 

. and in two cases was compared with direct measurements 

= Of mitral orifices from pathologic specimens. Both 

.. MVAe and MVAc were compared to the M-mode echocardio- 

.. graphic mitral E-F slope. MVAe showed a high correla- 

tion with MVAc (r=0.89) in patients with pure MS. In 

~ the 13 patients with associated MR, MVAe and MVAc 

correlated less well (r=0.69) with MVAe being consis- 

tently larger than MVAc. The degree of discrepancy 

.. appeared to relate to the amount of angiographic MR. 
The mitral orifice measured pathologically in two 

~ patients agreed exactly with MVAe. Mitral E-F slope 

. was not well correlated with either MVAe or MVAc. 

CSE measurement of MVA correlates well with catheter- 


Der 
= {zation in patients with pure MS, is clearly superior 


to the M-mode mitral E-F slope and may be more 
. accurate than catheterization in patients with asso- 
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_ ULTRASONIC SECTOR SCANNING AS AN ALTERNATIVE OR ADJUNCT 
. TO CARDIAC ANGIOGRAPHY. 

.. Randolph P. Martin, MD; Harry Rakowski, MD; Jay H. 

- Kleiman, MD; Richard L. Popp, MD, FACC; Cardiology Div- 


ke 


_ision, Stanford University Medical School, Stanford, CA. 
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— Cardiac catheterization and angiography in patients (pts) 
ay ith infective endocarditis, intracardiac clot or tumor, 
"oF severe debilitation is associated with increased mor- 
_ tality and morbidity. In 10 such pts the dynamic ultra- 
- sonic images obtained by a phased array 80? sector scan- 
.. ner provided either the primary diagnosis, or sufficient 
. information to permit decisions regarding the need and 
_ timing for surgery. After the results of the ultrasonic 
| studies were known, angiography was done in 8/10 cases 

_ but did not alter the therapeutic decision. 


a 
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In 4 pts with infective endocarditis, vegetations were 

| localized and their size determined. Ball valve obstruc- 
_ tion due to a mitral vegetation was noted in 1 pt, and in 
- another, a pedunculated, highly mobile, infected left 

- ventricular clot was seen. In 2 pts with a history of 

| Systemic emboli, visualization of left ventricular 

. aneur sms suggested the source of clot. Sinus of 

_ Valsalva aneurysms were identified in 2 pts and the site 
| of rupture localized. Other lesions seen were a large 

| left atrial myxosarcoma in 1 pt, and dehiscence of a 

^ prosthetic aortic valve in another. In 3 pts serial 

— studies were used to follow changes in mass lesion size 

. and ventricular function. In 6/10 pts conventional 

. M-mode echocardiography was not diagnostic. 


el EA M ¢ 2 , 7 sat e " : 
|J Sector scanning provides high resolution images non- 
- invasively similar to those obtained by angiography. 
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. Therefore this method can replace angiography in selected 
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 VEGETATIVE ENDOCARDITIS: MORPHOLOGIC CHARACTERIZATION. 

LESIONS BY TWO-DIMENSIONAL ECHOCARDIOGRAPHY = 
Joseph A. Kisslo, M.D.; Brian W. Gilbert, M.D.; Fred A. - 
Crawford, M.D., Duke University Medical Center, Durham, 
North Carolina EU REO ue ERE nes npn D 
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Real-time, phased-array, two-dimensional echocardiography 
(2-DE) was used to document the presence and assess the 
size and location of vegetative lesions of the cardiac 
valves and chambers in seven patients (PTS) with bacterial 
endocarditis (six blood culture positive). Anatomic cor- 
relation (surgical or autopsy) was available in all PTS. 
Four PTS had aortic, two tricuspid and one mitral valve 
involvement. Vegetative lesions were characterized by |. 
the detection of rapidly oscillating masses on the valve 
structures. There was excellent correlation of the echo- 
 cardiographic-anatomic data in determining the position, 
size and morphologic characteristics of the lesions (ses- 
sile or pedunculated). Because it provided unique spatial 
information concerning cardiac structures, 2-DE was able 
to detect the presence of ventricular endocardial lesions 
and, in one patient, the movement of an aortic valve vege- 
tation into the orifice of the left main coronary artery 
in systole. The results of 2-DE were most helpful in 
determining selected aspects of the clinical care provided 
for all PTS. Three PTS underwent aortic valve replace- 
ment and one PT underwent tricuspid valve removal on the 
basis of their clinical conditions and the results of 2-DE 
These data suggest that 2-DE, in time, may provide a 
method for following the morphologic changes that occur 

in vegetative lesions and thereby potentially determine 
the efficacy of antibiotic therapy. This information may 
also provide a means for evaluating certain patients for 
surgical intervention. 


ECHOCARDIOGRAPHIC OBSERVATIONS IN ACTIVE INFECTIVE 
ENDOCARDITIS OCCURRING IN OPIATE OR ALCOHOLIC ADDICTS: 
A COMPARISON OF RIGHT AND LEFT-SIDED VALVULAR LESIONS 
IN 27 PATIENTS 

Nayab Ali, MD; Mazhar U. Sheikh, MD; Joseph J. Andy, MD; 
William C. Roberts, MD, FACC, D. C. General Hospital and 
Howard University Hospital, Washington, D. C. and 


National Heart, Lung and Blood Institute, Bethesda, Md. 


In contrast to the relatively large numbers of reports on 
echocardiographic (echo) observations in patients (pts) 
with either mitral (MV) or aortic valve (AV) active 
infective endocarditis (IE), echo features of active IE 
involving the tricuspid valve (TV) have been reported in 
only 4 pts. Ina recent 19-month period, we studied by 
echo 25 opíate addicts and 2 alcoholics with active IE on 
previously normal valves and 71% of them had active IE 
involving the TV. Of the 81 cardiac valves (excluding the 
pulmonic valve) in the 27 pts, echo abnormalities 
consistent with active IE were detected in 29 (782) of the 
37 clinically incompetent valves and in none cf the 44 
competent valves. Among the 19 pts with TV regurgitation, 
17 had adequate visualization of the TV and 12 (71%) 
showed echo abnormalities of active IE. Echo features of 
active IE were recognized in 13 (932) of 14 incompetent 
MV's and in 4 of 4 incompetent AV's. Comparison of the 
incompetent TV's to the incompetent MV's indicated that 
the echo was less sensitive in detecting TV lesions, that 
rupture of TV chordae tendineae was absent or nondetecta- 
ble, and that TV vegetations tended to be larger. 
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APEX ECHOCARDIOGRAPHY : A NEW METHOD OF IMAGING THE ADULT 
HEART USING A PHASED ARRAY REAL-TIME TWO-DIMENSIONAL 80° 
SECTOR SCANNER | 


Nelson B. Schiller, MD, FACC; Norman H. Silverman, MD, 


FACC, University of California, San Francisco, Ca. 
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- Tomograms af the heart have been obtained in over 100 
adults through the apex impulse using a wide-angle echo- 
graphic Scanner. With the patient on his left side the 
transducer is placed on the apex and aimed basally. With 
the beam plane parallel to the interventricular septum 

- (IVS) a view equivalent to an angiogram (ANGIO) taken in 
the right anterior oblique (RAOE) is obtained. In RAOE 


x the left ventricle (LV) and left atrium (LA) are separat- 


mal in all 12 patients. 


of this technique. 
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Harvey Feigenbaum, MD, 


ed by the mitral valve (MV); the LV apex, the inferior 
and the anterolateral walls of the LV and LA are border 
forming. The RAOE is useful as a long axis LV view for 
volume and wall motion analysis and for detection of LA 
enlargement and MV abnormalities. With the beam plane 

. perpendicular to the IVS plane a view equivalent to the 
hemiaxial ANGIO (HEMAX-E) is seen. The HEMAX-E is a 4- 
chamber view simultaneously showing all or part of the 
right atrium (RA), LA and LV. The LV is again seen in 
its long axis with the apex, IVS and posterior wall 
border forming. The IVS is seen from the central fibrous 
body (CFB) to the apex and the interatrial septum from 

` the CFB to the base. The tricuspid and MV's are seen 
extending laterally from their CFB attachments and, with 
chamber walls, define the limits of the 4 chambers. The 
HEMAX-E is useful for chamber size, wall thickness and 
wall motion analysis, for septal defect detection, valve 
pathology detection and for the study of complex congen- 
ital abnormalities. We consider the technique of apex 
echocardiography. an important addition to the noninvasive 
evaluation of adults with heart disease. 


CROSS-SECTIONAL ECHOCARDIOGRAPHIC VISUALIZATION OF THE 
STENOTIC PULMONARY VALVE 

FACC; Arthur E. Weyman, MD, FACC; 
James C. Dillon, MD, FACC, Indiana University Medical 
Center, Veterans Administration Hospital, Indianapolis, 
Indiana 


M-mode echocardiography can be helpful in detecting val- 
vular pulmonary stenosis (VPS) by noting exaggerated pul- 
monary valve A waves. However this technique is indi- 
rect, non-specific and of no value in identifying mild 
pulmonic stenosis. To evaluate the ability of real-time, 
cross-sectional echocardiography (CSE) to visualize the 
stenotic pulmonary valve, 20 patients with VPS (12 mild, 

8 moderate or severe) and 25 normal subjects were exam- 
ined by CSE in a plane parallel to the main pulmonary ar- 
ter using a mechanical sector scanner. A posterior pul- 
monary valve leaflet was recorded in all 25 normal sub- 
jects. In systole the leaflet was parallel to the pos- 
terior pulmonary artery wall. The posterior pulmonary 
valve leaflet was recorded by CSE in 17 of the 20 pa- 
tients with VPS (85%) and there was an inward curvature 
of the leaflet echoes away from the pulmonary artery wall 
reflecting doming of the valve during systole. In 11 of 
the 12 patients with mild pulmonic stenosis it was possi- 
ble to diagnose VPS using CSE while the M-mode echo- 
cardiogram was either technically unsatisfactory or nor- 
The anterior pulmonary valve 
leaflet was recorded in 13 VPS patients and an estimate 
of orifice diameter was possible in 10 cases, however the 
numbers were too few to assess the quantitative aspects 
The results of this study indicate 
that real-time, CSE can visualize the stenotic pulmonary 
valve and that this technique may be more specific and 
more sensitive than M-mode echocardiography. 
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INFLUENCE OF CORONARY ARTERY OCCLUSION ON THE Re ES 
DISTRIBUTION OF DIGOXIN. Derek Maclean MB, Michael A Davi 
DSc, Peter R Maroko MD FACC. Dept Med, Harvard Med Sch & 
Peter B Brigham Hosp, Boston MA. 

Digoxin(D) is often used in acute nyoté 4140 infürctis 
and its heterogeneous distribution in the ischemic myocar 
dium could differentially affect cell electrical activit) 
and might increase arrhythmogenicity. Thus, the uptake © 
and, more importantly, the "washout" of I-D were exam- 
ined in 28 open-chest dogs. In 6 dogs, 1 min after left 
anterior descending coronary. artery occlusion(occ) 50uCi 
of !?*r-p followed by 1. 6x10 **sr-labeled microspheres ~ 
(7-100) were injected into the left atrium with a refer- 
ence sample drawn from the aorta. At 15 min the dogs wert 
killed and endo and epicardial halves of transmural biop- 
sies, 3 from nonischemic zones(NIZ) and 9 containing all 
the ischemic zone(IZ) obtained. IZ regional myocardial 
blood flow(RMBF) was 17.422.774 of NIZ while '?*I-D concer 
tration was 29.4+6.1% of NIZ; 251-D uptake, although | 
significantly higher (p<.025), was directly proportional 
to RMBF [** 25 Dy of NIZ)=.55RMBF(% of NIZ)+24; n=143, r 

.78]. To evaluate "washout" ?51T-D was given 5 min befo 
occ; 2 ,nin(n-6), 3 hr(n=6), '6 hr(n=7) or 12 hr(n=3) afte 
®Ssr was injected and the dogs killed. In the 5 min 
group, despite severe ischemia (RMBF in IZ was 26.046. 9% 
of NIZ), | *°I-D was distributed equally (1Z/NIZ ratio 0. 
+0.04). However, in the groups occluded for 3, 6 and 127 
hr, in which IZ/NIZ RMBF. ratio was .25, .24 and .23 ree 
pectively, the IZ/NIZ 1 ?51-D concentration ratio was 1.1 
+0.07, 1.20+0.03 and 1.34+0.14; thus, )*°I-D was most co 
centrated in IZ because of slower "washout" [ t-o of 

NIZ)=-2.3RMBF(% of NIZ)+125, n=96, r--.65]. In conclusio 
the uptake of D by ischemic tissue is flow-limited, | al- 
though D concentrations are higher than flow reduction a 
its "washout" is delayed. These observations may have im 
portant implications for the use of digoxin in acute myo 
cardial infarction. 


Tc-99m PYROPHOSPHATE IMAGE OF RAT VENTRICULAR INFARCTS: 
CORRELATION OF TIME COURSE WITH MICROSCOPIC PATHOLOGY 
Jan Lessem, MD; Philip Polimeni, PhD; Ernest Page, MD; 
Leon Resnekov, MD; Paul Harper, MD, University of Chica; 
Chicago, Ill. 


Rats were imaged with Tc-99m pyrophosphate (TcP) € 
mCi, i.v.) after production of left ventricular infarct: 
by in | vivo ligation of the anterior coronary artery, us 
a gamma camera with a 1 mm pinhole collimator at a magn 
fication of 5 to 1l. The hearts were initially imaged 4 
hours (h) post-ligation (PL) and then daily for the nex 
three days. Hearts from a second group of rats were 
imaged ex vivo, after which infarcted and non-infarcted 
tissues were re assayed for radioactivity in a well-type 
gamma counter. A third group of rats with myocardial i 
farctions were sacrificed at the same PL intervals for 
histological study. The infarcts were detected by the 
TcP scanning technique within 4 h, rose in intensity to 
maximum at the 24 and 48 h intervals, and had declined. 
low values by 72 h. During the two day period of maxim 
intensity the intensity in the infarcted zone was 12 to 
times greater than that in tissue remote from the infar 
the corresponding radioactivities ranged from 17- to 75 
fold greater. Correlated light micrographs showed fuch 
sinophilia in infarcted areas by 4 h PL; inflammatory c 
infiltrates and myocardial cell necrosis 4 to 48 h PL; 
and nearly complete removal of necrotic myocardial cell 
by phagocytes 72 h PL. Direct assay for isotope conten 
in the previously scanned myocardial tissue showed that 
the major fraction of Tc was located in the infarcted 
zone. It is concluded that the image reflects predomi- 
nantly the Tc content of myocardial cells which are ne- 
crotic or programmed to die and that the disappearance 
the Tc scan image coincides with phagocyte removal of n 
crotic myocardial cells. 
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n EFFECT Aa on ABOV gate a INJURY AFTER EX- 
. . PERIMENTAL CORONARY ARTERY OCCLUSION. Robert A Kloner MD 
E PhD, Michael C Fishbein MD, Ramzi S Cotran MD, Eugene 
; ‘Braunwald MD FACC, Peter R Maroko MD FACC. Depts Med & 
. Path, Harvard Med Sch & Peter B Brigham Hosp, Boston MA. 
Shy P3 . Microvascular ischemic injury occurring after coronary 
2 | occlusion may further decrease collateral flov and taereby 
have an adverse effect on the evolution of myocardial in- 
sk farction. To determine whether propranolol affects micro- 
. . vascular ischemic injury, open-chest dogs had successive 
/ 15 min and 1 hr temporary occlusions of the anterior des- 
e coronary artery. Epicardial ST segment maps were 
Sek during both occlusions and dogs received saline 
(7 dogs) or propranolol(2 mg/kg iv, 6 dogs) before the 
= Second occlusion. Carbon black(CB, 1 ml/kg), a marker of 
. increased vascular permeability and microvascular damage, 
^". was injected 5 min after releasing the second occlusion 
a and dogs were sacrificed 2 hrs later. Hearts were sampled 
. for light and electron microscopy(EM) and "breadloafed" 
-. for quantitation of gross CB labeling. Mean ST segment 
| elevation was similar in untreated and propranolol-treated 
. dogs during the first occlusion (7*1 vs 9+2mV) but reduced 
_ by propranclol during the second occlusion (6*2 vs 3+2mV, 
v pt. 001). In untreated dogs, EM of injured tissue showed 
swollen myocardial cells, CB-labeled vessels, extravas- 
E near CB, erythrocyte stasis, hemorrhage, thrombi, and 
. endothelial gaps, blebs and swelling. In propranolol- 
©) treated dogs these changes were reduced when studied by 
. morphometric techniques. CB grossly labeled 14+3% of the 
s left ventricie in untreated dogs vs 4+1%(p<.02) in pro- 
. pranolol-treated dogs. The number of CB-labeled vessels/ 
Ns .10 fields/biopsy was 55+7% in untreated vs 27+3% in pro- 
A Been eated dogs(p<.001). It is concluded that the 
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EFFECTS OF CORTICOSTEROIDS ON MYOCARDIAL INFARCT SIZE AND 

HEALING FOLLOWING EXPERIMENTAL CORONARY OCCLUSION. Derek 
if ‘Maclean MB, Peter R Maroko MD FACC, Michael C Fishbein MD, 
Eugene Braunwald MD FACC. Depts Med & Path, Harvard Med 
Sch & Peter B Brigham Hosp, Boston MA. 

FS There is considerable controversy about the effects of 
pharmacologic doses of glucocorticoids on infarct size(IS) 

i i foioring coronary occlusion(0). In order to quantify 

_ their effects directly, the left coronary artery was oc- 

. cluded in 301 rats, divided into control-occluded(C-rats); 

k  hydrocortisone-treated, 50 mg/kg iv 5 min after O(H-rats); 

. methylprednisolone-treated, 50 mg/kg iv 5 min after O 

| Qtl-rats) or Mx4á-rats in which 3 additional doses (at 3, 

E 6 and 24 hr) were administered. IS was determined from 

gu total left ventricular(LV) creatine phosphokinase(CPK) 

3 depression after 2 days: IS in C-rats was 48.3+1.5%(n=69) 

B of. LV; and significantly smaller in H-rats, 38.353.672 

a (n= pay ips. 005); in M LIEN 37.153. abs p<.005); and 


"mined "Bii other fats by planimetric eipeurcnisate of histo- 
ds logic sections (hematoxylin-eosin stain) of serial slices 
Po pf. the LV. After 2 days, IS was 43.1+1.8% of LV in C-rats; 
, and was reduced to 38.5+3.1% in the H-rats; to 33.1+4.0% 
in the Mxl-rats; and to 37.2+2.8% in the Mx4 rats. After 
21 days, IS was 41.5+2.7(n=17) in C-rats and 39.3+3.1% in 
the H-rats(n=16, NS), 37.9+2.7% in the Mxl-rats(n=18, NS) 
" and 44,851.82 in the Mx4-rats(n=25, NS). Scar thickness, 
b as measured by the infarct/septum wall thickness ratio at 
. 21 days, was 0.50+0.03 in C-rats; did not differ in the 

JJ Herats or the Mxl-rats, but decreased significantly in 
^m the Mx4-rats to 0.33+0.02(p<.01). In conclusion, cortico- 
J steroids reduce myocardial infarct size at the peak of 
E. necrosis Me e., at 2 days) but may interfere with need Sag 
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ENHANCED LEFT VENTRICULAR FUNCTION NBN T NER a 
TREATED WITH A POLARIZING SOLUTION: THE ROLE OF SERUM ac 
FREE FATTY ACIDS 

S. Sultan Ahmed, MD, FACC; Chong H. Lee, MD; Henry A. 
Oldewurtel; Timothy J. Regan, MD, FACC, CMDNJ-New Jersey 
Medical School, Newark, N.J. | 





Plasma and tissue free fatty acids (FFA) reportedly 
affect the myocardial response to ischemia. We have 
compared intact anesthetized dogs infused with saline 
(Grp I), 10% glucose, 40 mEq Kt ang 20 U insulin (GKI) 
(Grp II), and GKI plus Intralipid VJ with heparin (Grp 
III), beginning 20 minutes after inflation of a catheter 
tip balloon for total proximal occlusion of the anterior 
descending artery. Plasma FFA fell from a normal of 494 
mEq/L to 143+24 in II and rose in I to 1150+91 and 1437+ 
178 in III. Ejection fraction (EF), EDP and precordial 
mapping following infusions are compared with Grp I at 4 
hours. (*=P vs Grp I«0.05-0.001) 


EF(% of control) NST EST 


Grp N EDP(mm H 
I 8 6.3+20.6 -34 9.6%11.3 4.355.2 
$ 0.5 3.6 11 170. 1;2,.71.0:.0.3 
Il 6 . 5.5»11.2* I* 7.153.9* 9.373. 9* 
+ 0.9 1.0 11 1.0 1.2 1.71.2 
III 6 6.3+ 8.2* -10 11.09 6.0 4.0+1.7% 
+ 0.5 . 1.2 10 2.4 4322 - 11471:2 


Potassium in the ischemic myocardium was 33+4, 53+5* and 
48+2* uEq/g in Grps I, II and III respectively versus 
69+4 in normals. FFA in ischemic muscle did not differ 
from normal of 6*1 uEq/g. The three fold rise of 
arterial glucose was associated with a significant 50% 
increase in glucose uptake in the ischemic area. Thus, 
the improved myocardial function, composition and injury 
potential after GKI appears related to enhanced glucose 
delivery, rather than the level of plasma and tissue FFA. 


BENEFICIAL EFFECTS OF PROSTAGLANDIN E, ON BLOOD FLOW 
DISTRIBUTION DURING MYOCARDIAL ISCHEMIA IN DOGS. 
Ralph Kirmser, MD, Harvey J. Berger, BA, Lawrence S. 
Cohen, MD, FACC, and Steven Wolfson, MD, FACC. 

Yale University School of Medicine, New Haven, Ct. 

Since cardiac prostaglandin (PG) release during ische- 
mia may be involved in the regulation of myocardial blood 
flow (MBF), the effects of PGE? on regional MBF and its 
transmural distribution during reversible coronary 
occlusion were studied in 22 open-chest dogs.  MBF, 
determined using 15y isotope-labelled microspheres and 
arterial reference samples, and mean arterial blood 
pressure were obtained during each of two 120 sec left 
anterior descending (LAD) coronary occlusions separated by 
l hr. Twelve control dogs had identical hemodynamics and 
MBF during 2 similar occlusions.  Endogenous PG synthesis 
was blocked by Indomethacin (10 mg/kg) prior to occlusion. 
Either PGE (1 ug/min) or its vehicle (VEH) was given intra 
atrially preceding and during each occlusion. One g left 
ventricular biopsies within the LAD distribution were de- 
fined as ischemic when their MBF was < 25% of the mean MBF 
of the normal left circumflex zone during VEH occlusion. 

Arterial pressure (meantSEM) during PGE was signifi- 
cantly lower than during VEH (1074-5 vs 82-4 mmHg, p«0.01). 
PGE did not affect transmural MBF (cc/100 g/min) to the 
normal zone (PGE, 82-10; VEH, 106-14, p>0.05) or to the 
ischemic zone (PGE, 10; VEH, 941, p>0.05). However, PGE 
caused a striking increase in the endütardia]/epicardiRi 
(En/Ep) ratio of MBF in the ischemic zone (PGE, 0. 61+0.05; 
VEH, 0.43+0.05, p<0.001). A small, but statistically sig- 
nificant, "increase in ischemic zone endocardial MBF also 
was observed (p«0.05). 

Hypctension, in the setting of ischemia, usually wor- 
sens the En/Ep ratio. Although PGE lowered arterial pres- 
Sure, it increased the ischemic zone En/Ep ratio. This 
suggests that pharmacologic doses of PGE induce a bene-, 


ficial redistribution of MBF during poii occlusion." 
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PROTECTION OF ISCHEMIC CAT MYOCARDIUM BY EXOGENOUS 
PROSTAGLANDIN (PG) INFUSION 

Martin L. Ogletree, BA and Allan M. Lefer, PhD, FACC 
Jefferson Medical College, Philadelphia, PA 


The effectiveness of PGE, or PGF2, in altering the re- 
sponses to acute myocardial ischemia (MI) was studied in 
anesthetized cats. Following mid-sternal thoracotomy, 
initial blood samples were drawn and arterial blood pres- 
sure and lead III of the electrocardiogram (ECG) were re- 
corded. MI was produced by occlusion of the LAD coronary 
artery followed by infusion of PGE] or PGF9, (1 ug/kg/min) 
or 0.9% NaCl. Sham-operated (sham MI) cats served as con- 
trols. After 5 hr, tissue samples of ischemic and normal 
left ventricle were analyzed for enzyme content and total 
protein. MI + NaCl and MI + PGI'2, resulted in significant 
loss of creatine phosphokinase (CPK) from the ischemic 
myocardium when compared to equivalent areas from sham MI 
hearts or normal tissue from the same heart. However. MI 
+ PGE; hearts displayed no significant CPK loss from is- 
chemic tissue. MI significantly elevated plasma CPK after 


2 hr with each treatment, but CPK did not rise in controls. 


Ischemic myocardium from MI + NaCl cats experienced lyso- 
somal disruption and leakage of the lysosomal protease 
cathepsin D. PGE, and PGF2q prevented significant loss of 
bound cathepsin D activity in the ischemic myocardium. 
PGE] or PGF25, prevented the marked S-T segment elevation 
‘seen in the MI + NaCl group. Moreover, infusion of PGE] 
or PGF9, resulted in significant reduction of arterial 
blood pressure and heart rate during MI or sham MI when 
compared to NaCl infusion. Thus, PG infusion relieved 
myocardial 0? demand and maintained lysosomal integrity 
during MI. PGE] also prevented loss of CPK from ischemic 
cardiac tissue indicating preservation of cellular integ- 
rity. 


EFFECTS OF INCREASED HEART RATE ON REGIONAL MYOCARDIAL 
FUNCTION AND CORONARY FLOW PATTERN DURING CORONARY STENO- 
SIS IN THE CONSCIOUS DOG. Hitonobu Tomoike, MD; Dean 
Franklin; Bertrand Crozatier, MD; Daniel McKown; Scott 
Kemper; John Ross, Jr.,MD, FACC, University of California, 
San Diego and Scripps Clinic, La Jolla, California 


Dogs were previously instrumented with an hydraulic occlu- 
dev and a Doppler flow probe on the circumflex coronary 
artery, a left ventricular (LV) miniature pressure gauge, 
pacing wires, and pairs of ultrasonic crystals placed 1 cm 
apart subendocardially in a control segment (CS) and a 
segment to be ischemic (IS). In the conscious state,heart 
rate (HR) was increased by atrial (2 dogs) or right ven- 
tricular (3 dogs) pacing using stepwise (20 beats/min)in- 
creases from 100 to 200 beats/min. Prior to coronary con- 
striction the percent shortening (%AL) and end-diastolic 
length (EDL) of IS area decreased linearly with HR (ZAL = 
-0.05xHR*21.1, r=.99, EDL (mm)= -0.0058xHR*10.5, r=.97) 
along with an increase of CBF (CBF [% of control ]=0.45x 
HR+66.1, r=.97) and the systolic to diastolic flow ratio 
(S/D flow=0.0011xHR -0.012, r=.97). With coronary constr- 
iction (94+7% of control CBF), %AL of IS was near control 
(15.1+1.3 (SEM) vs 15.9+2.1) but with increased HR the IS 
ZAL dropped sharply (ZAL--0.170xHR*30.3, r=.97),and above 
160 beats/min IS showed systolic bulging and further re- 
duced CBF (82+15% vs 143+15% during control pacing). Fol- 
lowing constriction S/D flow increased from .09+.03 dur- 
ing control to .15+.04 and increased further with pacing 
to .55+.16 at HR of 160 (S/D flow=.0034xHR -0.143,r=.98). 
Thus, in the conscious resting dog with partial coronary 
constriction, regional myocardia! dysfunction increases 
progressively with increased HR and an exaggerated change 
in the S/D flow pattern is associated with this function- 
al deterioration. 
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A STUDY OF SEGMENTAL MYOCARDIAL CONTRACTION: PERFORMANCE 
OF WEAK AND STRONG MYOCARDIUM IN SERIES. . 
Gregory J. Allen, Allen W. Wiegner, and Oscar H.L. Bing, 
MD, Harvard Medical School, Boston, and Massachusetts . 
Institute of Technology, Cambridge, MA. 

In focal myocardial disease, segments of heart muscle 
of differing contractile strengths are found, yet the in 
teractions of these heterogeneously contracting areas ar 
poorly understood. Here, the motions of hypoxic heart 
muscle in series with normal myocardium were defined and 
quantified using papillary muscles from 6 rats stimulate 
12 times/min at 28°C at the peak of their active tensior 
curves. Physiologically sequenced contractions (isomet- 
ric contraction, isotonic contraction, isometric relaxa- 
tion, isotonic relaxation) were used with afterload equ: 
to 25% of isometric force. A computer stored the force 
record of a contro! contraction and subjected the muscle 
to this force during 60 min of hypoxia (H) and 30 min ol 
reoxygenation (ROX). In effect, normal myocardium was 
contracting in series with H and ROX muscle. During H, 
normal shortening was progressively replaced by two sho1 
ening phases per contraction: 1) Early shortening (ES) 
diminished rapidly with progressive H until it was re- 
placed by early stretch. 2) Late shortening (LS), which 
occurred at the time during contraction when imposed 
force declined, was dominant after 15 min of H and fur- 
ther exaggerated in the first 10 min of ROX: (Mn+SEM) 


H (min): ROX (min): 

Control 5 15 30 5 30 

ES,Z of Control 100 59+6 -1+3* -9*3* 9+7 5647 
LS,% ES Control  --- 30+3 10:1 421 34+10 51414 


*negative values indicate stretch 

In addition to systolic stretch with severe hypoxia, 
significant shortening, which appears late in the con- 
traction, and may be a consequence of the absence of 
shortening deactivation, characterizes the motion of we 
myocardium in series with stronger muscle. 


RESIDUAL CONTRACTILITY OF ISCHEMIC MYOCARDIUM FOLLOWING 
ACUTE CORONARY OCCLUSION: CONTRIBUTION TO VENTRICULAR 
FUNCTION 

Chaim Yoran, M.D.; E. H. Sonnenblick, M.D., F.A.C.C.; 
E. S. Kirk, Ph.D., Albert Einstein College of Medicine, 
Bronx, New York 


This study assesses the role in maintaining left ventri 
ular function (LVF)of residual contractility sustained 
collateral flow in. myocardium made ischemic by acute oc 
clusion of the left anterior descending artery (LAD). 
cordingly in 15 dogs depleted of catecholamines by rese 
pine to eliminate compensation of normal myocardium, LV 
was determined continuously by measuring stroke volume 
(SV) while increasing LV filling with an aortic - left 
atrial shunt. Heart rate and aortic pressure were con- 
stant. LVF with ischemia (10 min) was compared to rest 
obtained when total segmental cardioplegia was induced 
LAD selective infusion of KCL to raise K concentration. 
approximately 25 mEq/1 (0.5 mEq K* per min). 


SV LV end Diastolic Pressure (LVEDP) mmH 

MI+SEM 8 12 16 

Control 38.7:5.0 L5. 1*1.2 50.524. 3 

Occlusion 32.5t2.7 38.5+3.1 43,143.3 

KC] 26.9+2.8 35.143.2 38.7+3.6 
The reduction in LVF induced by ischemia alone was Sig: 
nificantly enhanced by abolishing contraction in the L/ 
zone with K* infusion. The size of the LAD zone (Z) 
stained by injected dye ranged from 20 to 39% of LV mas 
At LVEDP of 12 mmHg, SV was reduced by segmental cardit 
plegia in proportion to Z: ASV(%)=1.552(% of LV)-20; 
p<.005. Thus a dyskinetic zone of 35% of the LV reduce 
SV by 34% when adrenergic compensation by normal myoca! 
dium was blocked. We conclude that residual contracti: 
lity exists in ischemic myocardium and contributes sig: 
nificantly to left ventricular function. 
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Ed OF ACUTE GLOBAL ISCHEMIA ON DIASTOLIC RELAXATION IN 
i VINE HEARTS | 

"gor Palacios, MD, Wm. John Powell, Jr., MD, F.A.C.C. 
_ Massachusetts General Hospital, Boston, Mass. 
It is not known. whether ventricular relaxation, which is 
E an active, energy requiring process, may be altered by 
E ‘ischemia independent of associated hemodynamic changes. 
The effect of acute myocardial ischemia on the isovolumet- 
Bore relaxation period (IVRP), an index of diastolic relax- 
EU was studied under controlled hemodynamic conditions 
dn 16 anesthetized dogs on right heart bypass at constant 
b . mean aortic pressure and heart rate. One hour of global 










ischemia was followed by one hour of reflow. In 9 dogs, 
deft ventricular end diastolic pressure (LVEDP) was main- 

tained constant throughout. Ischemia produced a signifi- 
cant prolongation of IVRP from 29*3 to 88+7 (SEM)msec 

_ (p<.01). Ischemia, per se, the associated decrease in 
contractility, or the fall in peak left ventricular pres- 
sure secondary to the fall in cardiac output may have 
= contributed to the increase in IVRP. To dissociate these 
| parameters, 7 dogs were studied with constant cardiac out- 
|» put and hence constant peak left ventricular pressure. 
IVRP again was prolonged from 64+8 to 95*8 msec (p«.01). 
This increase tn IVRP occurred in spite of a significant 
increase in LVEDP which, in itself, would shorten IVRP. 
- Ischemia, per se, and/or the associated decrease in con- 
etas most likely contributed to this increase in 
S IW. In 6 additional non ischemic hearts with constant 
[^ cardiac output, contractility was decreased with sodium 
= pentobarbital to the same extent as during ischemia. IVRP 
4 did not change. The elevation of LVEDP, per se, would have 
| been expected to shorten the IVRP; this effect appeared to 
. be counterbalanced by the decrease in contractility re- 
t$ © sulting in no net change in IVRP. Thus, ischemia results 
s “in impaired myocardial relaxation by both a decrease in 











T A and a direct effect on the relaxation pro- 
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p DETECTION OF LATENT VIABILITY IN THE ACUTELY ISCHEMIC 

. CANINE LEFT VENTRICLE WITH POSTEXTRASYSTOLIC POTENTIATION 

. Milliam E. Boden, MD; George Groman, BA; Chang-seng Liang, 

MD, PhD; Carl S. Apstain, MD; William B. Hood, Jr., MD; 

Thorndike Memorial Laboratory, Boston City Hospital and 

Boston University School of Medicine, Boston, Mass. 

. Inotropic augmentation (IA) following a single paired ex- 
trasystole can detect viable but poorly contracting ische- 

E > cardiac muscle, without producing prolonged secondary 

eus myocardial depression due to accelerated oxygen needs, We 

- systematically employed postextrasystolic potentiation 

E ns». in evaluating progression of regional contraction 

. abnormalities in 8 anesthetized open-chest dogs during a 

Ron 0 min occlusion of the left anterior descending (LAD) 

artery using 1 cm epicardial segment-length gauges attach- 

ed to the center (IZ) and border zone (BZ) of the ischemic 

OA ea, and to a control zone (CZ). Segment function was 

| determined from pressure-length loop areas (PLLA) inscrib- 

Eon: right ventricular pacing (meantSEM) at 127.5-3.2 

beats/min and following single closely coupled (17940.03 

^ me sec) extrasystoles, The PLLA, as an index of segmental 

work, (mig ~cm) were (p«0. 019): 

EDO Control 30 sec 1 min 2 min 5 min 10 min 

NUT. 1643 1543 142 14+2 14+2 14+2 

Z+PESP 2443* 2324 . 23434 — 2342* — 2243% 21+2* 

BZ 1442 7+2 6+3 7+2 6+4 4+3 

ams? 24+2* 20+3*  20+2*  20+2* 20+2* 17+2* 
IZ 1143 -9+3 -9+2 -10+2 -12+2 -8+3 

| XZéPESP 16+3* 743* 343* — -342* -4+2* -4+2* 

. We conclude: 1)IZ demonstrates mechanical dysfunction 

stabilizing within 30 sec after occlusion; 2)Despite non- 
ierste PLLA in IZ, PESP produces IA up to 10 min of is- 
ED indicating that IZ can be altered inotropically; 

E: )BZ demonstrates intermediate dysfunction, which nonethe- 


"T 







less augments to CZ leveis with PESP. PESP may identify 
latent viability and potential contractile reserve in the 
. IZ and BZ, heretofore suspected to be absent or negligible. 
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IMPROVED RIGHT VENTRICULAR CONTRACTILITY FOLLOWING DIGI- 
TALIS IN PATIENTS WITH COR PULMONALE AND CHRONIC OBSTRUC- 
TIVE PULMONARY DISEASE. David E. Smith, MD; Joe K. Bissett 
MD, FACC; Marvin L. Murphy, MD, FACC; James R. Phillips, 
MD; James E. Doherty, MD, FACC; and Neil de Soyza, MD. VA 
Hospital-University of Arkansas; Little Rock, Arkansas. 


Tae role of digitalis in the treatment of patients (pts) 
with cor pulmonale secondary to chronic obstructive pul- 
monary disease (COPD) is controversial. The purpose of 
this study was to determine the effect of digitalis on 
righ- ventricular (RV) systolic time intervals (STI) in 
pts with COPD with ECG evidence of RV hypertrophy and a 
recent history of respiratory decompensation. 

Cardiac outputs and simultaneous RV, pulmonary arterial 
and aortic micromanometric pressures were recorded in 7 
pts at O, 10, 20, and 40 min intervals after ouabain (Ou) 
(1 mg iv). Results (mean + SD) are shown below where pre- 
ejection period = PEP; ventricular ejection time = VET; 
cardiac index = CI; end-diastolic pressure = EDP; QA2 = 
interval from onset of ECG Q-wave to aortic incisura, and 
QP2 = interval from Q-wave to pulmonic incisura. 

LEFT CONTROL Ou 40 MIN RIGHT CONTROL Ou-40 MIN 
PEP 134+ 8 115+ 8* 110+19 99-16* 
VET 399420 383*22* 40632 375+26* 
QS2 €QA2) 533+18 498+18* (QP2) 508+ 26 470+18* 
CI 2.740.8 2.7+1.2 
EDP 8.4+ 1 ].7t 2 
(*P«C.01) 

Significant changes in left ventricular and RVSTIs were 
notec at 40 min after ouabain with prominent shortening of 
the GA» and QP2 intervals. These results establish the 
presence of improved right ventricular contractility 
following the use of ouabain in patients with cor pulmo- 
nale and COPD. 


WORSENING OF VENTILATION-PERFUSION RELATIONSHIP IN THE 
LUNGS IN THE FACE OF HEMODYNAMIC IMPROVEMENT DURING 
NITROPRUSSIDE INFUSION. 

Sakti Mookherjee, M.D.,F.A.C.C., Robert Warner, M.D., 
John Keighley, M.D., Anis Obeid, M.D.,F.A.C.C., Dept. of 
Medicine, VA Hospital and Upstate Medical Center, 
Syracuse, New York. 


Arterial P0, (Pa02), mixed venous P0? (PV05), arterial 
PCO, (PCO2) and pH were determined and venous admixture 
(VAD) calculated in 16 male patients with congestive 
heart failure (CHF) before and during sodium nitro- 
prusside (NP) infusion. At the same time cardiac index 
(CI), peripheral systemic (PSR) and total pulmonary 
vascular resistance (TPVR) were determined. Measure- 
ments were obtained when at least a 20% reduction in 
pulmonary artery diastolic pressure (PADP) and/or a 10% 
reduction in mean arterial pressure occurred on NP. 
Results +SEM: 


Control NP P Value 
Pa05 mmHg 7443 68-3 «0.01 
PVO mmHg 31+1 33+1 «0.02 
VADZ 8.44+1.2 12.6+2 «0.01 
CI L/nin/M? 25.15 2.45.14 «0,001 
PADP mmHg 29*3.1 2022 «0.001 
TPVR units 12+2 6+2 «0.001 
TPR units 28+3 19+2 <0.001 


pH, PCO5, tidal and minute ventilation did not change. 
These data suggest that the fall in Pa05 and the increase 
in vencus admixture during NP in CHF result from an 
increased abnormality in ventilation-perfusion relation- 
ships in the lungs with improvement in perfusion with- 
out concomitant change in ventilation. 





1. "PULMONARY VASOCONSTRICTION FOLLOWING CALCIUM CHLORIDE 
| L.J.Drop,D.Scheidegger,M.B.Laver. Anesthesia Laboratory 
Massachusetts General Hospital,Boston,Massachusetts 02114 


= We have studied pulmonary hemodynamics at three different 
plasma concnetrations of ionized calcium [Ca++] (steady 
state) in 14 closed chest dogs breathing spontaneously 
` during halothane (0.52) anesthesia. Hypocalcemia ([Cat+] 
20.43 + 0.04 mM/L) was maintained by constant infusion of 
ACD solution and hypercalcemia ([Cat++]= 1.66 + 0.07 mM/L) 
— by infusion of calcium chloride.Measurements including 
= [Cat++],mean arterial (MAP) and ventricular filling pres- 
sures (PAo,RAP) and cardiac output (thermodilution) were 
made at 5 minute intervals up to 25 minutes and at 40 and 
60 minutes. During hypercalcemia,PA increased significant 
ly (p< 0.025) while SV,HR and PAo remained unchanged, 
indicating that increased pulmonary vascular tone had 
occurred.During hypocal- 
cemia,PAo increased more 
RELATIONSHIP BETWEEN [co"]ano pvr than PA,sothat the PA-PAo 
gradient decreased;SV re- 
mained unchanged.Hence the 
decrease |n PVR was not due 
to pulmonary vasodilation. 
We conclude that acute ele- 
vation of Ca++ above normal 
produces an increased RV 
afterload without change in 
pulmonary blood flow.This 
increased RV afterload may 
not be desirable in situa- 
15 20 tions when increased RV af- 
terload from other causes 
is common(e.g. after car- 
diopulmonary bypass,during 
acute respiratory failure). 
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INCREASES IN BLOOD VOLUME DURING DIURESIS 
IN PATIENTS WITH ACUTE CARDIOGENIC PUL- 
MONARY EDEMA 

Jaime Figueras, MD; Max Harry Weil, MD, FACC, 
University of Southern California Center for the 
Critically Ill, Los Angeles, California 


During acute cardiogenic pulmonary edema, a relative 
increase in hematocrit, plasma proteins and plasma 
oncotic pressure is associated with a decrease in 
plasma volume. In studies on 21 patients with unequi- 
vocal clinical and radiographic evidence of acute 
cardiogenic pulmonary edema, hematocrit was 45.1 + 
4.7% and plasma volume was 36.6 * 1.7 ml/kg. Follow- 
ing treatment with oxygen, furosemide and morphine 
sulfate, clinical improvement with diuresis of 1053 + 
143 ml, reversal of radiographic signs of pulmonary 
edema, and normalization of blood gases were observed. 
There was a concurrent decline in hematocrlt, plasma 
proteins and oncotic pressure, and an increase in 
plasma volume. Hematocrit decreased to 41. 5 € 1. 77, 
(p«0.001), and plasma volume increased to 40. 6 + 2.2 
ml/kg/min (p«0. 05). 


These findings negate the concept that acute heart 
failure with pulmonary edema is associated with an 
increase in intravascular volume. To the contrary, 
the present data reflect contraction of blood volume in 
part associated with extravasation of hypooncotic fluid 
into the lung. Diuresis after administration of furose- 
mide with reversal of pulmonary edema is accompanied 
|J by an increase rather than a decrease in intravascular 
|. volume. 
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ABSENCE OF ROLE FOR ANGIOTENSIN 2 IN THE PULMONARY 
VASCULAR RESPONSE TO HYPOXIA IN THE INTACT DOG. 

Barry L. Fanburg, MD, FACC; Herbert J. Levine, MD, FACC 
and James R. Mieszala, BS, Tufts-New England Medical - 
Center, Boston, MA “ 


Previous studies with isolated and intact rat lung and 
with isolated dog lung indicate that angiotensin 2 (A2) 
is required for increased pulmonary vascular resistance 
(PVR) in response to hypoxia (H). Angiotensin 1 con- 
verting enzyme (AlCE) maintains blood levels of A2. We 
studied the role for A2 in the pulmonary vascular 
response to H in anesthetized dogs (pentobarbital), - 
utilizing bradykinin potentiating nonapeptide (BPP, a)? 
an inhibitor of ALlCE, and 1-sar-8-ile-A2 or dant aie 
A2, competitive inhibitors of A2. Cardiac output and 
pulmonary arterial (PA), left atrial and systemic 
arterial (BP) pressures were recorded in 5 dogs prior t 
during, and following H (5% 05-957 No for 5 min). H 
caused increases in mean PA from 10.8 + 2.0 to 24.3 + 
2.5 mm Hg (p < .005), PVR from 1.9 + 0.3 to 3.5 + 0.6 
units (p < .05), and mean BP from 118.6 + 4.8 to 172.6 :; 
11.6 mm Hg (p« .025). Experiments were repeated with | 
during a constant infusion of BPPg, (1.23 mg/min), whicl 
blocked a hypertensive response to bolus injections of 
Al. Inhibition of AICE by BPPg, slightly decreased BP 
and systemic vascular resistance, but failed to alter 
the pulmonary vascular responses to H. In 3 additional 
dogs, a combination of/l-sar-8-ala-A2 (0.25 mg/min) or 
l-sar-8-ile-A2 (0.025 mg/min) with BPPg. also did not 
alter the response to H. In two dogs, fhe pulmonary — 
vascular response to H was similar before and 1 hour © 
after bilateral nephrectomy. We conclude that circu- 
lating A2 does not play a role in the increased PVR 
secondary to H in anesthetized dogs. 


REFLEX EFFECTS ON THE HEART OF PHYSIOLOGIC HYPERKALEMIA 
IN SKELETAL MUSCLE. | 

Jim C. Costin, M.D., Yale University School of Medicine 
New Haven, Connecticut. 

Reflexes originating in skeletal muscle and affectin 
cardiac performance were studied in 7 dogs utilizing th 
vascularly isolated, innervated, constantly perfused 
(blood), resting gracilis muscle. Local hyperkalemia i 
the muscle was produced by infusion of small amounts of 
KCl into the arterial line; venous effluent from the mu 
cle was collected for analysis and was not returned to 
the animal. Reflex effects on heart rate, systolic BP, 
and dP/dt were observed for control periods and for 3 
levels of venous hyperkalemia both before and after bet 
blockade with propranolol (0.05 mg) in the muscle. 

(t=% increase; +=% decrease; NC=no significant change): 


Art. Venous HR(Early/Late) Sys.BP dP/DT 





Con 4.24.3 4.3*.2 126 173 3890 
4.2.2. 5.6+.4 NC/49.4 46.3 413.1 No8 . 
4.34.3. 6.54.2 10.2/122.7 112.4 . 117,3. Block. 
4.2.3 7.2*.3 +18.3/+31.6 418.4 422.4 

Con 4.9.1 SA FA ...128. 170, 4020 . ees, 
4.1.2. 5.50.3 NC/NC NC #85378: 
4,2+.2 6.6+.3 NC/+3.2 43.1 19.8 Block 
4,3+.2 7.5+.2 NC/44.3 45.9 411.4 


These results show that local hyperkalemia in skelet 
muscle (at levels easily obtained with exercise) can pr 
duce reflex changes in HR, BP, and dP/dt and that these 
changes are graded depending upon the level of local hy 
erkalemia. Of note, HR responded biphasically: an init: 
drop and then increase. The reflex effects are abolish 
with nerve sectioning and significantly diminished with 
local beta blockade in the muscle. These findings offe 
support for the presence of reflexes originating in ske 
etal muscle which affect the heart and may be important 
the cardiovascular changes associated with exercise. 
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2 ZA PET donum 

| on C1 um iori SPI AFTERLOAD 

.. Richa d Reeve, M.D., FACC; F. Joan Sakai, M.D.; J. Ward 

-Kenne , M.D., FACC; William P. Hood 3r., M.D., FACC; 

sii Cha arles E. Rackley, M.D., FACC; Edwin L. Alderman, M.D., 
Thiam Lawson, M.D., Kaiser Raundatton Hospital, 


mateo California. 


E o aprove the usefulness of a single measurement of ejec- 
ae tion fraction (EF), the relation between EF and - measure 
n of afterload was studied in patients with varying after- 
load. Mean systolic outflow resistance (MS%R) was used 
i s a measure of afterload. 6 patients with mitral insuf- 
AENEA (MI) were studied pre and post operatively with 
e angiography and pressure recordings to construct 
PUDOREM volume diagrams with computer techniques. 25 
ts with aortic insufficiency (AI) were studied by 
BR niang angiography. Afterload was altered with | 
ne sin in 12 and with nitroprusside in 13, Patients 
(p ?st-op showed an increase in MSOR, a decrease in 
AC BF, left 5 yencricular end diastolic pressure, left ventri- 
jv ar end diastolic volume (p.01), and no change in 
ee EF was inversely related to MSOR. With 

and nitroprusside changes in EF also were 
y related to MSOR. Animals studied with or with- 
out > Nalvutar. insufficiency showed a similar inverse 

cela ed In conclusion, relating ejection fraction 
to /stolic outflow resistance increases the useful- 
- ness iso single measurement of ejection fraction as an 
x of left ventricular contractility in patients with 
varying afterload studied either acutely or at widely 
zs iud intervals. 


OF RAPID DIGITALIZATION ON LEFT VENTRICULAR 
LUMES “AND ASYNERGY IN PATIENTS WITH CORONARY ARTERY 
EAS QUABAIN VENTRICULOGRAM 
inz MD, FACC; Michael DelVicario,MD;Wilbert S. 
D, FACC; Veterans Administration Hospital,Long 
alifornia and University of California, Irvine 
ts of rapid digitalization on left ventricular 
ssures and indices of contractility have been 
sively. investigated.In contrast,virtually nothing is 
about the influence of rapid digitalization on LV 
eS, Or about its effects on LV asynergy. 
ae m order to evaluate these parameters,21 patients(pts) 
b an tho out hee failure were studied with LV cineangiography 
jefore and after administration of intravenous ouabain(0) 
/ kg Seven pts had no coronary artery disease(CAD) 
jd as normal (control) subjects(Group I),while 14. 
ad extensive CAD(Group II).Standard hemodynamic data 
fir: st sollected.In addition,end-systolic volume index 
T. cs volume index(EDVI),stroke volume in- 


own 


,ejection fraction(EF),and 6 hemiaxes of shorten- 
were also measured.Results: 








Group I . Group II 
Pre-0 Post-O Pre-O _ Post-0 
BES Dor. 157 GPs bo Rien ee E ET 
72323 94323 —. 724 ^ 2045 
50313 58 320 46313 ^ 49353 
A) | ot 6 29 = ye 64 310 0t 9 
Ste *p=0.01 
E he Bight pts dn diu II had segmental wall motion abnor- 
ma lities( 23 HAS).Significant improvement (— 10/6) occurred 
Lir UP eS a 25 HAS (65%) after administration of O;only 
“one became worse. -It is concluded that O not only en- 
- ha caet ea ae ce in normals and in pts with CAD .— 
| ; through Toy EF,but also harkědlý n paaugs the Wé 
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MULT Tee: GATED ACQUISITION (MUGA): AN-IMPROVED — 
NONINVASIVE TECHNIQUE FOR EVALUATION OF REGION- 
AL WALL MOTION (RWM) AND LEFT VENTRICULAR | DN 
FUNCTION (LVF) EUG 
H. William Strauss, M. nous Ross SE SR Ph. Qin 
Robert Bureow, Ph,D., Terry Rehn, M. D., Ian 
Baily, M,D., and Bertram Pitt, M.D. , Johns — 
Hopkins Medical Institution, Baltimore, bat 


Gated badod pool scans after ádnintetraf ids of 
Tc-99m albumin have correlated well with meas- 
urements of RWM and ejection fraction (EF) made 
at eontrast ventriculography, Previous efforts 
to improve on this technique and record informa- 
tion from the entire cardiac cycle have required 
either lengthy collection times or extensive. 
reformatting time, We have developed and eval- 
uated a rapid method of acquiring high resolu- 
tion images in a computer which divides each 
cardiac cycle into 28 frames of data, Usually 
200,000 counts are collected from 1,200 cardiac 
cycles over the region of the heart in each 
frame. The data are immediately available for 
analysis and display. As a 28 frame movie which 
is viewed repetitively in real time to detect 
wall motion abnormalities, To quantify RWM and 
measure LVF the borders of the ventricle are de- 
fined by the computer using an algorithm that 
combines both threshold and derivative criteria. 
Point by point correlation of left ventricular 
volume curves obtained from analysis of MUGA and 
standard 60 frame contrast ventriculography in 3 
patients revealed a correlation coefficient of 
r=0.98 (p.0001). 


MUGA offers a simple and accurate means of de- 
termining RWM and global LVF, » ; 


EXERCISE-INDUCED LEFT VENTRICULAR DYSFUNCTION IN 
SYMPTOMATIC AND ASYMPTOMATIC PATIENTS WITH SEVERE AORTIC 
REGURGITATION ASSESSED BY RADIONUCLIDE ANGIOGRAPHY 
Jeffrey S. Borer, MD; Stephen L. Bacharach,PhD; Michael V. 
Green, MS; Kenneth M. Kent, MD, PhD; Stephen E. Epstein, 
MD, FACC, National Heart, Lung, and Blood vis ip 
Bethesda, Md. 


The usual indication for operation in pts with aortic re- 
gurgitation (AR) is onset of symptoms. Although this ap- 
proach avoids premature operation, about 50% of pts oper- 
ated on for this indication are dead within 4 yrs after 
operation. Indirect evidence suggests that most pts in 
this subgroup had poor left ventricular function (LVF) pre- 
op; symptoms often appeared only after LVF had markedly ~ 
deteriorated. Hence, a method is needed to detect earli- 
est evidence of impaired LVF. We have developed a real- 
time movie display technique for scintigraphic-count-based 
analysis of LVF during exercise using gated Tc99n radio- 
nuclide angiograms. With this technique, we have assessed 
LVF in 12 pts with hemodynamically severe AR and 14 age- 
matched normal subjects (N) at rest and during supine bi- 
cycle exercise. Six AR pts were asymptomatic. Ejection 
fraction (EF) increased during exercise in all N @vg=50t4 
(S.D.)Z at rest, 691% during exercise; p<.001), but de- 
creased in 9 of the 12 AR pts (mean decrement 22%, range = 
ll to 34%). EF decreased in all 6 AR pts with any symp— 
toms (minimal to severe), and also in 3 of 6 asymptomatic 
pts. EF was normal at rest in 9 pts; in 6 of these EF 
decreased with exercise. We conclude that in pts with AR. 
(1) exercise-induced decrease in LVF precedes the develop- 
ment. of symptoms in many (and perhaps most) pts; (2) LEO 
becomes abnormal with exercise before changes occur at 

| fest. Since abnormal LVF at rest ds associated. with oat 
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DEPENDENCE OF THE INTENSITY OF THE AORTIC CLOSURE SOUND 
UPON THE RATE OF VENTRICULAR DIASTOLIC RELAXATION AND 
VENTRICULAR PERFORMANCE 

Paul D. Stein, MD, FACC, Hani N. Sabbah, BS and Edward F. 
Blick, Ph D, Henry Ford Hospital, Detroit, Michigan 


The intensity of the closure sound of the normal aortic 
valve (A2) is generally considered to relate only to the 
magnitude of diastolic pressure. However, equations of 
motion of the closed aortic valve, assuming that the valve 
acts as an elastic membrane during early diastole, indi- 
cate that other factors would also affect the intensity 
of (A2). With normal valves, these equations indicate 
that the pressure productive of sound which is generated 
by valvular distension would be proportional to the rate 
of change of the difference of pressure between the aorta 
and ventricle during diastole d(AP)/dt. This implies a 


dependence upon the rate of diastolic relaxation, and 


indirectly, a dependence upon ventricular performance. To 
test this, intraaortic sound was measured in 9 dogs during 
control periods and following propranolol. After pro- 

pranolol, mean aortic diastolic pressure remained unchang- 


. ed; yet there was a significant reduction of max dp/dt, 
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max rate of change of flow, and max rate of change of 
power, indicating that contractile performance diminished 
The peak-to-peak Mc aie s of A2 diminished from control 
levels of (5.80.9) x 10? dynes/cm? to (3.1+0.4) x 10? 
dynes/cm? (P«0.2). The amplitude of A2 correlated with 
max d(AP)/dt (r=.76), as predicted by theory. It also 
correlated with max negative dp/dt (r=.75) and with max 
dp/dt (r-.81). These observations indicate that the in- 
tensity of S2 is dependent upon the rate of diastolic 
relaxation, and by implication, relates to ventricular 
performance. The intensity of A2, therefore, may be of 
clinical value in the qualitative assessment of ventricu- 
lar performance, providing that the leaflets and aortic 
diastolic pressure are normal. 


SINGLE PASS TECHNIQUE FOR BEDSIDE DETERMINATION OF LEFT 
VENTRICULAR (LV) EJECTION FRACTION (EF) AND SEGMENTAL 
WALL MOTION (SWM) 

James A. Jengo, MD; Ismael Mena, MD; Arnold Blaufuss, MD; 
Wai Yeung, MD and J. Michael Criley, MD, FACC. Harbor 
General Hospital-UCLA, Torrance, Ca. 


Bedside single pass studies of EF and SWM are desirable 
in critically ill patients. Gated studies are too 
lengthy and assume a fixed LV geometry.  Correlations of 
angiographic and c-pertechnetate (Tc04) studies are 
reported. In 10 patients immediately prior to the 30° 
RAO contrast ventriculogram a 30 mCi bolus of Tc04 was 
injected through a Swan-Ganz catheter in the right pul- 
monary artery. A 30 second record was made with a port- 
able scintillation camera and computer processed. EF was 
calculated from the IV time/activity curve using a 9- 
point smooth. EF's ranged from .17 to .63. Angiographic 
correlation yielded: r = .84, p<.02. A cardiac cycle was 
divided into 16 frames which were dynamically displayed 
on color TV (256 x 256 matrix). End-systolic (ES) and 
end-diastolic (ED) images were identified from the time/ 
activity curve. Regional wall motion (RM) of the four LV 
quadrants was rated as normal, decreased or absent.Angio- 
graphic correlation of RM yielded: r = .93, p«.Ol. For 
quantitative evaluation of SWM the long and 6 hemiaxes 
were generated by the computer for ED and ES, and changes 
in axial length calculated as percent shortening. In 50 
single axis determinations of SWM angiographic corre- 
lation yielded: r = .77, p «.01. Correlations of EF and 
qualitative RM are satisfactory. Quantitative measure- 
ments of SWM can be improved by: 1) accurate determina- 
tion of the aortic valve level, and 2) automated identi- 


. fication of ED and ES frames. Thus, serial bedside,sin- 
 gle pass determinations of EF and SWM can be incorporated 


|. into the management of the PM ill cardiac patient. 
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TUESDAY, MARCH 8, 1977 

BY PASS GRAFT SURGERY FOR CORONARY DISEASE 
PM K 
4:00 to 5:30 


ATHEROSCLEROSIS OF AORTOCORONARY BYPASS VEIN GRAFTS IN 
NORMAL AND HYPERLIPOPROTEINEMIC PATIENTS 

J. T. Lie, MD, FACC; Gerald M. Lawrie, MD; George C. 
Morris, Jr., MD, FACC, Mayo Clinic, Rochester, Mme y 
and Baylor College of Medicine, Houston, Tex. 


True atherosclerosis rarely occurs in a undisturbed vein, 
and is seen only occasionally in femoropopliteal bypass 
vein grafts (VG). To study the occurrence of atheroscle- 
rosis in aortocoronary bypass (ACB) VG, we compared the 
histopathology of 99 VG from 41 normolipoproteinemic (NL) 
and 14 hyperlipoproteinemic (HL) patients (pts). Althougt 
on lipid-lowering drug therapy, HL pts continued to have 
elevated blood cholesterol and/or triglyceride levels be- 
fore and after ACB. We found that all VG had some degree 
of intimal thickening, increased in severity with time. | 
However, none of the 59 VG from 27 NL and 5 HL (type IV) 
pts who had survived ACB for less than 12 months showed 
atherosclerosis. In contrast, among pts who had survivec 
ACB for 13 to 75 months, atherosclerosis was present in 
3 VG from 2 of 14 NL and in 11 VG from 7 of 9 HL (3 type 
II; 2 type IV; and one each, types III and V) pts. The 
histologic spectrum of VG lesions included predominantly 
smooth muscle cell proliferation with stainable intracel- 
lular lipids; fibrous intimal thickening with scattered 
foam cells and foci of calcification; and the classical 
intimal plaques consisting of a central core of lipid de- 
bris surrounded by fibrous connective tissue and extrace: 
lar acid mucopolysaccharides. Thus, atherosclerosis of 
ACB VG occurs rarely in NL irrespective of the time aftel 
ACB, but is common in HL after an interval of 12 months. 
Unless the blood lipid levels are effectively controlled 
in HL pts, the propensity of VG atherosclerosis would nu: 
lify the therapeutic value of ACB. Our findings provide 
further evidence of the importance of HL in the pathogen! 
sis of atherosclerosis. 


CORONARY BYPASS SURGERY: 
RISK : 
Nicholas T. Kouchoukos, M.D., FACC, Albert Oberman, M.D. 
Robert B. Karp, M.D., FACC and Richard 0. Russell, Jr., 
M.D., FACC, University of Alabama Medical Center, 

Bi rmingham, Alabama. 

Between January 1970 and December 1975, a total of 178 
patients (pts) have had coronary bypass grafting proce- 
dures (CBG). Of the total, 1514 received only vein graf 
(one to four), 76 had concomitant excision of left ven- 
tricular scars, and 191 had replacement of one or more 
valves. Of the 1590 pts without associated valvular dis 
ease, 1335 had their symptoms carefully documented preop 
eratively. Nine hundred twenty-seven (69%) had unstable 
angina defined as a change in the pain pattern within 
three months of operation, 281 (21%) had stable angina, 
127 (10%) had no angina and 407 (30%) had symptoms of co 
gestive failure. The 30-day mortality (M) for the 1590 p 
was 2.0%, for the 1514 having only CBG was 1.6% (24 pts) 
and for the 76 having excision of scars was 9.0% (seven 
pts). For the 979 pts operated upon in 1974 and 1975, th 
M was 1.0%. Fifty-four percent of the latter group 
received three or more grafts as compared with only 18% 
the pts between 1970 and 1973. The M for triple grafts 
the entire series was 1.9% (11/584), and for quadruple 
grafts 0 (0/59). Among 710 pts with EKG and enzymatic 
data, the perioperative infarction rate was 7.9% (56 P 
and for 315 pts operated on in 1974 was 3.5% (11 pts). 
132 pts having concomitant aortic valve replacement, tt 
was 4.5%, for 50 having mitral valve replacement was 14% 
and for nine having aortic and mitral replacement was 1l 
These data indicate that CBG procedures can currently be 
performed with low M and a low incidence of cardiac com- 
plications despite an increase in the number of grafts 
inserted and the complexity of the procedures. The risk 
of operation in pts with coexisting valvular disease 
approaches that for valve replacement alone. 


ASSESSMENT OF CURRENT OPERATIV 
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| — RESULTS OF MEDICAL AND SURGICAL. TREATMENT OF PATIENTS 
= WITH CORONARY DISEASE AND LEFT VENTRICULAR DYSFUNCTION 
= Peter Steele, MD; Robert Vogel, MD; James Anderson, MD; 

| George Pappas , MD; John Frischknecht, MD, Denver 

E Veterans Administration Hospital, Denver , Colorado 


patients. with coronary disease and marked impairment of 
|. left ventricular (LV) performance are generally consider- 
. ed to have a poor prognosis whether or not coronary 
— bypass surgery (CAB) is undertaken. Ninty-seven men 
. (average age 56 years) with coronary disease and LV 
ejection fraction (EF) of < .25 (range .09 - .25; average 
~ 22 have been followed for at least 30 months (or to time 
B» Cof death). All 97 had angina and at least one myocardial 
infarction and 83 (862) had triple vessel coronary 
obstruction. Fourteen (14%) had double vessel disease. 
Fifty men have had CAB and 47 have been treated medically. 
= Of those with CAB 33 (66%) are alive at 30 months, 2 (4%) 
.. died early after CAB («30 days) and 15 (30%) have died 
_ (2-30 months; average 18 months). None had segmental LV 
| resection or mitral valve surgery and intra-aortic 
... balloon assist was required in 12 (24%) in the early post- 
- . operative period. Of those surviving surgery 38 (79%) 
have had improvement in angina. Of those treated 
PO nel 11 (23%) are alive and 36 (77%) have died 
| (0 -30 months; average 13 months). Only 10 (21%) observed 
|. an improvement in angina. Results suggest that men with 
Le katile vessel coronary disease, marked impairment of 
Ae .LVEF and angina have a poor prognosis, that CAB in these 
men is. not associated with a high operative mortality 
and that CAB may favorably alter the natural history 
and be associated with an improvement in angina. 








b: SURGICAL VERSUS MEDICAL THERAPY FOR CORONARY ARTERY DIS- 
- EASE - SURVIVAL DATA - A PRELIMINARY REPORT OF THE RANDOM- 
IZED VA COOPERATIVE STUDY - Marvin L Murphy, MD, FACC; 
rs ss dMnothy Takaro, MD; Herbert N Hultgren, MD, FACC; Kath- 
Bre: erine M Detre, MD; VA Hosp - Univ of AR, Little Rock, AR 
Although recent studies document increased survival in 
E |. surgically treated patients (pts) with left main coronary 
» disease (LMCD), whether survival is increased for all sur- 
E gical groups is undetermined. In 1970 in order to compare 
DD medical and surgical therapy for stable angina, a random- 
3 ized study was begun. Criteria for entry were: (1) sig- 
nificant angina 2 6 mo duration, (2) abnormal resting or 
J exercise electrocardiogram, (3) angiographic evidence of 
E^ 352 or more occlusion of 1 or more major coronary arteries 
_ that were potentially graftable, and (4) acceptable ven- 
— tricular function evaluated by ejection fraction and con- 
EU abnormality. By the end of 1974, 1015 pts were 
^. entered 329 in an initial phase of standardization of an- 
E. p etoptaphic and surgical techniques, and 686 in the final 
. phase. . This report is of the final phase and excludes 90 
pts with LMCD. Risk factors, functional class, extent of 
- coronary artery disease, and ventriculographic abnormali- 
is ties were equally distributed. During the period of pts 
3 accession, 3% of pts did not adhere to assigned therapy. 
ot Survival. results are known in all but 2%. Graft patency 
at l. yr in 80% of eligible surgical pts showed 69% of all 
x ‘grafts patent; 89% of pts had at least 1 graft patent. 
— Cumulative survival rates, including 5% operative mor- 
F tality, are shown: 






Ei Mos After Entry Surgical Medical 

NOS "s No of Pts h No of Pts 
S . 0-12 f 2192% 286 95% 310 
Hv 13-24 "^ .g 90x 263 907 293 

S |. 25-36 Q5 A 198 867 225 

; 


fe a These data show no difference in survival between medi- 
s eally and surgically treated pts with stable angina if pts 
roro With LMCD are excluded. is, 


ia, 286 ' 


emu 


February. 1977 Te American Jour Journal of CARDIOLOGY — | Volume 38 Si 





COMPARISON OF LATE SURVIVAL AND INCIDENCE OF SUDDEN 
CARDIAC DEATH IN SIMILAR MEDICALLY AND SURGICALLY TREATED 
CORONARY DISEASE PATIENTS 

K. E. Hammermeister, MD, FACC; T. A. DeRouen, PhD; J. A. 
Murray, MD, FACC; H. T. Dodge, MD, FACC, VA Hospital and 
University of Washington, Seattle, Washington. 


From Seattle Heart Watch, a community-wide surveillance 
of patients with coronary disease, survival curves and 
incidence of sudden cardiac death (SCD) were calculated 
for 400 medically and 1205 surgically treated coronary 
disease patients comparable in extent of coronary dis- 
ease and ejection fraction (EF). Mean follow-up is 29 
months (range 0-72 months). Life table survival curves 
were constructed for medical and surgical cohorts, each 
subdivided into 9 categories according to 3 levels of EF 
(« 30%, 31-50%, > 51%) and 1, 2, or 3-vessel disease (> 
70% stenosis). No difference in survival between surgi- 
cal and medical therapy was seen in single-vessel disease 
patients at any level of EF. Patients with 2-vessel dis- 
ease and either EF > 51% or EF = 31-50% had significantly 
improved survival with saphenous vein bypass grafting 
(p=0.06 and p=0.03, respectively). Improved survival of 
borderline significance was seen in patients with 3-vesse 
disease and EF = 31-50% (p=0.11). Mortality rates from 
SCD in the medical subsets were 1.8 to 11.5 times as high 
as in comparable surgical subsets, with 12.5% (50/400) of 
the medical cohort dying suddenly compared to only 2.2% 
(27/1205) of the surgical cohort (p < 0.01). Surgically 
treated patients with 2-vessel coronary disease and nor- 
mal or moderately impaired ventricular function and pos- 
sibly patients with 3-vessel disease and moderate impair- 
ment of ventricular function have improved survival due 
to decrease in SCD. 


IDENTIFICATION OF HIGH-RISK PROXIMAL LEFT CORONARY ARTERY 
STENOSIS AMENABLE TO CORONARY BYPASS IN CHRONIC STABLE 
INFERIOR MYOCARDIAL INFARCTION PATIENTS AND CLINICAL 
COURSE AFTER REVASCULARIZATION VERSUS MEDICAL THERAPY 
Richard R. Miller, MD, FACC; Anthony N. DeMaria, MD, FACC, 
Kevim S. Maxwell, BS; Arthur J. Lurie, MD, FACC; Todd M. 
Grehl, MD; Ezra A. Amsterdam, MD, FACC; Dean T. Mason, MD 
FACC, University of California, Davis, California 


To »dentify patients (pts) with coronary stenoses (S) at 
high risk for early mortality and amenable to coronary 
artery bypass surgery (CABS), 84 stable pts with previous 
uncomplicated isolated inferior myocardial infarction (I- 
MI) underwent coronary arteriography. Coronary risk 
factors (RF) and treadmill stress tests (TST) were eval- 
uated as predictors of left coronary disease and courses 
of pts undergoing CABS vs medical therapy were compared. 
Of the 84 pts, 17 (20%) had 1 vessel disease (VD) (> 75% 
stenosis), 29 (35%) 2-VD and 38 (45%) 3-VD; 53 (63%) had 
proximal S of left anterior descending coronary (LAD) in- 
cluding 8 complete and 18 subtotal S. Of these 53 pts, 
42 (79%) were operable (no distal S) and 36/52 (60%) pts 
with circumflex S were operable. Multiple RF and positive 
TST predicted multivessel S but lack of RF and negative 
TST was non-specific. Of 45 pts followed 18 months, 14 
had CABS and were compared to 31 medically treated (Med) 
pts with similar cardiac function [ejection fraction .47 
in CABS vs .52 (p>.05)]. CABS pts had greater (p<.05) 
VD: CABS, 0/14 1-VD, 4/14 (29%) 2-VD, 10/14 (71%) 3-VD vs 
Med, 12/42 (29%) 1- VD, 13/42 (31%) 2-VD and 17/42 (40%) 
3-VD. Angina was reduced in 10 (71%) CABS pts vs 9 (29%) 
Med (p<.05); 2 (14%) CABS pts were unchanged vs 17 (54%) 
Med (p<.05); there were no perioperative or late deaths i: 
CABS pts vs 2 in Med pts (both had operable LAD). Thus 
serious left coronary S is highly prevalent. as well as 
operable in chronic stable I-MI and CABS is superior tę 
medical therapy in improving symptoms. 
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ANGINA PECTORIS: STRESS TESTING 
d AM 
8:30 to 12:00 


REMISSION RATES FOR ANGINA PECTORIS. 
THE FRAMINGHAM STUDY. 

MD, FACC; Paul Sorlie, National Heart, 
Lung, and Blood Institute, National Institutes of Health. 


20-YEAR FOLLOW-UP. 


In the course of the Framingham Study 5,127 persons free 


of evidence of coronary heart disease have been followed 


for 20 years. They were routinely followed biennially 
for the development of clinical manifestations of coron- 
ary heart disease including angina pectoris. In the 
course of the study 147 men and 105 women developed trans- 
ient chest pain provoked by exertion or excitement and 
relieved in less than 15 minutes by rest. Only those 
followed long enough to ascertain remission rates are in- 
cluded. All cases were checked by two examining physi- 
cians who were required to agree before the cases were 
accepted. The incidence of angina pectoris rose progres- 
sively with age in women, but declined beyond age 65 in 
The incidence of uncomplicated angina was higher in 


was less striking than for myocardial infarction at al] 
ages. In contrast, the male predominance for angina 
arising with coronary attacks was more striking and con- 
sistent at all ages. One-third of the angina in men 
arose contiguous with a myocardial infarction or coronary 


. insufficiency, whereas only 15 percent in women was so 
limited. 
curred in 30 percent of subjects with angina, equally in 
X men and women. 


Spontaneous remissions of four or more years oc- 


It was no more likely in the young than 
the old. It was no more likely in those whose angina was 
uncomplicated than in those following a myocardial infarc- 
tion. This high remission rate must be taken into account 
in considering the prescription of drastic remedies for 


angina or in clinical trials of the efficacy of such 


ie 
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remedies. 


CERVICOPRECORDIAL ANGINA: DIAGNOSIS AND MANAGEMENT. Gene 
Myers,MD: Richard Freeman,MD: Daniel Scharf,MD: David 
Herz,MD: Kevin Stanton,MD, Naval Hospiítal,Portsmouth,Va. 


Cervicoprecordial Angina(CPA)is defined as acute attacks 
of substernal pain mimicking myocardial ischemia due to 
cervical spine(CS) osteoarthritis(0). CPA is infrequently 
identified due to the insensitivity of the classical di- 
agnostic maneuvers and lack of familiarity with the com- 
prehensive clinical profile. 17 such pts were identified. 
Criteria were:(1) a clinical syndrome consistent with 
myocardial ischemia(2)reproduction of chest pain with at 
least 1 of 7 diagnostic maneuvers(3)4 view CS xrays con- 
sistent with CSO(4)257 reduction of range of motion of CS 
(5)normal coronary angiograms. Group I maneuvers included 
Addson's, arm hyperabduction,costoclavicular, and sensi- 
tivity to light touch over the chest and arm. Group II 
maneuvers, not generally applied to chest pain syndromes, 
included Spurlings' compression maneuver, posterior cer- 
vical trigger zones and the "cervicoprecordial maneuver." 
13 pts had crushing and 4 sharp knife-like substernal 
pain. l4 had radiation to the arm. 12 had dyspnea, dia- 
phoresis, PND and nausea as striking features of the at- 
tacks. 12 had nocturnal pain. 14 had exercise induced 
pain relieved by rest. In 12 pts nitroglycerin produced 
complete relief in less than 3 min. Neck pain was a minor 
complaint and preceded chest pain in only 5 pts. Group I 
maneuvers alone identified only 7 pts while Group II 
identified all 17 pts. Misdiagnoses in all 17 pts led to 
397 months of presumed "cardiac disability" at a cost of 


. $190,000 to disability agencies. All pts were treated 


vith 6 wks of home CS traction and Phenylbutazone. 11 had 


X marked relief of pain. Two have required CS laminectomy 
|. and foraminotomy for complete relief and 4 await surgery. 
. In conclusion, new diagnostic maneuvers for CPA have 


been described. Once diagnosed this costly "cardiac" 


disability can be effectively treated. 
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EFFECTS OF CHRONIC ORAL ISOSORBIDE DINITRATE UPON THE AN 
ANGINAL RESPONSE TO SUBLINGUAL NITROGLYCERIN: ABSENCE 0 
CROSS NITRATE TOLERANCE SHOWN BY EXERCISE TESTING 
Garrett Lee, MD; Dean T. Mason, MD, FACC; Lillian Reese, 
BS; Anthony N. DeMaria, MD, FACC, University of Californ 
Davis, California 


Controversy exists regarding the ability of sustained re 
lease oral nitrates to induce tolerance to sublingual 
nitroglycerin (NTG). Thus this study evaluates the effe 
upon NTG-induced improvement in exercise testing (ET) of 
isosorbide dinitrate (ISO) administration in 13 coronary 
disease (CAD) patients (pts) compared to placebo (P) ad- 
ministration in 16 CAD pts. Maximal ET were performed i 
all patients before and 5 minutes after 0.6 mg of sub- 
lingual NTG both prior (PRE) and following (POST) one 
month of either P or ISO. During PRE, NTG produced im- 
provement in mean duration (P: 302 to 382 and ISO: 312 t 
382 seconds) and maximal oxygen consumption (VO>) (P: 24 
to 29.2 and ISO: 25.3 to 29.2 cc/Kg/min) (all p<.01), 
while heart rate'blood pressure product (HRxBP) remained 
unchanged (P: 23707 and ISO: 20460) with both P and ISO. 
During POST period NTG again resulted in increases in 
duration (P: 311 to 367 and ISO: 360 to 393 seconds) and 
VO> (P: 25.1 to 28.3 and ISO: 27.9 to 29.8) (all p*.01) 
without change in HRxBP with both P and ISO. Moreover, 
HRxBP (20460 to 21805), duration (382 to 395 seconds) an 
VO, (29.3 to 29.8 cc/Kg/min) following NTG were identica 
both PRE and POST ISO (p>.05). Thus the present demon- 
stration of the ability to achieve equivalent improvemen 
in exercise performance before and one month following 
ISO indicates that chronic oral long-acting nitrate admi 
istration does not result in cross tolerance to the anti 
anginal action of sublingual nitroglycerin. 


CLINICAL AND EXERCISE PREDICTORS OF CORONARY HEART 
DISEASE MORTALITY IN MEN 

R.A. Bruce, T. DeRouen, N. Chinn, and J.B. Irving, 
University of Washington, Seattle, Washington 


Multistage treadmill tests of symptom-limited maximal 
exercise were performed on 6046 men enrolled in the 
Seattle Heart Watch [2426 healthy, 711 hypertensive, 711 
atypical chest pain or "ASHD," 1799 typical coronary 
heart disease (CHD) and 399 unclassified]. Follow-up 
surveillance for 23.8 + 11.0 months on 96% revealed 172 
deaths; 138 (80.2%) attributed to CHD causes. CHD mor- 
tality ranged from 0.8/1000 men at risk/year in healthy 
to 5.3/1000/year in hypertensives and from 20.2 to 146.7 
/1000/year in CHD subgroups. In men free of clinical CH 
duration of exercise was less than stage III; functional 
aerobic impairment > 40%; chest pain; and ST depression 
were significantly (P < 0.05) associated with subsequent 
CHD mortality. In CHD men, age; cardiomegaly; resting 
ECG abnormalities; exercise duration; arrhythmia; systol 
ic pressure and heart rate were significantly associated 
(P < 0.05). With only two variables, risk ranged from 
0.8 to 42.2/1000/year in non-CHD men (P « 0.05), and wit 
three other non-invasive variables, it ranged from 19.6 
to 884/1000/year in CHD men (P < 0.05). Multivariate | 
analyses identified two resting and three exercise vari- 
ables as predictive. Conclusion: Maximal exercise test 
ing facilitates CHD mortality risk assessment in ambula- 
tory men. 
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$) “Ic ACTIVITY IN THE SECOND OF TWO CONSECUTIVE TREADMILL 
een S. Sheps, MD, FACC; Jack C. Ernst, BS; Cesar 
M. ; de MD, FACC; Leo . Lopez MD; Agustin Castellanos 
m ^C; Franklin R. Briese PhD; Robert J. Myerburg MD, 
Face; University of Miami School of Medicine, Miami, FL 
a |. The reproducibility of exercise-induced ventricular 
y ectopic activity (VEA) in two consecutive treadmill stress 
_tests (TT) was studied as a control for the evaluation of 
_ antiarrhythmic therapy of exercise-induced VEA. Two TTs 
were performed, with an intervening rest period of 45 min- 
utes, in 13 patients (pts) who had had at least 1 prior TT 
on a different day. Each subject was free of resting VEA. 
_ Five subjects were normal; and 8 had documented heart dis- 
(o me, (6 coronary disease and 2 valvular disease). An 
_ electrocardiogram was continuously recorded for 4 min at 
est prior to exercise, during exercise, and for 10 min 
Et dona the recovery period. The level of stress was equal 
Fpi in both tests, as indicated by similar rate-pressure pro- 
S. S at stage 1 (175 4 36 in Test 1, and 171 * 35 in 
t Test 2) and at peak exercise (280 * 66 in Test |l and 279 
| $66 in Test 2). The total exercise-induced VEA in Test 1 
| ranged from 5 to 256 ventricular beats (mean - 45) during 
he e cercise and recovery period. During Test 2, the 
otal ranged from O to 41, with a mean of 16 ventricular 
" ectopic beats during exercise and recovery. The differ- 
/. ence between the total VEA in Test 1 and Test 2 was sig- 
- nificant, p<.05. When total VEA on Test l was plotted 
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against total VEA on Test 2 for each individual, a least 
squares regression equation fitted the data well (r=.92). 
This phenomenon did not appear to be due to a learning 
duis sffect, since all pts had had at least 1 prior TT. The 
| data suggest a predictable decrease in the frequency of 
| exercise -induced VEA on the second of two successive TTs 
E Mi thout-any interventions and implies a caution when using 
rien to assess antiarrhythmic therapeutic agents. 
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O THE  REPRODUCIBILITY OF PROFOUND ST SEGMENT DEPRESSION TO 
(MAXI L EXERCISE TREADMILL TESTING 
Ai omas B. Graboys, MD; Philip J. Podrid, MD; Bernard 
Á eH, FACC, Cardiovascular Laboratories, Dept. of 
errat, Harvard School of Public Health, Boston, 
Me s 
s ON A 
Significant ST segment depression ( 5 2mm) following 
exercise has been associated with multivessel or left 
hor iain coronary artery disease. The finding of such a 
Fi response in a single exercise test has justified costly 





























E. ospitalization and coronary angiographic studies. It 
diu is efore relevant to examine the reproducibility of 
ipse exercise induced ST segment changes. 34 patients 
. (PTs) mean age 58 (33M, 1F) were maximally exercised on 
P Mia motorized treadmill (MTT) an average of 7 times (range 
E. 2-18) and exhibited 2mm or » horizontal or downsloping 
p^ ST segment depression (range 2-5mm, 3) in a single test. 
|. 31 PTs had coronary heart disease of whom 26 had sus- 
| tained myocardial infarction. 12 PTs had angina pector- 
s and 6 were receiving digitalis. Mean follow up from 
poc MIT was 59.5 months (range 12-96). In 20 of 34 
(58. 8%) the 2 mm or > ST segment response was not 
reproducible and these PTs exhibited at least one normal 
est and at least one test with only 1 mm ST segment 
depression, Comparison of 20 PTs without reproducible 
o 14 with reproducible MTTs failed to show significant 
ARAN REE in: blood pressure (156/78 vs. 157/83); 
peak heart rate (132 vs. 135); frequency of angina as an 
Ej . indication for ceasing exercise; or duration of the 
xt , exercise procedure (8.5 vs. 8.2 min). The use of "highly 
p>. significant" ST segment response to a single MIT as .the 
| see suide, to changes in PT management should be tem- 
pered by the relative lack of VA AM erra of this 
i Procedure, zo ta 


ASYMPTOMATIC PATIENTS. 


NEN CRITERIA F FOR EVALUATING "por Hive eoe TESTS qu. 
Eugene C. Lozner, M.D.; Joel . 

Morganroth, M.D., FACC; University of Feta Paap. Schoo! 
of Medicine, Philadelphia, PA. 
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Only 30-40% of asymptomatic patients with: > I i ST desi ^ 
pression during maximal exercise testing have a 'Tograph- 
ically demonstrable coronary artery disease (CAD). To - 
determine whether the predictive value of exercise test- 
ing in asymptomatic patients could be enhanced by requir- 
ing » 2 mm planar or downsloping ST segment depression, 
we reviewed 2,012 general maximal treadmill tests and 
identified 25 asymptomatic patients with 2-5 mm ST depres- 
sion, 10 of whom subsequently had coronary arteriography. 
Nine of ten were male (mean age 50). All had normal 
physical examinations, resting electrocardiograms and 
echocardiograms. Twenty-seven symptomatic patients 
(angina pectoris and/or previous MI) with > 2 mm ST de- 
pression served as a control group. Only 3/10 of the 
asymptomatic patients had significant CAD at angiography 
(> 50% obstruction) but of note was that all 3 had > 2 mm 
ST depression persisting 1 minute post exercise. The 7 
asymptomatic patients without CAD all hdd < 1 mm ST de- 
pression at 1 minute. All 27 of the symptomatic controls 
proved to have CAD and 21 had » 2 mm (26 » 1 mm) ST de- 
pression for > 1 minute post exercise. In only 1 of 27 
patients did the ST Segment depression return to baseline 
at 1 minute post exercise. These data suggest that high- 
er degrees of maximal ST segment depression (> 2 mm) do 
not increase the predictive value of exercise testing in 
asymptomatic subjects whereas the persistence of > 2 mm 
ST depression for 1 minute or longer post exercise may be 
a strong indication of the presence of CAD. 


NONINVASIVE DIAGNOSIS OF REGIONAL ISCHEMIA: SUPERIORITY — 
OF DISPLACEMENT CARDIOGRAPHY OVER ECG TREADMILL IN THE - 
DETECTION OF CORONARY DISEASE. Robert A. Silverberg, MD; 
Jeffrey Hendel, BA; George Diamond, MD; Ran Vas, PhD; 
H.J.€. Swan, MD, FACC; James S. Forrester, MD, FACC 
Cedars-Sinai Medical Center, Los Angeles, California 


The incidence of false positive and false negative tread- 
mill ECG tests (TM-ECG) is reported to vary from 10-65%. 
Since alterations in segmental myocardial wall motion 
(SMWM ) invariably occur with ischemia and precede ST-seg- 
ment changes in animals, noninvasive assessment of wall 
motion in man might reduce the high error rate in TM- 
ECG's. SMWM was recorded by the displacement cardiograph 
(DCG), a new, contacting, focal electromagnetic device, in 
28 patients (pts) before and after submaximal treadmill 
exercise (TM) 24 hrs prior to diagnostic catheterization. 
20 pts had angiographically significant coronary artery 
disease (CAD); 8 had no CAD. The DCG signal was read in- 
dependently by 3 observers: 2 agreed on all 56 pre and © 
post-exercise interpretations; the third disagreed on 2 | 
readings. Of those with CAD, 19/20 were correctly predic- 
ted by an abnormal TM-DCG (95% sensitivity), with one 
false negative. In the post TM period, stress-induced DCG 
changes returned to control significantly later than ST 
segment abnormalities. The ECG was positive in only 10/20 
CAD pts (10 false negatives, 50% sensitivity). There were 
no false positive TM-DCG's in the 8 pts with normal angios 
or ir 10 additional nonangioed normals. There were 3 false 
positive TM-ECG's; in all 3, the DCG was correctly nega- 
tive. The TM-DCG, therefore, correctly predicted the pres- 
ence or absence of CAD in 96% of the cases whereas the ECG 
was correct in only 54% (p<0.01). The DCG recording, which 
‘is easily obtained and highly reproducible, he dad 
increases the sensitivity and Speer Mette: of Nds ano A 


treadmill get Na testing. - 
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. BARMFUL EFFECT OF GLUCOSE-INSULIN-POTASSIUM IN PATIENTS 
WITH CORONARY ARTERY DISEASE DURING EXERCISE STRESS. 
Ke" John B. Kostis, MD, FACC; Joseph A. George, MD; Kiyoshi 
‘Hayase, Ph.D; Abel E. Moreyra, MD; Peter T. Kuo, MD, FACC. 
 CMDNJ-Rutgers Medical School, Piscataway, New Jersey 


‘Maximum treadmill exercise testing was performed in double 
blind fashion on 9 untrained non-diabetic subjects with an 
giographically proven coronary artery disease and stable 
exercise tolerance. They were exercised on 3 different 
days in randomized sequence as follows: With infusion of 
30% solution of glucose in water containing 50 units of 
regular insulin and 80mEq of KCl per liter, lml/kg/hr 
(GIK); infusion of normal saline, lml/kg/hr (S) and no in- 
fusion (control). There were no significant differences 
l between control and saline experiments. 
A decrease in work capacity (9.9 to 7.0 METS P<0.005) and 
the heart rate x blood pressure product (20318 to 17597 
P«0.025) at end-point was observed in GIK experiments. 
_ When compared at the same exercise level (SEL) more pro- 
= nounced ST depression (average 2.1mm) was seen in GIK than 
in S studies (1.0mm P<.025). In two patients, the exer- 
cise test was negative in control and S and positive in 
GIK. In GIK, a decrease in serum FFA compared to resting 
level was noted at end-point (average 6244Eq/L) and SEL 
(566uEq/L) as opposed to an increase (averaging 634uEq/L 
P<0.001 at end-point and 910 P«0.01 at SEL) in S. An in- 
crease in blood glucose (59mgZ at end-point P«0.025 and 
117mg% at SEL P«0.005) was noted in GIK but not in S. A 
small decrease in serum K (0.15mEq/L) was seen in GIK but 
an increase in the saline group (0.43 P<.001). No differ- 
ences in serum lactate were noted. The data indicate that 
GIK has a deleterious effect in the exercise performance 
of patients with coronary atherosclerosis. It appears 
that increased availability of glucose and K does not have 
a beneficial effect in the presence of depressed FFA 
levels during exercise. 
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EFFECTS OF NITROGLYCERIN ON ECHOCARDIOGRAPHIC LEFT 
VENTRICULAR DIMENSIONS DURING UPRIGHT EXERCISE 

Robert E. Goldstein, MD; E. David Bennett, MRCP; Graham L. 
Leech, St. George's Hospital, London, England 


Changes in left ventricular (LV) size may be important in 
^ the precipitation of anginal symptoms and in their amelio- 
»— ration by nitroglycerin (TNG). Nevertheless, LV dimen- 

sions have not been measured during upright exercise (ex), 
the circumstance most commonly precipitating angina. To 
assess changes in LV end-systolic and end-diastolic dimen- 
sions (ESD, EDD) echocardiograms were obtained from 5 nor- 
mal subjects (nls) and 6 coronary pts during upright rest 
and ex before and after TNG. In pts ESD was considered an 
index of regional performance rather than an estimate of 
overall LV performance. During ex EDD rose in nls (mean 9Z, 
=p<.05) and in pts (mean 11%* with subanginal ex plus 3%* 
more at angina). ESD fell progressively with ex in nls 
but ex induced variable changes in ESD in pts. TNG low- 
ered EDD during ex below comparable pre-TNG values both in 
nls (mean 10%*) and in pts (mean 6%*); TNG-induced de- 
crease in EDD in pts diminished at higher levels. In nls 
and in the 4/6 pts with normal systolic shortening (=EDD- 
ESD) on pre-TNG echo, TNG caused relatively small changes 
in ex ESD (mean-13Z* for nls, -1% for pts) and in systolic 
shortening during ex (mean +2% for nls, 0% for pts). In 
| contrast, in the 2/6 pts with hypokinetic segments within 
the ultrasound beam before TNG, TNG markedly decreased ex 
ESD (mean fall 15mm or 33%) and increased systolic short- 
ening (+25%) during ex. Thus in nls and in pts with 
normally functioning segments on echo, TNG caused a modest 
fall in ex EDD and small changes in ex ESD. However, in 
| pts with hypokinetic segments on echo, TNG greatly im- 
_ proved contraction of these segments during ex. Allevi- 
ation of ischemic hypokinesia during ex may be an impor- 
vs tant aspect of the beneficial action of TNG in os RR pts. 


CM 4. 





bands Ser SAN aiid 





y P 
E wet d 





IMPROVED STRESS TOLERANCE OF THE ISCHEMIC HUMAN 


MYOCARDIUM AFTER CARNITINE ADMINISTRATION 

James H. Thomsen, MD; Vicente U. Yap, MD; Ashvin K. 
Patel, MD; Thomas J. Karras, MD; Stephen L. DeFelice, — 
MD; Austin L. Shug, PhD, VA Hospital, Madison, Wisconsin 


Mitochondrial oxidation of long chain fatty acids re- 
quires L carnitine. The protective effect of DL carnitin 
(C) during myocardial ischemia was evaluated by subjectin 
14 patients with coronary artery disease and no signifi- 
cant left ventricular (LV) dysfunction to 2 coronary sinu 
pacing (CSP) studies separated by 15 min. 8 patients re- 
ceived DL carnitine (20 mg/kg or 40 mg/kg) before the 2nd 
CSP study. Each pacing level was maintained for 3 min. - 
and the pacing rate (PR) was increased by 10 beats/min. 
until angina pectoris occurred, the predicted maximum 
heart rate (HR) was achieved or > 0.30 mV of ST segment 
displacement (STD) was observed. Results are summarized 
as mean values, | ng 

PR# PRP# PD# LVEDP+@ STD+ LaX+ 

(peak) (peak) (min) (mmHg) (mV) (mg%) — 


Controls 


Run 1 138 18199 9.6 22 -0.150 +1. 45 [2 

Run 2 132 17862 8.6 22 20.096* 42-22-2229 
Rx 

Pre C 115 17974 6.3 23 -0.106 42.25 (290. 


Post C — 131* 20062* 10.4* 18 -0.060* 43.29*(397)* 
KEY 


PRP-pressure rate product PD-pacing duration LaX-myo- | 
cardial lactate extraction determined at PR which was 
max in lst CSP run *differs from value of lst CSP run 
p<0.05 excludes patients who reached max. pred. HR in 
CSP run 1 (recorded during interruption of pacing. _ 

We conclude that DL carnitine improves the tolerance a 
ischemic human hearts with well preserved LV function for 
stress associated with an increase in HR and PRP. 


THE INCIDENCE AND SIGNIFICANCE OF EXERCISE INDUCED 
HYPOTENSION | 
Stephen N. Morris, MD, FACC; Paul L. McHenry, MD, FACC, 
Krannert Institute of Cardiology, Indiana bg ur 
School of Medicine, Indianapolis, Indiana. 


The incidence of exercise induced hypotension (EIH) was 
investigated in 450 patients (pts) with definite or sus- 
pected coronary disease undergoing both treadmill exer- 
cise testing and coronary cineangiography. Exercise was 
continued to one of the following end points: chest pain 
85-90% of the pts predicted maximal heart rate; ventricu- 
lar tachycardia; or a sustained decrease of 10 mm or more 
in systolic blood pressure (SBP). A 75% or greater steno 
sis in one or more major coronary arteries was seen in — 
272 pts, of whom 21 had a significant drop in SBP during 
treadmill exercise (TME). Seven of the 21 underwent a 
second TME test each of which confirmed the decrease in 
SBP. The pts with EIH were slightly older than the 
remaining 252 coronary pts (54.8 vs 50.8 years old) but 
had a similar incidence of ischemic ST depression on TME 
(82.6% vs 77.4%). None of 88 pts with single vessel, 6 
of 96 (6%) with two vessel and 15 of 88 (17%) with three 
vessel coronary disease manifested EIH. Therefore 15 of 
21 (71%) pts with EIH had triple vessel disease. A 
decrease in SBP was also observed in 3 of 22 pts with 
noncoronary organic heart disease; all 3 had an obstruc- 
tive cardiomyopathy. Only one of 156 pts with normal 
coronary arteriograms manifested EIH. This individual 
was the only noncoronary pt receiving both inderal and 
aldomet. We also studied 558 normal Indiana State Police 
with maximal TME; and no decrease in SBP occurred during 
exercise on any of 639 TME tests. We conclude that 
treadmill EIH is highly specific for multiple vessel 

POL ORE ae or obstructive cardiomyopathy. | 
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. ACUTE AND  SUB-ACUTE EFFECTS OF DIGITALIS iN SICK SINUS 


" TS Peter. Cainka MD; John McAnulty, MD; Shahbudin 


ter, Portland, OR 

. The risks of digitalis in Sick Sinus Syndrome(SSS)have 
i enha sized. We studied 14 patients(pts)with SSS, mean 
EC age 68 years with SSS defined as: 1) Syncópe or near 
Ama . syncope with heart rate(HR)«60 in 3 pts; 2) sinus pauses 
E »2 Sec in 4; 3) unexpected HR «50 in 7 pts. Ten pts had 
E | syncope and 3 had near syncope. After 12-72 hours of 

J Holter monitoring(HM), all pts underwent His bundle 
.— electrocardiography (HBE) during which ouabain(OU).015 mg/kg 

1 | was given intravenously. HM was repeated for 12-24 hours 
E. s after QU. 
EL . During HBF: sinus node recovery time(SNRT)at paced rate 
(0 M0/nin decreased from(mean*SE)1605*151 pre-OU to 1261:78 
“msec” post-OU(p<.05); longest post pacing pause(PPP) (R-R 
b. / .interval)fell from 2647:800 msec pre-OU to 1855+348 msec 
t (0 post-0U(p». 2); in 1 pt, the PPP of 10.7 sec prior to OU 
4t . decreased to 1.41 sec post-OU. OU increased atrial-His 
interval from 101+12 to 122*14, (p<.025). HV interval was 
.. unchanged. 
During HM: mean HR rose from 55.6+2.2 to 59.9*3.0 post- 
E. | QU(p*.1); slowest and fastest HR showed no signif.cant 
change with OU. No clinically delzterious effect was seen. 
Boo Tn 1 pt, 7 sec symptomatic sinus pauses pre-JU disappeared 
after OU. 
P -.Ouabain shortened SNRT. PPP and HR(acute and subacute) 
- se - showed no significant change. We were unable to demon- 

strate a deleterious effect of OU; an occasional pt was 
- symptomatically improved. Digitalis can be used in SSS, if 


B ven indicated. The clinical value of the observed 










= beneficial effects of digitalis on SNRT and on symptomatic | 


P sinus pauses in an occasional patient needs to be further 
^... evaluated. 
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1 cK , EFFECTS OF VERAPAMIL ON VENTRICULAR AUTOMATICITY AND RE- 
E TRY DURING ACUTE CORONARY OCCLUSION 
RA tph D. ta PhD; Myung S. Yoon, iE 
dete 













3 pu .A-V block and the resultant idioventri- 
te. "dar oru were induced by surgical destruction of the 
X His bundle, and acute myocardial ischemia was produced by 
. ligation of the left anterior descending coronary artery. 
‘The ventricle was paced by basic stimuli, and one or two 
premature beats were introduced at various coupling inter- 
` _ vals after the 10th basic beat. Two different types of 
X. response to these premature beats could be observed: 1) 
Pa rapidly repetitive beats or fibrillation due to re-entry 
after early premature beats, and 2) the appearance of es- 
- Cape beats from idioventricular automatic fibers after 
(00 late premature beats. With this model of ventricular re- 
entry and automaticity, the effect of verapamil was stud- 
E 15 dogs. The phenomenon of re-entry manifested as 
i repetitive beats was observed in 7 out of 15 dogs during 
3 acute coronary occlusion when early premature beats were 
a Pe béoducad. Following verapamil administration, re- 
d / entrant activity was completely inhibited in 7 out of 7 
mt. cases in which it was observed prior to the drug.  Follow- 
ena administration, idioventricular escape inter- 
asd val was significantly increased (decreased automaticity) 
: T ES out of 15 dogs during coronary occlusion. Ventricu- 
fibrillation occurred in 7 out of 15 dogs during coro- 
(o mary occlusion prior to giving verapamil. Following vera- 
| pamil administration, ventricular fibrillation did not 
occur in any of the preparations during coronary occlusion. 
S The results indicate that verapamil can be very effective 
m against the Occurrence of ventricular tachyarrbythmias 
during Baris = infarction. ý "0. 












EiRadfatoola, MD, FACC; University of Oregon Health Sciences 
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ar po OF LTDA te ON RETROGRADE SPE cn PERTODS w 


PATIENTS WITH NORMAL INTRAVENTRICULAR TION 

Jeremy N. Ruskin, MD; Anthony N. Damato, MD: Md 
Akhtar, MD, FACC; James R. Foster, MD, ardiopu monary 
Lab, USPHS Hoapitet. Staten Island, N. Y. | 

Using His bundle elerirograms, the effects of ddocnike 
(L). on retrograde (Rev) refractory periods were evaluate 
in 11 patients (pts) with normal intraventricular conduc 
tion. Af a basic ventricular drive rate (S1S]) extra- 
stimuli (S2) were delivered at decreasing SjS2 intervals 
up to the point of ventricular muscle refractoriness. F 
lowing control (C) studies, L was given intravenously as 
a 1 mg/kg bolus followed by a 4 mg/mirute drip and studi 
were repeated within 15 minutes. L shortened the effec- 
tive refractory period (ERP) of the His-Purkinje system 
(HPS) to a value < the ERT of the ventricular muscle in 
all the 4 pts in whom this parameter could be determined 
(C 324 + 20 msec, L € 281 + 31 msec, p «0.005). Likewis 
L significantly shortened the funttional retractory peri 
(FRP) of the HPS in all pts and at all cycle lengths tes 
ed (C 506 + 39 msec, L 472 + 4 msec, p «0.001). Althoug 
L also decreased the ERP of the ventricular muscle, the 
magnitude of difference was small (C 246 + 28 msec, L 24 
+ 22 msec, p <0.05). in 8/11 pts who had a 1:1 ventricu 
loatrial response during ventricular pacing, the FRP of 
the ventriculoatrial conduction system (shortest Ret AJA 
interval) showed no significant change (C 480 + 72 msec, 
L 493 + 56 msec NS), due to the fact that in 6/8 pts the 
FRP of ventriculo-.rial conduction system was determire 
by the atrioventricular node (AVN). L also produced var 
able effects on Ret ERP of the AVN. Mean plasma level o 
L was 2.9 mg/ml. Conclusions: At therapeutic plasma con 
centrations L; 1) significantly shortens all parameters 
Ret HPS refractoriness in pts with normal intraventricul 
conduction; 2) has variable and inconsistant effects upo 
Ret AVN refractoriness. 





H- OUABAIN BINDING AND Na PUMP TURNOVER RATE IN 
CULTURED MYOCARDIAL CELLS 

David McCall, M.D., Ph.D. Cardiology Division, 
University of Cincinnati, Cincinnati, Ohio 


The present study was carried out to determine 
the kinetics of ouabain binding and release, 
together with Na pump turnover rates in syn- 
chronously contracting monolayers of LEM By 
cardial cells. Non-specific binding of 

ouabain, defined as that occurring in T6 pres- 
ence of 15mM K, was separated from specific | 
binding, presumably to the Na pump moiety, 
under all conditiogs. Exposure togincregsing 
concentrations of "H-ouabain (10 ~M-10 M) re- 
vealed that specific binding (molecules `H- 
ouabain/cell) was non-linear, and clearly dem- 
onstrated saturation at 10, M;and above. Max- 
imum specific binding (10 'M."Hzouab. in a K- 
free solution) indicated 1.6x10° molecules 
bound per cell, The half-time of specific bind- 


ing for 10 'M 5u- ouab. from a K-free solution 


was 10 min. and both the total amount bound and 
the rate of binding were significantly de- 
creased by increasing extracellular K(0.5-10mM) 
Conversely the half-time of release was very 
long (12 hours) and was unaffected by extra- 
cellular K. From previously determined cell 
surface area measurements, and ouabain sen- 
sitive fluxes ,,the Na pump density was calcu- 
lated at 720/u" of cell membrane, with an in- 


dividual pump turnover rate of 50/sec. These 


studies therefore indicate that the kinetics 
ouabain binding, Na did: density and pump 
turnover rates in cultured heart cells are very 
similar to that described for other mammaliam 


tissues. » "t | 
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a AND 8 ADRENERGIC EFFECTS OF EPINEPHRINE ON AUTOMATICITY 
OF HUMAN ATRIUM 
Luc Mary-Rabine, M.D., Nan E. Perry, B.A., Frederick 0. 


Bowman, Jr., M.D., Michael R. Rosen, M.D., FACC, College 
of P&S, New York, N.Y. 


We determined the effects of epinephrine (epi) on automa- 


ticity (aut) of right atrial specialized fibers (RAF) from 


diseased human atria obtained during cardiac surgery. RAF 
were studied with standard microelectrode techniques dur- 
ing superfusion with Tyrode's solution at 370C. At epi 

10-11-10- 7M, aut decreased from a contrcl rate of 29.5*7.7 


' beats/min (meantSE) to a minimum of 14.€*5.6 beats/min 


(p«0.01) at epi 1077M. There was no concomitant change in 
the maximum diastolic potential (MDP) (control: 57.6+1.6 
mV). At epi 10-6-10-4M aut increased to a maximum of 72.6 
+11.8 beats/min (p<0.005) and the MDP increased to -68.7 
+1.9 mV (p<0.005). In RAF superfused with epi and phentol- 
amine 10-6M, aut was CAPUA from control (25.2+6.1 
beats/min) at epi 10-11-10-/M and increased at epi 10-6 to 
10-^M to a maximum of 91.0+11.9 beats/min (p«0.002). 

RAF superfused with epi and propranolol 2x107 7M, aut de- 
creased at epi 10-11 to 10-5M from a control rate of 26.3 
*2.4 beats/min to a minimum of 11.3*3.7 beats/min (p«0.002) 
at epi 10-6M. At epi 107 ^M, aut increased to 60.7*12.7 
beats/min (p<0.05). Thus, the slowing of spontaneous rate 
seen at low concentrations of epi was suppressed and the 
peak rate seen at high concentrations was enhanced bv ad- 
dition of phentolamine. In the presence of propranolol the 
reverse occurred. The slowing of rate at low epi concen- 
trations was unassociated with changes :n MDP, while at 
high epi concentrations, MDP increased. These results sug- 
gest the presence of à and B adrenergic receptors in RAF. 
The à response consists of a slowing of rate, the B re- 
sponse of an acceleration of rate and hvperpolarization of 
RAF. 


EFFECTS OF Na* AND Mg?* ON CALCIUM PERMEABILITY OF THE 
SARCOPLASMIC RETICULUM (SR) 

Arnold M. Katz, MD, FACC; Doris I. Repks, 
BA, Mount Sinai Sch. Med., N.Y., N.Y. 


CT; Gary Fudyma, 


Calciun permeability of rabbit skeletal muscle SR vesicles 
is increased by increasing Cao (Ca?* concentration outside 
the vesicles), and decreased by increasing Ca; (Ca?* con- 
centration within the vesicles). A 1000- [reo change in 
the calcium permeapiti ty coefficient, Ke (defined as Ca 
efflux rate + Ca;) accompanies a 3000-fold change in the 
ratio Ca;/Ca,. Calcium efflux rates and calcium permea- 
bility coefficients were calculated by methods described 
previously (Katz et al. FEBS Letters, In Press) after cal- 
cium uptake in 5 mM MgATP, 50 mM phosphate (Ca; = 150 uM), 
120 mM KCl and 40 mM histidine (pH 6.8) approached steady 
state. Substitution of 120 mM NaCl for 120 mM KCl did not 
affect calcium efflux at constant levels of Cai and Cago, 
and did not change the relationship pears the ratio 
Cai/Cao and Ke. Increased ionized Mg^* concentration in 


the range 0.1 to 1.3 mM (4 to 6 mM MgClo in the presence 


of 5 mM ATP) decreased calcium efflux rate h- fo e as 
levels between 0.1 and 5.0 uM, so that elevated Mg^* e- 
duced Ke 

bidehattivity of calcium efflux to replacement of Kt by 
Nat indicates that the calcium permeability of the SR is 
not controlled by a Na-Ca competition. Calcium efflux 
from SR vesicles, like "Ca-triggered Ce rel.ase" in "skin- 
ned" muscle fibers, is decreased by millimolar Mg^*, sug- 
gesting that the increase in the calcium permeability of 
these membranes associated with increasing Ca, may reflect 
the operation of a permeability control mecnanism similar 


to that which effects Ca-triggered C& release. 
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COMPARISON OF AMINOSUGAR CARDIAC GLYCOSIDES WITH joe e i x 
AND DIGOXIN ON Nat, Kt, ATPASE AND CARDIAC CONTRACTILE D 
FORCE 3 
Robert W. Caldwell, Ph.D. and Clinton B. Nash, Ph. D., 
University of Tennessee Center for the Health Sciences, 
Memphis, Tennessee 38163. 


ASI-222 or 3-8-0(4-amino-4, 6-dideoxy-8-D galactopyranosyl) - 
digitoxigenin and its 4-aminoglucose analog, ASI-254, 

have been shown in our laboratory to have a greater 
therapeutic index (toxic dose/therapeutic dose) than oua- 
bain (0) or digoxin (D). We have compared the ability of 
ASI-222, ASI-254, O and D, to inhibit pork brain Nat, Kt- | 
ATPase (NKA) and to increase the contractile force (CF) 
of isolated, driven (1Hz) rabbit atria. This was done to. 
determine if the salutory dissociation in therapeutic/ s 
contractile and toxic effects of ASI-222 and ASI-254 is . 
related to a lesser ability of these agents to inhibit Ls 
NKA. As inhibitors of NKA, both ASI-222 and ASI-254 were 
found to be about 10 times more potent than 0 or D (T507 E 
ASI-222, 1.3 x 1077M; ASI-254, 1.4 X 1077M; 0, 1.75 X. d 
10^ 6m) . Moreover, this NKA inhibitory activity correlates _ 
closely with the ability of these glycosides to increase — 
CF. The concentration needed to obtain a 50% max CF =- 1- 
response was 1.5 X 1077M for ASI-222, 1.3 X 1077M for ASI- | 
254, 8.4 X 1077M for 0 and 1.2 X 10-9M for D. Gonelu- e 
sions: The greater ability of the aminosugar glycosides E 
to increase CF may be related to their potency for NKA - 
inhibition. However, the greater degree of safety or x M 
therapeutic index afforded by the new glycosides by the ~— 
presence of an amino group on the sugar of these novel ~ 
agents is not due to reduced inhibition of NKA. . 
[Supported by grants from USPHS (HL-17796) and American ^. 
Heart Assoc. 76-1037] ca 


EVIDENCE FOR PREFERENTIAL LEFT PURKINJE FIBER TOXECESY. TO 
CARDIAC GLYCOSIDES. Joseph Reiser, Ph.D., and Gary J. 
Anderson, MD., FACC. William Likoff Cardiovascular Inst. 
Hahnemann Medical College and Hospital. Philadelphia, Pa. 


Cardiac glycoside-induced dysrhythmias have been shown ^. 
to originate more often from the left ventricle. The pur- | 
pose of this study was to (1) demonstrate this presumed 
differential sensitivity of the ventricular specialized y 
conducting tissue using standard electrophysiological tech- 
niques and (2) determine possible différences in ATP-ase 
binding activity as measured from the initial binding rate . 
of 3H-ouabain in vitro. Paired right (RVPF) and left (LVPF) 
canine ventricular fibers vere employed in experiments | 
during which ouabain (2 x 107 7M) was superfused. In 19 of 
23 experiments LVPF's showed earlier signs of toxicity as 
determined by changes in maximum diastolic potential, the 
degree of diastolic depolarization, spontaneous escape 
intervals, and the magnitude of after-depolarizations. 

These data suggest an enhanced glycoside sensitivity of 
LVPF's over RVPF's. To determine if this enhanced sensiti- 
vity of LVPF's could pa related to differences in ATP-ase 
activity, relative Nat Kt ATP-ase activity was compared in — 
canine tissue homogenates of right and left ventricular 
Purkinje fibers. ATP-ase activity was measured at 5 mín 
intervals over a period of 15 min and expressed as pico- 
moles of ATP-dependent ouabain binding per mg protein. 3 
Over the first 5 min interval, LVPF's bound 3H-ouabain at. 

a rate of .013 + .0012 p holes nbi compared to .008 + .008- 
p moles/min for RVPF's (p <.01). The binding rate con- re 
tinued to be significantly higher during the 5-10 min in- 
terval, stabilizing at a similar binding rate during the 
10-15 min interval. The higher 3H-ouabain binding acetic 
of LVPF's may account for the observed enhanced toxicity ai 
of LVPF's. These data support the observation that the  - 
left ventricle is often the site of origin of digitalis- ta 
induced dysrhythmias. B 


: ot 
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ECTROPEYSTOLOGIC EFFECTS or DISOPYRAMIDE 
S! NE | MYOCARDIAL ISCHEMIA - 
kafael piss MD, FACC and Gary Anderson, MD, FACC, 
| Likoff Cardiovascular apg: A, Hahnemann 
vd Philadelphia, Pa X. ; 
d S 7" <3 
M. A or to aiias the underlying electrophysiologic 
E et of discpyramide phosphate (DP) during canine acute 
| myocardial is chemia, 15 min ligations of the left anterior 
mi, a sae coronary artery were performed in 17 dogs with 
_ heart rate controlled by right atrial pacing. Bipolar 
>] lectrograms were recorded in normal (NL) and ischemic 
: (ISCH) areas of the left ventricular myocardium. Late 
T | Hastotte thresholds and refractory periods obtained by 
the extras stimulus technique, were determined in NL and 
as prior. to, after coronary occlusion and fol'ow- 
" ! IV administration of DP 3-4 mg/kg. Following coronary 
'c n, thresholds remained essentially unchanged in NL 






































| areas and increased in ISCH area to 150% of control (p < 
05) ,: . Refractory periods did not change in the NL area 
i n of Cor itrol) but shortened in the ISCH area to $1% 
control (p « .01), creating a 28 msec mean dispersion 
A ee After DP, thresholds increased in both 
ae ISCH areas, to 152% aint 304% of control respec- 
y (p <. 05). Refractory periods prolonged in the NL 
ea to 11: 2x. of control (p «.01) and in the ISCH area to 
10% i of control (p <.001). However, the change in re- 
eriods was relatively greater in the ISCH area, 
ris s de n easing the mean dispersion of refractoriness from 
> 5 msec (p «.001). 
E orations suggest that DP enhances the electri- 
stability of the acutely ischemic ventricle by 1) 
1 reasing thresholds in both NL and ISCH areas and 2) 
Té easing the difference in refractoriness between NL and 


" MEXILETINE (KO 1173) ON ELECTROPHYSIOLOGICAL 
3 OF SHEEP CARDIAC PURKINJE FIBERS ; 
"M. Weld, MD, FACC; J. Thomas Bigger, Jr., MD, 
cc: miel Swistel; John Bordiuk; Columbia University, 
ae ew Yc a New perk 

pares 
Wit andata ESS M Migs techniques, we investigated 
ieee of mexiletine at 0.1, 0.3, 1.0, 3.0, 10.0 and 
x 0.0 mg/liter on action potential (AP) characteristics 
rue fibers (PF) driven at cycle lengths of 400, 

7 800, 1200, and 2000 msec, and on PF exhibiting 
Eurncantous automaticity.  Abbreviation of AP duration 
a 50% and 90% repolarization (APD50, APD90) and a nega- 
P shift of plateau voltage were noted during exposure 
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to me »xiletine at 0.3-1.0 mg/liter. A fall in phase 0 
maximum upstroke velocity (max), without significant 
ch yea in resting transmembrane voltage (Vm), occurred at 
$730 2-10.0 mg/liter. Membrane responsiveness studies 
des ' É ed a shift of the Vmax-Vm relationship to more 
mega ive voltages. The effect of mexiletine on maximum 
por 5 rate was variable, due to mexiletine's effects to 
dec Pase Tsx and APD concurrently. Mexiletine had 
lit le effect on normal automaticity and toxic concentra- 
ns LC ns. did mot induce abnormal automaticity. PF exhib- 
ft ing. abnormal automatic firing due to hypokalemia, iso- 
Y rotei renol, c r ouabain became quiescent Du exposure 
| to mexiletine at 1-3 mg/liter. Mexiletine's antiautoma- 
“tte | mechanism was due largely to a shift in threshold 
d^ age to more positive Vm; the slope of phase 4 depol- 
ari: zation and maximum diastolic voltage showed no signi- 
Fic: cant c change. "Therapeutic" concentrations of mexile- 
put ne produce significant effects. on PF AP phase 0, 
jla ateau, and APD; "toxic" concentrations render PP 
i refractory to external stimulation but ee. not. cause. * 
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|» in amplitude or abolished by Verapamil. 
|J sponses to Verapamil may | 
ionic abnormalities persisting ChPog t ORLA a in cells nr EX AE, a 
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/J-EFFECTS OF PARE ON ISCHEMIC | MYOCA. d 

|... Michel G. Gerin, MD, and Henri E. Kulbertus, — e ern a» 
FACC, University of Liege, Liege. Belgium, _ a ur SS 


We investigated the effects of quinidine abiat tour on 
ventricular conduction and incidence of ventricular R AEA 
rhythmias (VT-VF) during acute myocardial ischemia ds 
(MI). Experiments were performed in 23 open-chest anes- 
thetized dogs subjected to 6 min occlusion of the left an- 
terior déscending coronary before, 12 min and 48 min 
after IV administration of saline(controls:7 dogs) , QUI 

(8 mg/kg:9 dogs), and QUI (16 mg/kg:7 dogs). Conduction 
times were measured from the onset of QRS to the intrin- 
sic deflection of electrograms recorded in ncrmal (NZ) _ 
and ischemic (IZ) epicardial zones, at atrial pacing cycle | 
length of 500, 400 and 300 msec. They were correlated 
with the development of VF and VT (bouts of 10 VPB'sor 
more). The parameters showed no or minimal changes 

in the controls. At 120/min and 12 min after QUI admi- 
nistration, the Q-IZ prolongation increased by 19 msec 
(QUI 8 mg/kg) and 70 msec (QUI 16 mg/kg) over that due 
to MI alone, The increase was absent at 48 min in the 
QUI 8 mg/kg group, and reduced to 9 msec in the QUI 

16 mg/kg group. 12 min after drug administration, the 
incidence of VI-VF was increased by QUI (controls : 1/7; 
QUI & mg/kg : 5/9 ; QUI 16 mg/kg: 7/7). 48 min after 
drug administration, the incidence of VT-VF was increa- 
sed only in the QUI 16 mg/kg group. 

As opposed to previously reported data using the same 
experimental model, these results indicate that, in the 
present experimental conditions, QUI increases conduc- 
tion delay in ischemic myocardium and predisposes to 
development of VT-VF. This further points to the possi- 
ble role of conduction delay in the initiation of VT- ME. 
related to MI. 


EFFECTS OF VERAPAMIL ON LONG-TERM CELLULAR ELECTROPHYSIO- 


LOGIC ABNORMALITIES FOLLOWING EXPERIMENTAL MYOCARDIAL 


INFARCTION. 

Arthur L. Bassett, Ph.D., Robert J. Myerburg, M.D., 
F.A.C.C., Kristina Nilsson, Ruey J. Sung, M.D., F.A.C.C., 
Henry Gelband, M.D., University of Miami School of 
Medicine and V.A. Hospital, Miami, Florida 


Cellular electrophysiologic studies were performed on LV 
tissue obtained from a long-term feline myocardial in- 
farction model which has a 25* incidence of spontaneous 
late ventricular arrhythmias. Three general types of 
transmembrane action potential (TAP) abnormalities were 
recorded from surviving subendocardial cells overlying 
infarctions 1 week to 6 months after experimental in- 
farction (MI): type 1 = decreased resting potential (RP), 


. prolonged action potential duration (APD); type 2 = de- 


creased RP, short APD; type 3 = decreased resting poten- 
tial, slowly rising low amplitude potential. Preparations 
from 12 infarcted cats and 8 controls were studied in 
tissue bath at driving cycle lengths ranging from 500 to 
1000 msec, and superfused with Verapamil at concentrations 
ranging from 0.1 to 2.0 mg/L. Type 1 abnormalities were 
recorded predominantly in tissue studied 1 month or less 
after myocardial infarction. These action potential ab- 
normalities responded to Verapamil by loss of plateau and -~ 
slight lengthening in APD, similar to changes observed in y 
normal cells from the 8 control cats. Type 2 abnormali- 
ties were recorded 3 months or more after myocardial in- 
farctien, and cells having this abnormality were generally Ley 
unaffected by Verapamil. Type 3 abnormalities could be ~ 
identified in infarctions of any age, but more commonly — 
in older infarcts. Type 3 action potentials were reduced 
The various re- 
result from differing membrane | M3 
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RESULTS OF SURGERY FOR CONGENITAL 
HEART DISEASE 

AM ! 

8:30 to 12:00 


SURGICAL CORRECTION OF ATRIOVENTRICULAR CANAL DURING THE 
FIRST YEAR OF LIFE 

Douglas D. Mair, MD, FACC; Dwight C. McGoon, MD, FACC 
Mayo Clinic and Mayo Foundation, Rochester, Minn. 


Between March 1972 and October 1975, 8 infants less than 
l year of age with atrioventricular canal, 5 with the 
complete form and 3 with the partial form, had definitive 
surgical correction performed because of intractable con- 
gestive heart failure. Weight of the infants at the time 
of operation varied from 2.9 to 6.5 kg. In 5 children 
standard cardiopulmonary bypass was used for correction, 
whereas in 3 the technique of deep hypothermia (16 to 
18°C) and circulatory arrest (maximum, 50 minutes) was 
added. There was 1 operative death and there has been l 
late death. The 6 surviving children are symptom-free, 
with postoperative follow-up now ranging from 19 mcnaths to 
more than 4 years. 

This series, although small, demonstrates that this 
lesion can be corrected, even in very small infants, with 
an excellent chance of success. Our present approach to 
the infant with atrioventricular canal who js not pro- 
gressing on medical management is definitive surgical 
correction, and a strong argument can be made for elective 
complete repair of all patients with this lesion during 
the first year or two of life. 


CORRECTION OF COMPLETE ATRIOVENTRICULAR CANAL 


"DEFECT DURING INFANCY 


Walter Culpepper, MD; Jack Kolff, MD; Robert 
Replogle, MD; Rene A. Arcilla, MD, FACC, 
University of Chicago, Chicago, Illinois 


Since 1974, 8 infants with complete A-V canal 
(CAVC) have undergone total surgical repair. All 
were in congestive heart failure and had severe 
pulmonary hypertension (1 had dextrocardia and 
absent IVC). Surgery under deep hypothermia and 
total circulatory arrest was done at age 3-12 
months (mean, 6.8). The CAVC was of Type A in 3, 
Type B in 1, and Type C in 4 (Mayo class). Intra- 
operative pressures for all showed significant 
drop in right ventricular pressures to 42% + 4 
SE of systemic. There was 1 early postoperative 
death. One other baby developed mitral regurgi- 
tation few weeks after an initial satisfactory 
postoperative course,and died 19 days after 
second surgery for repair of disrupted mitral 
valve. Overall mortality was 25$. Clinical im- 
provement was dramatic in the rest, followed for 
6-21 months. One developed complete A-V block 4 
months post surgery. Hemodynamic data (mean *SE) 
before and after surgery are summarized. 
PRR OMe snr Ore Fu. Tiina al ima ce Sig Nl NN Rv M 
No 25, 2. 95 P PAP SAP a x 
Pre 8 2113535 1,15* 1:99 fie. 83 0.53 
0.44 0.20 0.41 5 ak 312 0.15 
Post Seve 3.723 39.23... 150 25 87 0.10 
0.20 0.20 - 4.8 10.4 0.04 
ad norma emodynamics; ad mi mitra 


À regurgitation 
Primary correction of CAVC is feasible in infan- 
| cy. Pulmonary hypertension including high pul- 
monary vascular resistance in these sick babies ` 
are reversible. 
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"CORRECTIVE" SURGERY FOR TRUNCUS ARTERIOSUS IN THE FIRS! 
YEAR OF LIFE 

Paul Stanger, MD; Saul J. Robinson, MD, FACC; Mary Aller 
Engle, MD, FACC; Paul A. Ebert, MD, FACC, University of 
California, San Francisco, San Francisco, Ca. 


Management of truncus arteriosus in the first year of 
life has been a dilemma because of the high mortality o: 
medical management and palliative banding procedures as 
well as previous difficulty with procedures for separat: 
ing the pulmonary and systemic circulations, Eleven in 
fants under 1 year of age with either Type I or II trun- 
cus have undergone surgical attempts to separate the 
aorto-pulmonary trunk with closure of the ventricular 
septal defect. Three were under 3 months of age, five 
between 3 and 6 months, and three between 7 and 12 month 
In 3 patients a homograft aortic conduit was used and ii 
8, a 12 mm Hancock prosthesis with porcine valve. Ther: 
was l death in the group. In all, the ratio of pulmona: 
to systemic mean pressure was one or nearly one before 
surgery and in 10, the ratio decreased to 0,4 or less 
following separation of the circulations. The death 
occurred in an infant whose pulmonary artery pressures 
were higher than aortic after separation of the circula: 
tions. These intra-operative pressure measurements sug 
gest that pulmonary vascular resistance in the majority 
of truncuses is normal or only mildly elevated in the 
first year of life. Four patients underwent postopera- 
tive cardiac catherization and a normal pulmonary vascu 
lar resistance was found in each. The low operative 
mortality in this age group suggests that it is anaccep 
able method of intervention to control failure and redu 
the likelihood of developing pulmonary vascular disease 
even though the conduit may have to be enlarged. 


REPAIR OF MITRAL REGURGITATION IN INFANTS AND CHILDREN. 
Magdi Yacoub, F.R.C.S.; Rosemary Radley-Smith, M.R.C.P. 
Harefield Hospital, Middlesex, England 


A study of the functional anatomy of the mitral valve 
has enabled a rational approach to the operative treat- 
ment of severe mitral regurgitation in children. Since 
October 1970, 45 out of 47 infants and children, 
presenting with severe mitral regurgitation, have under 
gone valve conserving restorative operations for severe 
mitral regurgitation. Their ages were between 7 months 
and 15 years. Twenty four had congenital lesions and 
21 rheumatic lesions. Associated lesions included 
ventricular septal defect in 4, primum atrial septal 
defect in 7 and Marfan's syndrome in l. Fourteen 
children had severe pulmonary hypertension at preopera- 
tive investigation. There was l early death in a chilc 
with cardiomyopathy, and no late deaths.  Forty-four 
children have been followed up for between 2 and 72 mon 
(mean 24). Forty are asymptomatic and not on ang drug: 
Two, after initial improvement, have required subsequei 
valve replacement. Eleven have been re-investigated, . 
month to 4 gears after operation. Pulmonary artery 
pressure had fallen considerably, the left ventricular 
function had improved and the mitral valve was found t 
be competent in all with no end diastolic gradient. T 
is concluded that valve conserving operations are 
possible in the majority of infants and children with 
severe mitral regurgitation and that they give 
satisfactory results. 
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ins OF EXERCISE AND CATHETERIZATION RESULTS Fot TON- ; 


a ane. TOTAL SURGICAL CORRECTION OF TETRALOGY aa A 


A. Tüboku-Metzger, M.D., s. Hirschfeld, M.D., G. Borkat, 
Ps D., J. Liebman, M.D., F.A.C.C., J. Clayman, M.D. Case 
E: Western Reserve University, School of Medicine, Department 
I of Pediatrics, Cleveland, Ohio. ; 

E ` Although surgery may correct the hemodynamic abnormal- 
Ed ities of tetralogy of Fallot, the long-term benefits to 
exercise tolerance are uncertain.  Twenty-five patients, 
"age 7 - 30 years, had cardiac catheterization and maximal 
| graded exercise testing to evaluate the adequacy of the 
JA hemodynamic repair and its relation to exercise perfor- 
T mance. Patients were 2 - 9-1/2 years post-operative and 
13 were previously palliated by shunt procedures. At 
| catheterization 20 of the 25 patients had good surgical 
results as judged by right ventricular systolic pressure 
E less than 60 mm Hg., right ventricular to pulmonary 


y v 


A 


artery gradient less than 40 mm Hg. and an insignificant 
Td left to right shunt. Despite the satisfactory hemodynam- 
rod ics the maximal working capacity was diminished in all 
f nente (mean=57% that of normal children). Mean heart 
rate (HR) at maximal exercise was 86* that of normal 
*" Children, indicating a higher HR for a given level of 
work. These abnormalities were independent of age at 
time of correction, time elapsed since surgery, use of a 
E patch in outflow tract or any antecedent palliative 
"procedure. Significant arrhythmias were not noted and 
si BP response was normal. Our study emphasized that 
4 present surgery for tetralogy of Fallot did not result in 
pee exercise capacity even with excellent surgical 
(tender and suggested that improvement in techniques or 
E: earlier definitive repair should be carefully evaluated 
avenues TOR a more satisfactory outcome. 


S 

M CEREBROVASCULAR ABNORMALITIES IN POSTOPERATIVE 

bes COARCTATION OF THE AORTA. Michael G. Saalouke, 

Shae David Breckbill, M.D., Stephen R. Sha- 
piro, M.D., Lowell W. Perry, M.D., F.A.C.C., 
Lewis P. Scott, M.D..-F.A.A;C. - Children's 

Eu National Medical Center, Department 
0 
W 


f Child Health and Development, The George 
ashington University School of Medicine. 
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Ee Fifteen children, 0.3-10.5 years (mean 3.8 
years) following repair of aortic coarctation, 
had cerebral arteriography performed as part 
er. postoperative catheterization. 

Four (272) had the following central nervous 
system symptoms develop postoperatively: per- 
‘sistent headaches (2), exercise induced hemi- 
W anopsia (1), major motor seizures (1). 

All four patients had the subclavian steal- 
retrograde filling of the left vertebral and 
left subclavian arteries during selective 
| right: vertebral arteriography. 

J Left vertebral artery ligation (3) or left 
‘subclavian graft arterioplasty (1) resulted in 
Becstearence of symptoms in the above patients. 
Ps None of the 11 asymptomatic patients had 















cerebrovascular anomalies demonstrated, and no 
patient in the series had berry aneurysm. 
~ Me conclude that cerebral arteriography 
| should be part of postoperative evaluation in 
- patients with central nervous system symptoms 
"s following repair of coarctation of the aorta. 
ie 
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LATE POSTOPERATIVE CHANGES FOLLOWING CLOSURE or 
SECUNDUM ATRIAL SEPTAL DEFECT . | 

 Mesley Covitz, M.D., Richard A. Meyer, M. Bis Joan 
Korfaagen , ROMS. , Samuel Kaplan, M.D., FACC, Univ. of 
Cinti., Children's Hosp., Cinti, Ohio 


Serial echocardiograms were obtained in 52 children who 
underwent surgical closure of atrial septal defect. 
Cardiac dimensions and function were measured preopera- 
tively (pre-op), early postoperatively (post-op), (first 
3 mouths) and late post-op (up to 5 years). Progressive 
enlargement of the right ventricular dimension (RVD) 
resulting from chronic atrial shunting was observed in 
patients up to 15 kq; whereas, no further enlargement 
was detected in patients over 15 kg. The RVD decreased 
in the early post-op period but remained sianificantly 
larger than normal control values in the late post-op 
period. In 42 post-op patients with normal septal motion 
left ventricular dimensions were normal; however, an 
abnormally increased shortening fraction (>38%) was 
found in 19/42 (45%). The increased shortening fraction 
post-op, may result from the chonic enlargement of 
RVD pre-op. Because progressive right ventricular 
dilation occurs only in the first few years of life, we 
suggest that early surgical treatment would prevent 
chronic enlargement of RVD and prevent the abnormal 
shortening fraction in the late post-op period. 


PROGNOSIS AFTER REPAIR OF PRIMUM ATRIAL SEPTAL DEFECT. 
Jean Losay MD, Amnon Rosenthal MD, Alexander S. Nadas MD, 
Aldo R. Castaneda MD. Departments of Cardiology and Car- 
diovascular Surgery, Children's Hospital Medical Center, 
Boston, Massachusetts. 


Nimety-two patients (pts) with primum atrial septal de- 
fect (ASD 1°), operated upon between 1955 and 1975 were 
followed for 3 mo-18 yrs. Preoperatively, congestive heart 
failure (CHF) was present in 18 (20%), serious arrhythmias 
in 2 (2%), mean pulmonary artery pressure (PAP)> 30 mmHg 
in 15 (16%) and pulmonary vascular resistance (PVR) S 3 
unit in 9 (103). Mitral regurgitation (MR) was graded (Gr) 
on a scale of 0-4 (none to severe) utilizing left ventric- 
ular (LV) cineangiography, auscultation and ECG (LV hyper- 
trophy). Gr 0-1 MR was present in 39 (42%), 2 in 25 (27%) 
and Gr 3-4 in 28 (31%) pts. Mean age at repair was 9.7 

' yrs (4 mo-33 yrs). Mitral valvuloplasty was performed in 
78 pts. Hospital mortality was 10% (9/92 pts) and was sig- 
nificantly (p« 0.01) increased in pts with cardiomegaly, 
CHF, PAP 330 mmHg, PVR >3 units and Gr 3-4 MR. Long term 
dvsrhythmias vere present in 18/83 survivors and included 
atrial tachyarrhythmias in 4, sick sinus syndrome in 1 and 
complete heart block (CHB) in 5 pts (in 3/5 pts CHB was 
acquired during the followup period).Mitral valve feplace- 
ment (MVR) at initial (N=4) or subsequent operation was 
required in ll pts. Only 4/64 pts with preoperative Gr 0-2 
HR required MVR compared with 7/28 pts having Gr 3-4 MR 
(2«.21). There were 5 late deaths, 3 mo-16 yrs after ini- 
tial repair; due to MVR in 3, vascular obstructive disease 
in 1 and sudden, unexpected in l. Overall survival 10 and 
18 vrs after repair was 83% and 63% respectively. Among 
those with PAP «30 mmHg 18 yr survival was 98% and in pts 
with higher pressures, 55$. We conclude that mortality 
and long term morbidity in pts vith ASD 19 are related to 
the severity of MR, PAP and quegicaliy esd dysrhyth- 
mias. 
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. SUPRAVALVE AORTIC STENOSIS: CLINICAL SPECTRUM AND RESULTS. 
E OF OLD AND NEW SURGICAL. TECHNIQUES. . 
GN .. Michael R. Nihill, MD, FACC; Erna Eterovic, MD; Denton xi 


= Cooley, MD, FACC; Grady Hallman, MD, FACC: Dan G.McNamara, 


MD, Cardiology Section, Department of Pediatrics, Baylor 


. .. College of Medicine and Texas Children's Hospital, and The 


| . Division of Surgery, Texas Heart Insitute, Houston. 


i1 ‘Supravalve aortic stenosis (SVAS) was diagnosed in 31 

| patients (pts) at Texas Children's Hospital between 1964- 

—— 1976. The severity of the left ventricular outflow tract 

| obstruction (LVOTO) ranged from mild (gradient «25 mmHg) 

in 4 pts to severe (gradient >70 mmHg) in 11 pts. Eight 

~. pts had diffuse obstruction involving the annulus, aortic 

^ —. valve, and whole ascending aorta. Fourteen pts had aorto- 

N » plasty (AoP) with a Dacron patch plus valvotomy (7 pts)or 

—. — subvalve membrane resection (2 pts) with 3 postoperative 
deaths. If the SVAS was discrete, AoP produced adequate 
relief of LVOTO in 5 pts with gradients of 10 - 45 mmHg 
at postoperative catheterization. Six of the 11 survivors 
required further surgery for unrelieved obstructions with 
one operative death.Five of these pts had the diffuse type 
of LVOTO. Mitral valve replacement was required in one pt 

with residual subvalve obstruction and mitral stenosis and 

-~ the aortic valve was replaced in another with persistent 
valve stenosis and regurgitation. Three pts had a valved 
conduit placed between the left ventricular apex and the 

- supraceliac abdominal aorta. The residual LVOT gradient 

x was reduced in these last three pts from 70 - 130 mmHg to 

2m « 20 mmHg with relief of symptoms. Postoperative velocity 

| — — catheter studies showed that 33 - 41% of the total left 

=~ . ventricular output passed through the conduit with normal 

n |. cardiac output and ejection fractions. We suggest that 

SVAS with diffuse or multiple areas of LVOTO be treated 

|». —.-with a valved LV-Ao conduit as well as AoP to protect 

^5. coronary blood flow. 
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LATE RESULTS OF RECONSTRUCTION OF THE RIGHT 
VENTRICULAR OUTFLOW TRACT USING FRESH AORTIC VALVE 
HOMOGRAFTS IN INFANTS AND CHILDREN, 

Rosemary Radley-Smith, MRCP; Magdi Yaccub, FRCS, Harefield 
Hospital, Middlesex, England. 


BU. Forty infants and children who underwert successful 
E reconstruction of their right ventricular outflow tract 
MEA (RVOT) with adult sized aortic homografts between March 
or: |... 1970 and September 1975 have been followed up for a 
|^ — minimum period of 12 months (mean 29), Their ages were 
t between 4 months and 14 years. Eleven were under the age 
of 2 years, There have been no late deaths, Clinical 
evaluation showed 1 patient is getting syncopal attacks 
on exertion, but the remaining are asymptomatic and not 
on any drugs. Chest radiographs showed linear calcificat- 
ion in the wall of the homograft, Thirty patients have 
| been reinvestigated 2 weeks to 50 months postoperatively 
(6 over 36 months), In no patient was the gradient across 
the RVOT greater than 15 mm,Hg.  Homograft function was 
judged to be good, The pulmonary artery (PA) pressure 
was at systemic level in 2 patients who underwent 
operation at the age of 7 and 12 years respectively. In 
the remaining, the PA pressure was betveen 20-40 mm,Hg. 
There was no evidence of residual shunt, It is concluded 
that homograft reconstruction of the RVOT in infants and 
children gives satisfactory results up to 6 years after 
- operation 
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COMPLETE ‘TRANSPOSITION OF THE GREAT ARTERIES 


Donald J. Hagler, MD; Donald G. Ritter, MD, FACC; ‘Dough 


D. Mair, MD, FACC, Mayo Clinic and Mayo Foundation, i 
Rochester, Minn. 


Since 1974, 44 patients (pts) have had cardiac catheter 
ization at the Mayo Clinic for reassessment of results 
the Mustard procedure for complete transposition of the 
great arteries (TGA). Thirty-two pts had been consider 
asymptomatic; 1/2 to ll years postoperatively, they wer 
asked to return for reevaluation. Twelve pts had been 
studied 1 month to 2 years postoperatively because of 
clinical deterioration. Of the 32 asymptomatic pts, 4 
evidence of moderate caval obstruction (CO), 6 had mild 
(4 to 5 mm Hg gradient), and 2 had mild to moderate pul 
monary venous obstruction (PVO) (6 to 8 mm Hg); all had 
Dacron intra-atrial baffles. Six pts had evidence of 
moderate to severe tricuspid insufficiency (TI) and sev 
had mild TI. Two pts had severe right ventricular dys- 
function and pulmonary vascular obstructive disease p: 
(PVOD). Three pts had mild to moderate mitral insuffi- 
ciency. Ning pts had small atrial right-to-left or lef 
to-right shunts or both. Two had small ventricular lef 
to-right shunts. Three pts had moderate residual pulmo 
nary stenosis (PS) (>50 mm Hg); 1l had mild PS. Of the 
symptomatic pts, 6 had severe CO, 3 had severe PVO (5 D 
cron, 3 pericardium), 2 had severe PVOD, 1 had severe T 
and 4 had mild to moderate TI. Two of the asymptomatic 
pts and 7 of the symptomatic pts have subsequently died 
We conclude that there is a high incidence of significa 
cardiac defects in, pts after the Mustard procedure. Ca 
obstruction, small atrial shunts, and variable degrees 
TI often are not detected clinically. The poor long-te 
results after the Mustard operation warrant renewed at- 
tempts to find better methods for surgical correction o 
complete TGA. 


TREATMENT OF PATIENTS WITH TRANSPOSITION OF TH 
GREAT ARTERIES AND PULMONARY VASCULAR DISEASE. 
James Byrne, M.D., David Clarke, M.D., Seong 
Saw, , M.D., Marc de Leval, M.D., James Taylor 
M.D., ‘Jaroslav Stark, M.D. The Thoracic Unit, 
The Hospital for Sick Children, Great Ormond . 
Street, London, England. 


Operative mortality of Mustard operation for -/ 
transposition of the great arteries (TGA) and 
pulmonary vascular disease(PVD)is high. Patien 
with severely raised pulmonary arteriolar resi 
tance have been considered inoperable. Since 
1973, we have treated 20 patients with TGA and 
ventricular septal defect(VSD)using Lindesmith 
palliative approach. The Mustard operation wa 
performed but the VSD was left open. The con- 
cept of "palliative" Mustard operation was ex- 
tended to 3 patients with TGA+PVD and intact 
ventricular septum. In those, Mustard operati 
was performed and VSD created in an apical por 
tion of the ventricular septum.  Preoperative 
pulmonary arteriolar resistance ranged from 6. 
to 27.6 units/M? (mean 19.2), haemoglobin from 
15.6 to 23.5 gm% (mean 19.8 gm%) and arterial 
oxygen saturation (SaO;) from 49% to 79% (mean 
64%). All patients survived the operation and 
their exercise tolerance markedly improved. e 
Postoperative values of naemoglobin were 10.6g 
to 17.8 gm% (mean 13.3 gm%), SaO: between 83% 
and 95% (mean 90%). This approach offers an e 
cellent palliation to patients with TGA+PVD wh 
are currently considered inoperable by other 
criteria. The duration of this palliation is 
certain and only long-term follow-up will answ 
this question. A study of any change in pul- 


monary arteriolar resistance more than one. i 
after operation. is being undertaken current 
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4 t; J TICRYNAFEN, A UNIQUE, .URICOSURIC, DIURETIC AND 
Bert EMUE AGENT 

- Massoud Nemati, M.D., Mary C. Kyle, M.S, and Edward D. 
va Freis, M.D., F.A.C.C., Veterans Administration Hospital, 
; +. Washington, D.C. 
rs 


D 


` Nineteen patients with initial diastolic blood pressures between 
-90-114 mm Hg were randomly assigned to either ticrynafen 
_ (TCRN) 250 mg or hydrochlorothiazide (HCTZ) 50 mg once or 
twice daily. Blood pressure fell equally with both drugs. The 
" average supine blood pressure (BP) during the fifth and sixth 
E treatment weeks fell 12/8 mm Hg with TCRN and 14/9 mm Hg 
E. with HCTZ from placebo levels, The average erect BP in the 
Same period fell 16/11 mm Hg with TCRN and 13/10 mm Hg 
$ _ with HCTZ. These reductions from control levels were signif- 
DEAE for both drugs (P«.025). No significant differences in 
e degree of BP reduction were found between the 2 compounds. 
-Serum uric acid fell 3. 3 mg/100 ml with TCRN from an average 
Si of 6.4 mg/100 ml (placebo) to 3.1 mg/100 ml during treatment, 
ux However, it rose by an average of 1.3 mg/100 ml with HCTZ 
(P<. 05). Serum K fell with both drugs although the fall was 
N Somewhat less with TCRN. Body weight decreased after both 
drugs. No toxicity was noted with TCRN. Thus, TCRN appears 
.. equal in antihypertensive effectiveness to the thiazides and it 
. has the advantage of producing uricosuric rather than hyper- 
putiosinie effects. 
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J PRELIMINARY RESULTS OF VA-NHLBI FEASIRILITY TRIAL 
5, FOR A MILD HYPERTENSION STUDY. Mild Hypertension 
Research Group: H. Mitchell Perry, Jr., M.D., Harold W. 
E M.D., Annette Fitz, M.D., Edward D. Frohlich, 
M.D., Anne I. Goldman, Ph.D., Bernard W. Steele. M.D. 
Harold G. Richman, M.D., Kenneth E. James, Ph.D. 
- Two years have been completed of a feasibility trial 
F for a proposed 5 year multicenter double-blind study de- 
teed (1) to test whether prompt drug treatment of mild 
Ex hypertension decreases hypertensive complications,partic- 
ularly myocardial infarction (MI), and (2) to define side 
lj _ effects and diminution in "quality of life" during treat- 
ment. Four VA-university centers screened 118,557 sub- 
- jects. Of these, 1012 compliant subjects aged 21 to 55 
with diastolic pressures 85 to 105 mm Hg on 3 visits and 
without hypertensive complications agreed to participate. 
_ Their mean age was 38 years; 191 were female & 252 black; 
their mean diastolic pressure was 94.1 mm Hg. Randomiza- 
tion was to a "step-care" program with 3 steps consisting 
.of 50 mg chlorthalidone (CH), 100 mg CH, or 100 mg CH and 
0.25 mg reserpine, or their placebos, once daily. After 
(8a months of treatment, the mean fall in diastolic pres- 
Bie was 5.3 mm Hg (with 30%<85 mm) for the placebo group 
3 (PG) and 11.9 (with 68%<85 mm) for the active drug group 
E 










(AG). At 8 months, percentages at steps 1,2 & 3 of the 
. regimen were 11, 14 & 72 for PG and 22, 24 & 45 for AG. 
Ls By July 76, 3 major morbid events (all MI) and 8 minor 
"ones had Schurred in PG vs 4 major events (2 sudden death 
..& 2 MI) and 10 minor ones in AG during an average of 12 
“months of treatment. Seven subjects in PG developed 
significant hypertension vs none in AG. A total of 1303 
| Side effects were recorded for AG vs 693 for PG. 
. . This feasibility trial suggests that a large scale, 
d long term study is feasible and will be needed to demon- 
crate the benefits of treating mild hypertension. A 
protocol is TH the final stages of PEPENE PTI 
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ECHOCARDIOGRAPHIC STUDIES OF LEFT VENTRICULAR 
ANATOMY AND FUNCTION BEFORE AND AFTER TREATMENT 
.OF ESSENTIAL HYPERTENSION 
Robert C. Schlant, MD,FACC; Joel M. Felner, MD,FACC; Brent 
A. Blumenstein, PhD; DEM Heymsfield, MD; Charles A Gilbert, 
MD,FACC; Neil Skúlan; MD; Elbert P. Tuttle, MD, Emory 
University, Atlanta, Georgia. 


Twenty-nine patients with uncomplicated essential hypertension 
were studied by echocardiography before and after 12-24 months of 
treatment with measurements of left ventricular (LV) internal 
diameter at end-diastole (LVIDd) and end-systole (LVIDs), posterior 
LV wall thickness at end-diastole (PLVWTd) and end-systole | 
(PLVWTs), interventricular septal thickness at end-diastole(IVSTd), 
LV mass index (LVMI), percent change in LVIDd (AD),LV ejection 
fraction (EF) and mean velocity of circumferential shortening(Vcf). 


CONTROL 12-24 MOS PAIRED-t 
LVIDd 4v. i  0,98459D) 45.9] "059155, NS. a 
PLVWTd 10.83 + 1.03 10.09 + 0.10 p.02 
IVSTd 11.76 + 1.67 10.72 + 1.45 p.01 
LVMI 135.67 + 41.40 114.31 + 27.90 p.02 
AD 31.13 + 6.80 34.67 * 5.30 p< .02 
EF 0.66 + 0.11 0:72- 0907 p< .02 
Vef 1322. ts 0,26 1.38 + 0.23 p< .03 


There was a significant correlation (p<.05) between the changes 

in diastolic blood pressure and improvement in LVMI and EF, and 
suggestive correlations (p—.10) with the AD and Vef. Echschidios 
graphy is a useful technique for the study of left ventricular 
anatomy and function. Therapeutic reduction of diastolic blood 
pressure is associated with changes toward normal in echocardio- 
graphic left ventricular anatomy and function. 


PHARMACOLOGIC ANTAGONISM OF 8-ADRENERGIC BLOCKADE IN DOGS 
G. James Avery II, MD, Henry M. Spotnitz, MD, Brian F. 
Hoffman, MD, and James R. Malm, MD. Columbia University 
College of Physicians and Surgeons, New York, New York. 


Propranolol (PROP), increasingly used in therapy of is- 
chemic heart disease, is generally discontinued prior to 
open heart surgery because of possible low cardiac output 
(CO) following bypass. However, abrupt PROP withdrawal 
may lead to acute coronary events. As PROP is a competi- 
tive B-adrenergic blocker, its action should be subject 
to antagonism by appropriate 8 agonists. 

Accordingly, the present study was designed to assess 
the effects of isoproterenol (ISU) and dopamine (DOP) on 
hemodynamics and on cardiac function before and after 
acute -blockade with PROP in six mongrel dogs. Following 


,.chloralose anesthesia and median sternotomy, pressure was 


recorded from right and left ventricles, left atrium, pul- 
monary artery (PA), and aorta (Ao); CO was measured with a 
PA thermistor. Average experimental results are tabulated 
(P=mean pressure):  CO(L/min) Ao P(mm Hg) HR 
Control 2.05t.3(8.B.) 88+7 138+12 
ISU.06u/DOP lOu 92. 92+.3/3.11+.1 82+8/116+18 155+14/B3t14 
PROP (1-1.5 mg/kg) 1.97+.2 81+7 110+6 
ISU.90u*/DOP5Ou* 2.93+.3/2.50+.2 T6*1/1h1*25 126+8/119+8 
(u=microgram/kg/min) (*=following PROP administration) 
The results indicate that in the presence of acute f 
blockade, the expected pharmacologic effects of ISU can 
be produced by increasing the ISU dosage x15. In the pres- 
ence of PROP, DOP becomes predominantly an a-stimulator 
and increases vascular resistance, diminishing the expect- 
ed increase in CO when administered in large (5x) doses; 
at higher dose levels (7.5-10x), CO falls. It is conclud- 
ed that even with acute PROP-induced . B-blockade, ISU is 
& potent B agonist when used in large doses. It appears 
possible to define clinically useful models for anch y 
gic stimulation of B-blocked patients. 
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DECREASED BIOAVAILABILITY OF DIGOXIN PRODUCED BY DIETARY 
FIBER AND CHOLESTYRAMINE 

Donald D. Brown, MD, FACC; Randy P. Juhl, PhD; Susan L. 
Warner, BS, CV Center and CV Division, Dept. of Med., 
College of Medicine and College of Pharmacy, University 
of Iowa and VA Hospitals, Iowa City, Iowa 


Concomitant oral administration of cholestyramine (Chol) 
and digoxin (DGX) has been presumed to reduce absorption 
of the latter, but this has never been proven and quanti- 
fied. Dietary fiber, like Chol in its interaction with 
bile salts, has similar potential for diminishing absorp- 
tion of DGX. Employing single dose studies of bioavail- 
ability and a Latin square design, we tested the hypothe- 
sis that Chol and dietary fiber interfere with bioavail- 
ability of oral DGX. Twelve normal adult volunteers were 
given 0.75 mg of DGX orally 1) in the fasting state (con- 
trol-C), 2) with a meal containing 0.75 gm crude fiber 
(normal fiber-NF), 3) with a meal containing 5 gm crude 
fiber (high fiber-HF), and 4) with 4 gm Chol. Serum 
levels of DGX determined over the first 8 hours after ad- 
ministration demonstrated delay in time to peak concen- 
tration only with Chol. Cumulative 6 day urinary DGX 
excretions (expressed as % of 0.75 mg dose recovered in 
the urine) were: C-40.5+2.3 (SE), NF-41.2+2.0, HF-33.0+ 
2.1, and Chol-33.0+2.2 By analysis of variance the dif- 
ferences in means were significant (F-11.41, p«0.001). 

By multiple comparison test HF and Chol interventions 
were both significantly different from C and from NF 
(a=0.05). Decreased cumulative excretion indicates that 
both Chol and dietary fiber produce significant reduc- 
tions in DGX bioavailability. Since both dietary fiber 
and Chol bind bile salts and interfere with their absorp- 
tion, a similar interaction with DGX is suggested as the 
explanation for the decreased bioavailability.  Adminis- 
tration of DGX simultaneously with Chol or with meals of 
high or unknown fiber content should be avoided. 


BENEFICIAL EFFECTS OF PROSTAGLANDIN E] IN ACUTE 
MYOCARDIAL INFARCTION. 

Teruo Takano, MD; John K. Vyden, MD, Harold B. Rose, 
ScD; Eliot Corday, MD, FACC; H.J.C. Swan, MD, FACC 
Cedars-Sinai Medical Center, Los Angeles, California 


Since little is known concerning the effects of 
prostaglandin in acute myocardial infarction (AMI), 
prostaglandin E] (PGE1) 10-3 ug/kg/min was given intra- 
arterially to 11 flowmeter instrumented dogs with left 
anterior descending coronary (LAD) ligation induced in- 
MES n and the results compared with 10 untreated 
animals. 


Sixty minutes of PGE] infusion caused LAD flow to 
increase from 21.5 to 26.4 ml/min, mean arterial blood 
pressure from 64 to 78 mmHg, stroke index from 5.22 to 
6.64 ml/min/m?/beat, stroke work index from 4.54 to 7.35 
ml/beat/m?, cardiac index from 0.72 to 0.92 L/min/m? 
while coronary vascular resistance fell from 3.48 to 
2:63 1075 dynes/cm-5 and superior mesenteric blood flow 
fell from 92 to 77 ml/min. 


Mean heart rate, LV max dp/dt and systemic vascular 
resistance were unchanged. Left ventricular end-diastol- 
ic pressure remained unchanged in treated animals but 
rose in the control animals. Mean coronary sinus-arterial 
AVO difference narrowed. It is concluded that PGE] 
significantly improves ventricular function and LAD flow 
while lowering MVO, and may be of benefit in treating AMI. 
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COMPARATIVE RESPONSES TO DOBUTAMINE AND NITROPRUSSIDE IN 
PATIENTS WITH CHRONIC LOW OUTPUT CARDIAC FAILURE 

Cary Berkowitz, MD; Robert Croke, MD, FACC; William 
Jacobs, MD; Henry Loeb, MD, FACC; Rolf Gunnar, MD, FACC; 
VA Hospital, Hines, and Loyola University Medical Center 
Maywood, Illinois 

Patients (pts) with low output cardiac failure (CF) ofte 
improve cardiac index (CI) with either inotropic or vaso 
dilator agents but these modes of therapy may differ im- 
portantly with regard to other hemodynamic effects. We 
compared the acute hemodynamic effects of a "pure" ino- 
tropic agent, dobutamine (DB), to those of a "pure" vasc 
dilator, nitroprusside (NP) in 10 pts with advanced CF. 
At control all pts had CI«2.2L/min/M2 and wedge pressure 
(WP) >17 mmHg. Drug dosages were titrated to achieve 
similar and significant increased in CI which averaged i 
+8% for DB and +42+7% for NP (NS-P>.05). The first druc 
given was DB in 5 pts and NP in 5 pts. Results (mean*SEM 


Control DB P NP 
Dosage mg/min --- 530+80 ae VOLS 
MAP mmHg 9245 8945 «.01 7844 
WP mmHg 2642 2142 «.01 1742 
RAP mmHg 1041 741 NS 645 
HR beats/min ^ 86*6 93-5 — «.01 86*6 
LVSWI g-m/M? 1943 2844 NS 2543 
PAR L/min/mmHg 4.6+.5 3.6+.5 NS 2.9*.2 
SAR L/min/mmHg 27+3 1742 NS 16+1 


LVSWI/WP g-m/mmHg 0.84.2 1.6+.4 NS 1.94.4 
Abbreviations: MAP-mean arterial pressure, RAP-right 
atrial pressure, HR-heart rate, LVSWI-left ventricular 
stroke work index; PAR-pulmonary arteriolar resistance, 
SAR-systemic arteriolar resistance. 

Conclusion: For similar improvement in CI and LVSWI/WP 
results in higher MAP, WP and HR suggesting advantage o 
NP in pts with CF from ischemic heart disease, DB may 
preferred when low MAP or WP precludes use of or limits 
response to NP. 


HEMODYNAMIC BENEFIT FOLLOWING ORAL PHENTOLAMINE IN 
PATIENTS WITH CHRONIC CARDIAC FAILURE 

Ronald Schreiber, MD; Henry Loeb, MD, FACC; Rolf Gunnar,“ 
MD, FACC; VA Hospital, Hines, and Loyola University 
Medical Center, Maywood, Illinois 

Intravenous phentolamine (PH) acutely improves hemodyna- 
mics in patients (pts) with low output cardiac failure 
(CF). Since long-term therapy of CF with oral PH might 
be useful we evaluated the acute hemodynamic effects of 
oral PH in nine pts with CF, all of whom had cardiac inde 
(CI) « 2.6 L/min/M? and left ventricular filling pressure 
(LVFP) > 12 mmHg. Mean pressures (P) in systemic artery 
(SA), pulmonary artery (PA), right atrium (RA) and heart 
rate (HR), systemic arteriolar resistance (SAR) and oxygt 
saturations (05) were measured during control, 60 and 12( 
minutes after oral PH given as a single dose of 80 + 2 m 
per M2BSA. Results (mean * SEM) are tabulated: 


Control 60 min 120 min 
SAP mmHg 93+5 (86+5) (84+6) 
PAP mmHg 39+3 34+3 33+3 
RAP mmHg 10+2 (7*2) (6*1) 
LVFP mmHg 25+2 20+3 (17+4) 
HR per min 91+3 98+5 (102+5) 
cI L/min/M? 1.9*0.2  (2.340.2) (2,440.2) 
SAR mmHg/L/min 27+2 (21+3) (19+2) 
SA 09 $% 92+2 89+2 9142 
PAO) $% 48+4 (54+4) (55+3) 


( ) =p < .05 compared to control (paired t test). 
Studies extended in five patients showed some persistenc 
of hemodynamic effects at 4 hours. 

Conclusion: Oral phentolamine results in hemodynamic 
improvement of sufficient duration to suggest potential 
value in the management of patients with severe low outp 
cardiac failure. Tachycardia may limit its use, however 
in pts with ischemic heart disease. 
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Es HEMODYNAMIC EFFECTS OF Sill pun isis AND NON- 
... PARENTERAL NITRATES IN SEVERE HEART FAILURE. Barry Massie 
noes MD, Jeffrey Werner MD, Barry | Greenberg MD, Kanu Chatter- 
jee MD,FACC, William W Parmley MD,FACC. University of 
Es California San Francisco, San Francisco, California. 


Patients (PTS) with severe heart failure usually manifest 
Ec both elevated left ventricular filling pressure (LVFP) and 
A reduced pump function. In order to best ameliorate these 
a hemodynamic derangements, we utilized combined vasodila- 
_ tor therapy (Rx) with oral hydralazine (H), which acts pri- 
J marily on resistance vessels and thus reduces afterload, 
and nonparenteral nitrates(N), whose predominant effect 
poe on capacitance vessels and therefore reduces preload. 
Ten PTS with chronic refractory heart failure (8 class 4, 
c Y class 3) were given H(50 or 75 mg po q6h) and N(po or 
M "^ wabiingial isosorbide-dinitrate), alone and in combina- 

b: tion (H*N), during continuous hemodynamic monitoring. 

$ There was no significant change from control(C) in heart 
ae rate or mean arterial pressure with H,N or H*N. Rx with H 
M did not alter right atrial pressure (RAP) or LVFP, but re- 
duced systemic vascular resistance (SVR) with consequent 

| dramatic increases in cardiac and stroke work indices (CI, 
pe SWI). N lowered RAP and LVFP without change in SVR, CI,or 
posu. The hemodynamic effects of H and N were additive when 
o" 
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b HAN Rx was Anstituted. 

Ec RAP LVFP SVR CI SWI 

"^e 1522 | . 2881 16004130 2.14.2 24t2 

H 1622 | 2741 970+100* 3.3+.3*  38t4* 

2 N  10£3* 1841* 15402120 2.15.2 26t3 

Wu eae 1012* 19+1* 10404110* 3.5+.4* 42+4* 

. *indicates significant (p<.05) change from C 

( Combined H+N Rx resulted ina 33% fall in LVFP and 67% and 
|. 758 increases in CI and SWI. These results indicate that 
this mode of Rx optimizes hemodynamic benefit and may 

. therefore be useful in the chronic Rx of PTS with refrac- 
tory heart failure. 
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t ~ COMPARATIVE ACTIONS OF NITROGLYCERIN WITH AND WITHOUT 
EE MAINTENANCE OF BLOOD PRESSURE BY PHENYLEPHRINE ON CARDIAC 
t FUNCTION, CORONARY BLOOD FLOW AND MYOCARDIAL ENERGETICS 
Y .IN PATIENTS WITH SEVERE CORONARY ARTERY DISEASE 


- Roy Kaku, MD; Richard R. Miller, MD, FACC; Anthony N. De- 
Maria, MD, FACC; Melvin J. Tonkon, MD; Ezra A. Amsterdam, 
- MD, FACC; Dean T. Mason, MD, FACC, U.C. Davis, CA. 
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` There are conflicting data concerning the therapeutic ef- 
 ficacy of maintaining systemic blood pressure (BP) concomi- 
e: Apa with nitroglycerin (NTG) in the treatment of myocard- 
ial ischemia. After control (C) mean BP (BP, mmHg), left 
d ventricular filling pressure (LVFP, mmHg), cardiac index 
sacl,” L/min/M?), coronary blood flow (CBF, coronary sinus 
"thermodilution, ml/min), myocardial oxygen extraction (0, 
. Ext, %), and left ventricular myocardial perfusion gradi- 
ent (MPG, mmHg) (aortic diastolic pressure minus LVFP), 11 
— patients (pts) with multivessel coronary disease (CAD) were 
doe given 0.4 mg sublingual NTG at cardiac catheterization 
' and all measurements repeated at 5 minutes (min). Phenyl- 
- ‘ephrine (PH) was then infused in 8 pts to raise BP to C 
E sr measurements repeated at 10 min post-NTG. Heart rate 
‘was kept constant by coronary sinus pacing. (* = p<.05, 


ke <.01 vs C; # = p«,05 vs NTG 
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d'a eis BP LVFP CI CBF O2Ext MPG 
eh et S wx 
m 94 9 3.01 102 63 67 
Ew NTG 82** S* 2.60* 75** 62 65 
—NTG-PH 99 7 2.85 894 60 76*# 


. Variables were unchanged (p>.05) from NTG at 10 minutes 
SE in 3 pts not receiving PH. Thus within a normal range of 
and hemodynamics in pts with severe but stable CAD, PH 
added to NTG increases CBF and MPG but does not alter myo- 
B. cardial energetics. In addition, ti these data suggest that 
with greater NTG-induced fall in BP and CBF or in acutely 
E ischemic pts, the augmented CBF and MPG Rid ah by PH ap- 
F pear therapeutically important. l 
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THE SIGNIFICANCE OF HEART RATE RESPONSE TO NITROGLYCERIN 


David P. Faxon, MD; Steven Gross, MD; Athan P. Flessas, 
MD; Cathy Tilney, BS; Thomas J. ran; MD, FACC, Boston 
University School of Medicine, Boston, Mass. 


While it is well recognized that the vasodilatory effect 
of sublingual nitroglycerin (NTG) decreases left ventric- 
ular systolic (LVSP) and end diastolic (LVEDP) pressures, 
little attention has been paid to heart rate (HR) re- 
sponse. To study this problem 0.4 mg NTG was given to 34 
patients (pts) not on Inderal at the time of cardiac cath- 
eterization (15 coronary, 9 valvular, 5 cardiomyopathy, 5. 
normal). Change in HR was correlated with changes in 
LVSP, LVEDP, PA mean and cardiac output (CO). Pts were 
divided into responders (R) with HR change +4 to +21 and 
non-responders (NR) with HR change +3 to -6. Absolute 
levels of LVSP (136+6 mmHg for R and 136+6 mmHg for NR), 
change in LVSP (14+3 mmHg for R and 23+4 mmHg for NR) and 
resting HR (72*3 for R and 82*3 for NR) were comparable in 
both groups. Change in HR correlated best with the con- - 
trol PA mean (r-0.7; p<.001). In the NR pts mean LVEDP 
was 27*3 mmHg and PA mean was 42*4 mmHg and differed sig- 
nificantly from the R pts (LVEDP-12*1 mmHg; PA mean-16*2 
mmHg; p<0.001). The degree of change in these pressures 
following NTG was similar for both groups. All 14 pts in 
the NR group had a control PA mean >22 mmHg while each of 
the 20 pts in the R group had a control PA mean «22 raged 
SV did not change significantly in NR pts (40+6 cc/m? 

45*1 cc/m?) but decreased significantly in R pts iie pns 
cc/m? to 57*4 cc/m?, p«0.001). LV stroke work was re- 
duced significantly only in R pts (116.7+7.9 to 89.4+5.9 
gm-m (p=.001). Thus the HR response following NTG: 

1) is inversely related to preload, 2) may be an excellent 
bedside means of identifying pts with abnormally elevated 
LVEDP and PA mean pressures and 3) can be utilized to de- 
termine a favorable hemodynamic response to unloading 
(same LV work at lower filling pressures). 


DOBUTAMINE SIMULATES THE EFFECTS OF PHYSICAL TRAINING 

ON CORONARY AND VENTRICULAR RESERVE AFTER MYOCARDIAL 
INFARCTION 

Ronald R. Tuttle, Ph.D., Nancy Bowling, B.A., Brian 
MacDonald, M.S. and G. D. Pollock, B. S., Lilly Research 
Labs., Indianapolis, Indiana 46206 


Physical training helps restore cardiac reserve after MI 
but has obvious limitations. The cardiovascular effects 
of dobutamine (D) are similar to those of exercise, so we 
determined whether a D program would improve cardiac re- 
serve. Starting 5-8 days after coronary artery (LAD) li- 
gation, 8 beagles received either D (4 dogs) or saline (S) 
(4 dogs) i.v. 2 hrs/day, 5 days/week. Weekly increases in 
the D dose, from week 1 to week 18 (2.5 to 38 yg/kg/min), 
simulated the progressive aspect of physical training. One 
to 3 days after the 18th week of treatment, we assessed 
cardiac reserve by elevating afterload with methoxamine. 
Throughout the assessment, heart rate was 13-18 bpm lower 
in the D than in the S animals (P < 0.01). Preload (LVFP) 
and aortic pressure (AP) responses to methoxamine were si- 
milar in the two groups of dogs. However, the S dogs had 
significantly less reserve than the D dogs--with mean 
cardiac index falling 31.1 vs 16.8 ml/min/M? per mmHg rise 
in AP (P < .001), and mean cardiac work falling 76.7 vs 
30.8 g-M/nin/M? per mmHg rise in LVFP (P < 0.001). With 
increasing preload and afterload, mean left ventricular 
blood flow increased 12.3 mi /min/100 g in the D dogs, but 
in the S dogs flow fell 11.3 ml/min/100 g (P < 0.05). 
Heart to body weight ratio was slightly greater in the D 
than in the S dog, 8.5 vs 7.1 g/kg (P < 0.05). Histologi- 
cal examination of 100 left ventricular sections showed 
that D did not exacerbate the ischemic lesions caused by 
LAD lígation. Therefore, D spacery i am coronary and 
ventricular reserve. 
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i ‘Hemodynamic Effects of Nitroprusside during 
| partie Valve Replacement in Man 


Ae "Demetrios G. Lappas, M.D., Nabil Fahmy, M.D., 
Willard Daggett, M.D., FACC, Mortimer J. Buckley 
PIEM, D., FACC, and Eldred Mundth, M.D., FACC. 
Xem Massachusetts General Hospital, Boston, Mass. 
E adayan effects of nitroprusside (N) were 
studied in 14 adult patients with severe aortic 
7 regurgitation (AR) during surgery for aortic 
j valve replacement. No patient had other valvu- 
. lar involvement. All patients had elevated left 
ventricular filling pressure (LVFP 15?mmHg) 

Kus prior to N infusion. Heart rate (HR), mean sys- 
temic and pulmonary arterial pressure (ÀP,PAP) 
|». left and right ventricular filling pressures 
= (LVFP, RVFP), systemic and pulmonary vascular 
~. resistance (SVR,PVR), left and right ventricular 
_ stroke work indices (LVSWI, RVSWI) and cardiac 
— index (CI) were assessed before and during N 
~ infusion (15-60 mcg/min). Results: HR did not 
E change. AP, PAP, LVFP, RVFP, SVR decreased sig- 
MX. nificantly with N. HR x AP product decreased 

significantly also. These data show that N infu 
sion decreased both preload and afterload 
-.. (decreased RVFP, LVFP and AP). The observed 
dw increase in CI, in the presence of constant HR 
"4sr-1s' due to increased stroke volume accomplished 

. either by an augmented ejection fraction, a 

reduced regurgitant fraction or both. In con- 
clusion, judicious use of N in patients with 
severe AR, depressed CI, elevated LVFP and AP 
will result in a decreased ventricular size, 
increased CI and decreased wall tension thus 
decreased MVO>. 


HLA ANTIGEN PHENOTYPE IN FIFTY PATIENTS WITH RHEUMATIC 
VALVULAR CARDIAC DISEASE 

Robert E. Swint, M.D.; Richard F. Haines, Ph.D.; 
Chia-Tai Tsai, M.S.; Park W. Willis, III, M.D., FACC, 
"University of Michigan, Ann Arbor, Mich. 


Rheumatic valvular cardiac disease is a consequence of 

rheumatic fever following a beta-hemolytic group A 

— — streptococcal infection in a susceptible person, 

(probably secondary to an immunologic pathogenetic 

- mechanism. Because the B locus genes of the HLA system 

. are linked to immune response genes, this study was de- 

— Signed and carried out to attempt to discover if patients 

— — with the sequellae of rheumatic cardiac valvulitis, 

possess a common immunologic mechanism as demonstrated 

-by a significant association with an HLA phenotype. 


. Thirty-one HLA antigens were studied, using microdroplet 
^ -.- lymphocyte cytotoxicity test, in fifty patients after 
prosthetic valve replacement for isolated mitral steno- 
Sis, or mitral stenosis and aortic valve disease. HLA 
>.  -. antigen frequencies as determined by the First HLA 
d Workshop of the Americas were used as the control 
population. 


— — — HLA-B7 phenotype was found in 19 rheumatic valve disease 
subjects (p «.001). HLA-B8 was found in twice the. 
Petree frequency, - 8 observed, 4 expected 
(.05>p>-.025). These results suggest that an HLA pheno- 


type, B7, may have an association with the pathogenetic 
-~ mechanism of rheumatic cardiac valvulitis in a disease 
E. |» susceptible individual, possibly mediated through an 
A imune response gene. 
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. ASCHOFF BODIES IN OPERATIVELY. EXCISED ATRIAL APPENDAGES | 

. AND IN PAPILLARY MUSCLES: FREQUENCY AND SIGNIFICANCE. 

Renu Virmani, MD; William C. Roberts, MD, FACC; National 
Heart, Lung aid Blood Institute, Bethesda, Md. E 


After mitral valve boue apis o DN (MVC) began in 1948, ? 
many reports appeared describing the frequency of Aschofi 
bodies (AB) in excised atrial appendages (AA) of patient: 
(pts) with mitral stenosis (MS). These reports provided 
little clinical and no hemodynamic information on the pt: 
with AB. Since mitral valve replacement (MVR) began in 
1960, no reports have appeared describing the frequency < 
AB in AA or in excised papillary muscle (PM). AB were | 
found in AA in 39 (25%) of 156 pts with MVC and in Sig (2%; 
of 49 pts with MVR. Of 290 pts with excised PM at the . 
time of MVR (for MS in 209 pts), 5 had AB in PM. The 45 
pts with AB ranged in age from 10-54 years (avg 32); 44 
preoperatively had MS; the 1 pt with pure mitral regurgi- 
tation (MR) was only 10 years of age. Twenty (44%) had 
pulmonary arterial systolic pressures > 50 mm Hg. Sinus 
rhythm was present in 38 (84%) and atrial fibrillation, : 
7 (162). Immediately preoperatively, none had clinisdka 
stigmata of acute rheumatic fever (ARF), or elevated . 
titers, or streptococci in throat cultures, and 58% "had. r 
history of ARF. This study provides further evidence: thi 
the mitral valve scarring initiated by ARF eventually - 
leads to MS and rarely, except in childhood, to pure MR. 


THE RATE OF PROGRESSION OF AORTIC STENOSIS IN ADULTS 
Melvin D. Cheitlin, MD, FACC; Edward W. Gertz, MD; Bruce 
Brundage, MD, FACC; Joseph Quash, MD; Robert Bode, MD, 
Cardiology Service, San Francisco General Hospital, San 
Francisco, California 

Since the rate of progression of severity of valvar aor- 
tic stenosis (AS) is unknown, 29 patients (PT) with AS 
from 3 centers were collected where the peak systolic 
gradient (G) had been measured at at least 2 different 
studies (S). Excluded were PT with intervening aortic 
valve surgery or predominant aortic insufficiency. The 
PT were arbitrarily divided into 16 with (P) and 13 
without (NP) progression on the basis of an increase in 
G of 50% or more from first to second S. Clinical data 
at the time of each S including history, physical, ECG, 
and chest x-ray were examined for clues to progression. 
No significant difference between groups in the etiology 
of the AS, mean age at first S (NP 45.9+6.2 vs P 44,8* 
9.7 years), mean time between S (NP 39.3*30.1 (range 4 
to 116) months vs P 47.6*26.6 (range 13-120) months). 
Between the S, NP mean G rose from 43.2*22.7 to 45.4*20. 
torr and P mean G rose from 25.9*14.6 to 71.4*26.1 torr. 
Both the rise in mean G in P group between S and the 
difference in mean G at first S between P and NP groups 
are significant (p<.001). The fastest progression in G 
was from 0 to 90 torr in 24 months. The most stable was 
a change in G from 42 to 52 torr over 116 months. The . 
mean slope of G increase was NP-.06 torr/month and P+ 
1.21 torr/month (p<.001). PT with severe AS (G>40 torr) 
at first study were similar in NP (8/13) and P (4/16): 
groups (p>.10). There was no change in mean cardiac 
output from first to second S in each group (NP 4,97+ 
1.00 to 4.91+1.00 vs P 4.97+1.10°5.924+2.40). Of the Be 
clinical data the ECG was the best indicator of high G 
(mean G with T wave changes 41.7 torr vs 75.9 torr with 
Although no conclusions. a 
to incidence of progression could be drawn, the rate of 
change in G in ‘those who progressed’ was 1,21 koEr üodths 
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deaths (6%). There 


5 with aortic stenosis does not increase the risk of homo- 
"graft valve replacement, Although many patients with 
poor LV function derive considerable benefit from operat- 


« , the. overall improvement is less than in patients with 
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CONSEQUENCES OF INTRAMYOCARDIAL ARTERIAL LESIONS IN 

AORTIC VALVULAR STENOSIS. - | 
Richard L. Naeye, MD, A. James Liedtke, M.D., Pennsylvania 
"State University College of Medicine, Hershey, Penna. 
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= Left ventricular performance is dependent on the 
presence of this arteriolar muscle mass which presumably 
regulates SE perfusion. Those patients who infarcted 
showed the greatest decrease in arteriolar muscle mass 
across the myocardium and the most impaired mechanical 
function, as estimated from end diastolic pressures, 
ejection fractions and mean fiber shortening rates. 
Thus it was concluded that intramyocardial arterial and 
rteriolar lesion- contribute to SE zone ischemia and 
itraoperative infarctions in patients with severe aortic 
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TEMPORAL CHANGES IN LEFT VENTRICULAR FUNC- 


TION AND HYPERTROPHY POST AORTIC VALVE RE- 
PLACEMENT FOR PRESSURE OVERLOAD NR 1 | 


3 Gerhard Schuler, MD; Kirk L. Peterson, MD, FACC; 


Gary Francis, MD; Allen Johnson, MD, FACC; Robert 
O'Rourke, MD, FACC; Pat Daily, MD, FACC; James 
Oury, MD; John Ross, Jr. » MD, FACC, University of 


California, San Diego, La Jolla, California. 


Alterations in left ventricular (LV) function and hypertro- 
phy after aortic valve replacement (AVR) for aortic ste- 
nosis have not been well characterized. Thus, we per- 
formed serial echocardiograms pre and post AVR on 22. 
subjects with no significant coronary atherosclerosis. 
Early followup (EFU) was at 1 week, late between 2-6 
months (LFU;) and 7-20 months (LFU2). LV mus cle 
cross-sectional area (CSA) was calculated from end-dia- 
stolic (ED) diameter (D) and posterior wall thickness 
(PWT). PWT and CSA averaged 1.3 2.09 (SE) cm and 
26.0 + 2.1 cm?, respectively, at preop, and were not 
significantly different at EFU, while aD/EDD and ejection 
fraction (EF) fell insignificantly from 38 t 4% and 66 X 
6% to 32 1 49$ and 59 1 5%, respectively, and velocity of 
circumferential fiber shortening (Vcf) was unchanged at 
1.2 circ/sec. At LFU; (nz14), compared to Br gop, PWT 
fell to 1.1 4.06 cm (p<0.05), CSA fell to 20.8 $ 1,3 (p< 
0.005), while aD/EDD, EF, and Vcf returned to preop 
levels. At LFU? (n=11), PWT and CSA changed insignif- 
icantly from LFU}, but aD/EDD (48.5 t 4.2%), Vef (1.5 
i .07 circ/sec) and EF (75.6 + 2.3%) improved (p«0. 05) 
above the preop values, We conclude that there is sig- 
nificant regression of hypertrophy confined to the first 6 
months post AVR, and, although AD/EDD and EF tend to 
decline immediately postop, by LFU? there is improve- 
ment in LV function. 


TWELVE-YEAR EXPERIENCE WITH AORTIC VALVE REPLACEMENT 
Joseph W. Rubin, MD, FACC; H. Victor Moore, MD; Robert G. - 
Ellison, MD, FACC, Medical College of Georgia, Augusta,Ga. 


Total experience with isolated aortic valve replacement 
has been reviewed for survival (S), rehabilitation (R), 
complications (C), and long-term clinical characteristics 
of 5 models of Starr-Edwards (SE) and the Bjork-Shiley 
(BS) prostheses. Mean age of 212 patients (pts) was 46 
yrs. (12-70); 2/3 were male. Valve lesion was aortic 
stenosis in 38%, insufficiency in 39%, mixed in 23%. Op- 
erative (op) mortality was 12% (26 pts). 186 op survi- 
vors have been followed for 822 pt. yrs. Life table an- 
alyses show 1,3,5,8,10,12 yr. S of 92%, 80%, 70%, 56%, 
45%, 45%, respectively. By valve model to 1976, compari- 
sons of cumulative proportion S, thromboembolism (TE) 
free, C free, and average annual death, TE, and C rates 
show: 

Years Cumulative % Average Annual 
Valve No. Follow S TE C Death TE C 


model Pts. U Free Free Rate Rate Rate 
SEIOO0 30 ] 38% 81% 29% 5.24 1.6% 5.9% 


2 
SEI200 30 9 575 85% 56% 4.8% 1.7% 4.9% 
SE2300 27 7 43% 79% 18%. _« 8.1% «3.0% 11:753 
SE2310 21 6 50$./..3862^ 562 8.32.  2.3$ 7:32 
SE2320 44 4 84% 86% 69% 4.0% 3.5% 7.7 
BS 3h 4 725. 591955 05/2. 1« 7702: Oe 22k. 10. 78 
Total 1] 12 5% 2% 35% .6% 1.5% 5.4% 


TE has occurred at a rate of 3.6/100 pt. yrs., fatal in. 
7, residual in 5. R expressed by NYHA class in 1976 sur- 
vivors (compared with pre-op) Class 1-24. 91$: (173); 3:89: 


(67%); 4: 1% (162). Long-term S and R depend on late C. 


development, which depends on valve model. SE1200 has 


the lowest C rate over the longest time in our series. 


í *. 


Functional durability of hemodynamically-adequate pros- * 
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. PATTERN OF POSTERIOR WALL CONTRACTION ON M-MODE - 


ECHOCARDIOGRAPHY IN THE DIAGNOSIS OF AORTIC STENOSIS 


J. Mark Sheppard, MD and Noel Cahill, MD, University of 
e; Chicago, Chicago, Illinois. 


Patients with aortic stenosis (A.S.) were noted to have 


Lt. ce characteristic pattern of posterior wall contraction 


X. 


reflecting slow, relatively constant, and prolonged left 


- ventricular internal diameter (LVID) shortening, with an 
— abrupt onset of diastole (PWAS).The posterior wall 


 endocardiug is diagrammed: 
A Aortic Stenosis 
(PWAS) 


Normal or 
Hypertensive 
The purpose of the study was to assess if this 


appearance could be readily recognized and be of 


 anciliary use with aortic valve cusp study, in the 


greater than 1.0 sq. œ. 


diagnosis of A.S. Methods: 31 pts with dominant A.S. 
proven at cardiac catheterization or surgery were studied 
concurrently by M-mode echocardiography, 17 pts (A.S.<1) 
having valve areas less than 1.0 sq. cm. and 14, (A.S.71) 
They were compared with 30 


. normals and 30 hypertensives (HT), the latter having 


compensated A.S. 


matched posterior wall thickness (PWT) to A.S.<1. The 


tracings were mixed and assessed blindly by 2 physicians 
with particular attention to PWAS. Results: The pts 
with A.S.<1 were all graded as probable or definite PWAS 
with only 3/30 HT and 1/30 normals having this 
appearance. A.S.>1 did not have PWAS when gradients were 
less than 20 mmHg (0/5), but had PWAS in 5/6 with 
gradients>40 mmHg. PWT was greater than 1.4 œs in all 
cases of A.S.«1. LVID was normal or low in pts with 
Conclusions: A normal pattern of 
posterior wall movement and normal PWT exclude 
significant A.S. The combination of PWAS, PWT greater 
than 1.4 ems, and normal LVID in a normotensive pt raises 
a strong suspicion of significant A.S. 


EVALUATION OF REGITINE AS A PROVOCATIVE TEST IN HYPER- 
TROPHIC SUBAORTIC STENOSIS 

Nicholas Z. Kerin, M.D.; Melvyn Rubenfire, M.D., F.A.C.C. 
and Ronald Blonder, D.O., Sinai Hospital of Detroit and 
I. Mori, M.D. and Josef Edelstein, M.D., Mt. Sinai 


Hospital of Cleveland 


^s Regitine because of its capability of enhancement of 


- myocardial contractility and decrease in afterload 


without marked induction of tachycardia is potentially 

a better provocative maneuver than Valsalva, isoproter- 
nol and amyl nitrate in evaluation of aortic outflow 
tract obstruction.  Regitine (5 mg IV) was utilized 35 
times in association with echo and phonocardiography. 
Average fall in blood pressure was 20 mmHg systolic with 


' none below 90 and no marked increase in heart rate. The 


recordings of echo and phono were of high quality despite 
the changing hemodynamics. In 5 patients with classic 


- IHSS, the obstructive index increased with amyl nitrate 





from 39.6412 to 5118.9 (P€.05) while Regitine increased 
obstructive index to 69.8125.6 (P¢.025). Following 2 
weeks of 80 mgs of propranolol orally, no change from 
mean resting obstructive index occurred with either 
amyl nitrate or Regitine. In 4 patients with pseudo 
systolic anterior motion and right ventricular overload, 
no change in the obstructive index was elicited by either 
amyl nitrate or Regitine. It is concluded: Regitine 
appears to be a safe, simple and specific provocative 
test and more potent than auyl nitrate in eliciting 
dynamic obstruction in IHSS; Regitine and amyl nitrate 


are useful maneuvers in differentiating systolic anterior 


motion from pseudo systolic anterior motion; Regitine 
like amyl nitrate does not affect the obstructive index 


^. in patients with beta blockade. 
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INTRAOPERATIVE IDENTIFICATION OF THE CONDUCTION SYSTEM Il 
DEXTROCARDIA WITH COMPLEX CONGENITAL HEART DISEASE — . 
Garrick J. Fiddler, MRCP; James D. Maloney, MD; Gordon K 
Danielson, MD, FACC; Dwight C. McGoon, MD, FACC; Donald 
G. Ritter, MD, FACC, Mayo Clinic and Mayo PEN EM 
Rochestér., Minnesota. 


Since mid 1973 intraoperative identification of. the 
conduction system (IICS) has been performed at our insti. 
tution in selected cases of complex congenital heart 
disease. Eleven cases of dextrocardia underwent IICS. 
IICS was successful in 9 patients: 6 had situs sol ith 
of viscera and atria (isolated dextrocardia (ID)) 5 of 
whom had atrioventricular discordance (AVD); 2 had situs 
inversus of viscera and atria (mirror image dextrocardia 
(MID)) both of whom had AVD; and 1 had MID, visceral 
heterotaxy, AVD and discordant great Juesabe. In EDU 
tients, IICS was performed with particular reference to. 
closure of a ventricular septal defect (VSD). In the 8 
patients with AVD, conducting tissue was identified 
anteriorly to the VSD in 3 and posteriorly in 5. Com- 
plete atrioventricular (AV) canal was present in l pa- 
tient with AVD and posteriorly located conducting tissue 
In the l patient with ID and AV concordance the con- 
ducting tissue was also located posteriorly. $ 

One of the 2 patients in whom IICS was unsuccessful 
developed complete heart block and died in the early 
postoperative period. All the 9 patients in the success 
ful IICS group were early postoperative survivors, 6 had 
normal AV conduction and 3 had complete heart block re- 
quiring insertion of a permanent pacemaker. ! 

In contrast to the situation in levocardia, the re- 
lationship of the conducting tissue to the VSD in our 
patients with dextrocardia was variable regardless of 
concordance or discordance of the ventricles, We there- 
fore consider IICS to be an essential technique in the 
surgical management of this group. 


SURGICAL TREATMENT OF TRUNCUS ARTERIOSUS IN 
INFANCY. 

Jaroslav Stark, M.D., Marc de Leval, M.D., 
Fergus Macartney, M.B., James Taylor, M.D. Th: 
Thoracic Unit, The Hospital for Sick Children, 
Great Ormond Street, London, England. 


Intractable congestive heart failure in infancy 
and development of pulmonary vascular obstruct: 
ive disease (PVOD) in early childhood are re- 
sponsible for the persistent high mortality ra! 
in children born with truncus arteriosus (TA). 
Until now, banding of the pulmonary artery was 
attempted in symptomatic infants, but carries 
a high mortality rate. The elective age for 
correction was 3 - 5 years. In an endeavour t« 
improve upon the natural history of TA, we 
adopted a policy of correcting symptomatic 
infants and young children with TA. Since 
October 1974, seven infants with TA and one wi! 
hemi-truncus underwent complete repair of the 
defects. The age at operation ranged from 5 _ 
days to 12 months and weight from 2.4 kg to 6] 
Dacron conduits (12 - 14 mm) bearing a glutara: 
dehyde preserved heterograft (Hancock) were us: 
in all. Five patients survived the operation. 
Their weights at operation were: 2.4, 3.5, 3.9 
4.7 and 6 kgs. Their ages were 28 days, 2, 5, 
and 12 months. All five are well 1 - 22 month: 
postoperatively. Two operative deaths followec 
intramyocardial injection of contrast medium ai 
catheterization, in the third diagnosis was 
incomplete. Although these patients will grow 
to need a larger conduit, our preliminary 


SC DEAN favours the policy of early repair 
o . | 
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= Our experience with operation for complete atrioven- 
tricular (AV) canal includes 47 patients (pts) operated 
= upon between January, 1967 and September, 1976. Two had 
. pulmonary artery (PA) banding (1 died). 1 had concomi- 
= tant repair of aortic coarctation (died). 3 had complex 
. lesions (all died). 3 had previous PA banding (2 died) 
and 11 were over 2 years of age (2 died). 

xd The remaining 27 pts were under 2 years of age and 

. underwent complete repair of complete AV canal without 

» previous operations or other major anomalies (6 had 
patent ductus arteriosus). The overall hospital morta- 
- lity for these 27 pts was 41% (11/27). Of the 16 pts 
under 2 years of age operated upon since January 1, 1975, 
hospital mortality is 19% (3/16) and there has been 1 

| death among the 10 such pts operated upon in 1976. The 
_ youngest survivor was 5 weeks of age. The | known late 
` death 3 months postoperatively was secondary to pneumonia 
— with sepsis. - 

eU t Statistical analysis revealed no correlation between 
. age and probability of death at operation. In view of 
the lethal natural history of AV canal and poor results 
. With PA banding, we believe that complete repair in the 
. first 2 years of life is indicated. 
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cal correction of tetralogy of Fallot (TF) after 
age 30 years. Right and left heart catheteri- 

^ gation, at rest and exercise, together with 
“quantitative right and left ventricular angio- 

_ Cardiograms were done an average of 11.1 years 
after correction of TF in 18 surviving adults 
(ean age at operation 25.6 years). Early surgi- 
` cal and late (total) mortality rate were 16 and 


25 % respectively. There was pronounced sympto- 
-matic improvement in all survivors. The resting 
pressure gradient across the pulmonary valve, 
“which was 102,6-18,2 mn Hg pre-operatively, 
went to 14.1-8.4 mm Hg post-operatively, and 
“was increased to 31.8-10.7 mm Hg with exercise. 


- Mean, left ventricular enddiastolic pressure was 
2 12.5-7. mm Hg at rest and abnormally elevated 
to 16.226,2 mm Hg with exercise, Mean resting 
cardiac index was normal at 3.4-0.7 L/MIN/M^and 
_ increased to 6.121.6 L/MIN/M2 with exercise, Mean 
. right ventricular enddiastolic volume, stroke 

| yolume, and ejection fpaction were normal (82.9 
= ,,45.4 %) ag were left 
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.721.7 ML/M?, $6.0 ML/M*,, 2 
e ronlar values (71.4=12.8 ML/M^, 44.2 ML/M 
d 1,9 s je x phere : 

_ The results of this study indicate acceptable 
Surgical mortality, excellent functional improve- 
- ment » and only minor biventricular exercise- 
induced dysfunction late,post-operatively after 
correction of WP on adult God. «x A * 
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LONG-TERM EVALUATION (11-21 YEARS) OF OPEN HEART SURGERY 
FOR TETRALOGY OF FALLOT nr i NL i i 
Valentin Fuster, MD, Dwight C. McGoon, MD, Margaret A. 
Danielson, John W. Kirklin, MD, Mayo Clinic and Mayo 
Foundation, Rochester, Minnesota and the University of 
Alabama, Birmingham, Alabama 


Four hundred and seventy-five patients (pts) who 
underwent total repair of Tetralogy of Fallot from 1955 
to 1965 have been followed up postoperatively for 11-20 ` 
years (mean 15 years) and the results are reviewed. The 
group was composed of 298 males (637) and 177 females 
(37%) and the age at operation ranged from 8 months to 
53 years (mean ll years). 


Although mean operative mortality (30 days) was 167, 
with evolvement of surgical techniques and experience, 
the cperative mortality from 1961 to 1964 was 87. Of 
those pts surviving operation (398 pts) the majority or 
86% (342 pts) had an ideal late result and are living a 
normal life; 87 (31 pts) had poor results or required 
reoperation for residual ventricular septal defects or 
pulmonary stenosis; and 67, (25 pts) died, the majority 
within 3 years of the operation, death coded as sudden 
unexpected (13 pts), associated with heart failure (7 pts), 
bacterial endocarditis (1 pt), and noncardiac death (4 pts) 


This long-term follow up study of a large series of 
pts involves the earliest operated for Tetralogy, many of 
whom underwent surgery before the evolution of presently 
preferred techniques for repair. Nevertheless, the late 
results are gratifying, indicating a stable and generally 
good status during the two decades following repair. 


TISSUE VALVE REPLACEMENT OF PROSTHETIC HEART VALVES FOR 
THROMBOEMBOLISM : 

Bruce A. Reitz, MD; Edward B. Stinson, MD, FACC; Randall 
B. Griepp, MD; Norman E. Shumway, MD, FACC, Stanford 
University Medical Center, Stanford, California 94305. 


A dreaded complication of prosthetic heart valve replace- 
ment is systemic embolization, Since 1968, at Stanford 
University Hospital, there have been 25 patients with 
this complication who have undergone re-replacement of a 
prosthetic valve with a tissue prosthesis. All of the 
patients had mitral valve replacement, primarily Starr- 
Edwards caged ball, and had been treated with anticoag- 
ulants. There were 14 men and 11 women with an average 
age of 50 (35-65). The cardiac rhythm was normal sinus 
in 15 and atrial fibrillation in 10, Two patients were 
severely ill due to clot restriction of prosthetic ball 
motion.  Reoperation was performed an average of 4.0 
years following the original valve replacement, A stent- 
ed homograft was used in the first 7 patients and a por- 
cine xenograft in the last 18 patients. There was one 
hospi-al death and two late deaths.  Postoperatively 9 
have been maintained on anticoagulants, 15 remain in 
sinus rhythm, and 7 in atrial fibrillation, With the 
first prosthetic valve there were 66 documented embolic 
episodes in 101.5 patient years (0.65 emboli/year). Only 
4 embolic episodes in 67.44 patient years (0.059 emboli/ 
year) have occurred following tissue valve placement, a 
difference significant at P < 0.001, We conclude that in 
those patients with recurrent or severe embolization fol- 
lowing prosthetic heart valve replacement, re-replacement 
with a tissue prosthesis can be done safely and provides 
a significantly reduced chance of suffering additional 
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CLINICAL EXPERIENCE WITH THE HANCOCK PORCINE XENOGRAFT 
VALVE 
Ellis L. Jones, MD; Joseph M. Craver, MD, FACC; 


Charles R. Hatcher, Jr., MD, FACC; E. Allen Morgan, PAC 
Emory University School of Medicine, Atlanta, Ga. 


Since June, 1974, 208 pts. have undergone valve replace- 
ment with the Hancock porcine aortic and mitral xenograft 
valve (PXV) at our institution. During this period, the 
embolic, mechanical and hemodynamic performance of the 
valve was evaluated.70% of all pts.were in NYHC III or IV. 
The prosthesis size most commonly used for AVR was 23 mm.; 
for MVR,29 mm. Hospital mortality was as follows: isolated 
AVR,2.92 (3/101 pts.) ;MVR,8.42(7/83 pts.);and AVR+MVR 12.5% 
(3/24 pts.). 23 pts. underwent repeat cardiac catheteriza- 
tion 2 to 8 months following AVR in order to assess hemo- 
dynamic performance. Mean peak systolic gradient across the 
aortic PXV was 21 mm.Hg at rest and 35 mm.Hg during exer- 
cise.Calculated effective ong tine areas ranged from 0.99 
cm.^(19 mm.valve)to 1.42 cm.^(25 mm.valve),suggesting that 
the Hancock valve is better suited for the larger aortic 
annulus where at least a 23 mm.valve might be used. Our 
experience indicates that the 19 mm. Hancock aortic PXV 
should not be used in the adult pt. However,acceptable LV/ 
Ao pressure gradients were found in small females with re- 
duced cardiac index when the 21 mm. valve was used. The 
small prosthetic sizes(19, 21 mm.) may be avoided by ven- 
triculo-septal or sinus of Valsalva annuloplasty (to be 
described). Clinical impressions of the hemodynamic func- 
tion of the mitral PXV have been favorable and support 
previously reported studies of good function in the mitral 
position.Unlike other prosthetic valves,special LV venting 
procedures are required to avoid ventricular distention 
and postop LV dysfunction in pts.undergoing MVR(to be de- 
scribed).Follow-up (mean-12 months)reveals 5 pts.with per- 
ipheral embolism, (1 AVR,2 MVR,2 DVR), 1 case each of sig- 
nificant paravalvular leak and valve failure (AVR). Hemol- 
ysis was not noted in any pt. 


PATHOLOGY IN PATIENTS WITH GLUTARALDEHYDE-FIXED PORCINE 
CARDIAC VALVES. Michael C. Fishbein,MD; Sally A. Gissen; 
John J. Collins,Jr.,MD,FACC; Ernest M. Barsamian,MD; Law- 
rence H. Cohn,MD,FACC; Depts of Path and Surg, Peter Bent 
Brigham Hosp, Boston, and the VA Hosp, Mest Roxbury, MA. 


Although an estimated 20,000 glutaraldehyde-fixed 
porcine cardiac valve prostheses have been implanted in 
patients (pts) there is a lack of detailed pathologic 
studies of valves removed surgically or examined at 
necropsy. In this study pathologic findings in 23 pts 
having had valve replacement with porcine valves are des- 
cribed. In the 20 necropsy pts the aortic valve had been 
replaced in 10, mitral in 7, aortic and mitral in 2, and 
mitral and tricuspid in 1. In 14 pts dying less than 1 
month (mo) after valve replacement, death was due to cor- 
onary artery disease in 3, hemorrhagic myocardial necro- 
sis in 4, post-operative hemorrhage in 1, pulmonary dis- 
ease in 2, and phycomycosis of the prosthesis in 1; no 
anatomic cause was found in 2 pts. In 6 pts dying 1 to 
12 mo after valve replacement, death was due to prosthet- 
ic thrombotic stenosis in 1, prosthetic endocarditis in 
1, and causes unrelated to the prosthesis in 4. Of 3 
surgically excised malfunctioning valves removed 12 to 30 
mo after implantation, incompetence was due to infective 
endocarditis in 2 and a torn cusp in 1. 

A total of 26 valves from the 23 pts were examined. 
Sixteen of 17 implanted less than 1 mo were normal. Five 
of 8 non-infected valves implanted 1 to 30 mo were ab- 
normal; 2 (from 1 pt) were partially calcified, 5 (from 2 
pts) had focal thrombi, 1 had thrombotic stenosis, and in 
la cusp was torn. While clinical experience suggests 
that the glutaraldehyde-fixed porcine valve is durable 
and relatively non-thrombogenic this study indicates that 
pathologic changes may occur causing clinically signifi- 
cant dysfunction in some pts. 
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STUDY OF NORMAL AORTIC VALVE FUNCTION IN RELATION TO THE 
DESIGN OF TRILEAFLET AORTIC PROSTHESES 

Mano Thubrikar, Ph.D.; Robert Harry, M.D.; Stanton P. 
Nolan, M.D., F.A.C.C., University of Virginia, 
Charlottesville, Virginia 


Previous trileaflet aortic prostheses failed from fatique 
and flexion stresses because their design was not based 
on physiology of the normal valve. The dynamics of norma] 
aortic valves were studied in terms of movement of aortic 
valve commissures and leaflets in vivo. Eight dogs were 
placed on total cardiopulmonary bypass; through an aorto- 
tomy, radiopaque platinum markers were placed on the 
commissures at the level of leaflet coaptation and at the 
center of the leaflets' free edge. Three dogs were 
studied acutely and five dogs after 15 days. Marker 
movement in the beating heart was recorded under fluoros- 
copy on video-tape. The aortic root (AR) expands 12t 1% 
during systole at BP 120/80 mm Hg. The AR expands 8.5- 
24% at BP ranging from 50/30 to 240/180 mm Hg. The AR 
diameter vs. BP relationship is similar to a classical 
tension-radius relationship of the aorta. The AR dia- 
meter is controlled by BP and by pressure gradient across 
the valve. The functional elastic modulus of the AR is 
4.44 x 10? dynes/cm2. Expansion of AR begins 20-40 msec 
before the valve opens. The velocity of leaflet opening 
is 130 cm/sec. The orifice of the opened valve is cir- 
cular and maximal at the beginning, gradually decreas- 
ing to the point when the valve snaps shut. Commissural 
expansion gives a smooth opening, less shear stress on 
the leaflet surface, less flexion stress at the center 
of the leaflet and less fatigue strain on the leaflet 
thereby maximizing life and efficiency of the aortic 
valve. If these characteristics were incorporated into 
aortic prostheses, the failure due to fatigue and flexioi 
stresses should be reduced. 


A COMPUTER-ASSISTED REPORTING SYSTEM FOR THE FOLLOW-UP 
OF PATIENTS WITH PROSTHETIC HEART VALVES 

David C. MacGregor, MD; Gregory J. Wilson, MD; Leonard 
Schwartz, MD; H. Dominic Covvey, MSc; E. Douglas Wigle, 
MD, Toronto General Hospital, Toronto, Ontario 


The implantation of large numbers of prosthetic heart 
valves carries with it the responsibility for continual 
reassessment of all aspects of patient management. Our 
experience with over 1800 prosthetic valve operations 
during the past 13 years has led us to the development o 
a comprehensive computer-assisted data collection, 
management and reporting system. Over a 5 year period, 
group of data forms have been evolved for the detailed 
documentation of preoperative, intraoperative and post- 
operative information. These have been designed in the 
form of check-lists suitable for direct computer entry 
via mark-sense document readers. Special emphasis has 
been placed on such areas as the preoperative assessment 
of ventricular function, valve selection, intraoperative 
myocardial preservation, postoperative rehabilitation ar 
prosthetic valve-related complications. We are current. 
basing our program on a Varian V-76 minicomputer. This 
system makes possible the rapid computer-generation Of i 
variety of reports both to the referring physician re- 
garding the individual patient and to the clinical inve: 
tigator in relation to patient group statistics. Also, 
questionnaires to patients and/or physicians to update 
patient data may be produced by the computer at approp- 
riate intervals following each individual's valve surge; 
We submit that a computer-assisted methodology is the 
only practical way to provide adequate follow-up on a 
large population of patients. Additionally, direct ac- 
cess to relevant information helps to create an environ 
ment in which essential research can be carried out in 
the face of a demanding clinical practice. 
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-  DIFFEI IN SENSITIVITY TO PROPRANOLOL OF NEONATAL AND 
e ADULT CANINE CARDIAC PURKINJE FIBERS 

- Peter Danilo, Jr., Ph.D., Allan J. Hordof, M.D., etd 

_ Michael R. Rosen, M.D., FACC, Department of Pharmacology, 
Io of P&S, New York, N.Y. 10032 


The 


DAE rhythmic effect primarily through competitively inhibi- 
Ia the cardiac effects of catecholamines. The extent 
that P effects vary with age may modify P dosage schedule 
Koror: children. Therefore, we studied the effects of P on 
"automaticity of isolated Purkinje fibers (PF) from neona- 
(tal and adult dogs. The effects of P on automaticity of 
| spontaneous ly beating PF and on the response of PF to epi- 
. mephrine (E) 8 ug, delivered into the tissue bath,were 
studied. Control action potential (AP) characteristics for 
A Bit and neonatal PF, respectively, were:amplitude, 123.4 
ER. mV and 124. 351.8 mV; maximum diastolic potential, 
. 288.150. .8 mV and -90.5*0.9 mV; maximum rate of phase 0 de- 
| polarization, 523*26 V/sec and 467*39 V/sec. AP duration 
was significantly shorter in neonates than in adults. The 
spontaneous rates were: adult PF 15.5*4.2 beats/min; neo- 
nates, 9 754. 7. Automaticity of adult PF was significantly 
decreased at "P25x10-6M; that of neonatal PF, at P21x10-?M. 
_ E-induced increases in automaticity of edit PF were sig- 
^ nificantly attenuated by P25x10-7M; in neonates at P25x 
10 M. The results confirm that P effect on automaticity 
1^ (a. direct action) occurs at higher concentrations than its 
. B blocking effect. They also demonstrate that in neonates 
= a higher concentration of P is needed to block the effect 
"of E on automaticity than in adults. This is in keeping 
ith the greater sensitivity of neonatal PF to the chrono- 
ee rhe of catecholamines and spat cates that rela- 


THE CONDUCTION SYSTEM IN DEXTROCARDIA.Saroja Bharati;M.D. 
(8 Maurice Lev;M.D.F,A,C,C.;Hektoen Institute.Chicago.,Ill. 


. The anatomy of the conduction system(CS)in dextrocardia 
is today unknown.This is a serial section CS study of five 
' hearts. of various types of dextrocardia.In one case of 
- dextroversion(situs solitus atria with d-loop)the CS was 
-found to be the same as in the normal heart.In one case 
- of mirror-image dextrocardia(situs inversus atria with l- 
. loop)the SA node was in the morphologic right (leftsided) 
| atrium, and the peripheral CS was in the correct morpho- 
< logic, but in the opposite spatial position.In one heart 
— of mixed (discordant) dextrocardia, with atria & viscera 
in situs solitus with ventricles discordant and the 
< spleen normal, the SA node was in correct morpholozic 
eee Oh there were two AV nodes-a posterior close to the 
spi pid Sinus and an anterior in the roof of the morpho- 
Ri logic right atrium.They formed two separate bundles which 
_ joined in the left ventricle to form a sling.The bundle 
fo cance or p given off n T from the posterior CS, In 


pv SA node vas in the ros» diagnosed morpho- 
p left side of CA. There were again two AV nodes ,a 


Eu C8-ix-whdye Vb is expected to be in 
| dextroversion and mirror image dextrocardia,(2)only dis- 
'cordant chambers are associated with two CS forming a 
sling, the functional component of which is not known.(3) 
where there are splenic abnormalities gross examination 


hologic atria, or sides: of CA. 





“February 1977 The Amer 


ae V 





The B-blocking agent, propranolol (P), exerts its anti- 
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"lets OF SUPRAVENTRICULAR TACHYCARDIA INITIATED. 

DURING SINUS RHYTHM IN CHILDREN PERYA 

Otto L. Garcia, MD; Ruey J. Sung, MD, .FACC; Pedro TForter. 

MD; Dolores Tamer, MD; Agustin Castellanos, MD, FACC; 

-and Henry Gelband, MD, Divisions of Pediatric’ Cardiology 
and Adult Cardiology, University of Miami School of 

Medicine, Miami, Florida. 


Whereas the usual form of reciprocating A-V tachycardia 
is triggered by a premature atrial beat with prolonged 
P-R interval there is another, more malignant, type of 
arrhythmia, generally considered to be ectopic atrial in 
origin, which is virtually chronic,stopping only sporad- 
ically to allow interposition of sinus beats. His bundle 
and other intracardiac electrograms were recorded, and 
electrical stimulation studies performed, in five chil- 
dren aged 15 days to 11 years with normal P-R; narrow 
QRS; and chronic tachycardia. Two mechanisms of A-V 
reciprocation were identified. (1) Concealed WPW syndrome 
characterized by (three patients): (a) retrograde atrial 
activation pattern depending on the left or right sided 
location of the bypass, with negative P waves which 
could be closer to the next QRS complex; (b) isolated 
atrial echo beats; (c) initiation of the tachycardia by 
shortening of the sinus length. (2) Double intra-nodal 
pathways characterized by (two patients): (a) retrograde 
atrial activation pattern sui generis to impulse enter- 
ing the atria through the A-V node; (b) two intra-nodal 
pathways with different refractory periods and conduct- 
ion times and (c) initiation of tachycardia when length- 
ening of sinus cycle length led to automatic A-V junc- 
tional beats. To summarize: chronic tachycardia in chil- 
dren can be initiated by variations in sinus rate and is 
due to an A-V reciprocating mechanism involving the A-V 
node and a concealed bypass or dual intra-nodal pathways. 


ELECTROPHYSIOLOGIC AND PHARMACOLOGIC CHARACTERISTICS OF 
AUTOMATIC ECTOPIC SUPRAVENTRICULAR TACHYCARDIA 

Arthur Garson, Jr., MD; Paul C. Gillette, MD, FACC; and 
Dan G. McNamara, MD, FACC 

Section of Cardiology, Department of Pediatrics, Baylor 
College of Medicine and Texas Children's Hospital, 
Houston, Texas 


The use of intracardiac electrophysiologic recording and 
pacing techniques allows for the identification of the 
mechanism of supraventricular tachycardia (SVT). In 9 
children aged 21 days to 9 years, the diagnosis of chron- 
ic SVT due to an ectopic focus was established by data 
obtained from atrial pacing and the recording of intra- 
cardiac electrograms. Overdrive atrial pacing and pre- 
mature atrial stimulation failed to initiate or terminate 
the tachycardia in each instance.In 5 patients the tachy- 
cardia was repetitive while in 4 it was persistent. Re- 
sults of long-term pharmacologic intervention indicate 
that digoxin was successful in reestablishing sinus 
rhythm in 1 patient but was ineffective in 2, and slowed 
the tachycardia rate slightly in 6. Propranolol alone 
was completely effective in 3 cases, completely ineffec- 
tive in 1, and while it slowed the rate slightly in an- 
other, it resulted in the worsening of the patient's 
congestive heart failure. Diphenylhydantoin was effective 
in 2 of 3 patients in whom it was used and completely in- 
effective in one. Reserpine was completely effective in 
one and ineffective in one.  Thorazine was effective in 
the one patient in whom it was used. In terminating SVT 
due to an ectopic focus,diphenylhydantoin and propranolol — 
are more likely to be effective than digoxin. It is con- 
. cluded that although ectopic SVTs are difficult to man- 
age, an aggresive diagnostic and phaina IR d 
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|. The Children's Hospital Medical Center, Boston, Mass. 


RIGHT VENTRICULAR APEX ACTIVATI 
REPAIR OF TETRALOGY OF FALLOT. 


GA Thomas J.Hougen, M.D.,Macdonald Dick II,M.D. ,Michael D. 


Freed,M.D.,John F.Keane, M.D. Department of Cardiology, 


|... To distinguish surgically induced central right bundle 
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RVA 27.7+10.7 msec). 
RBBB on ECG, and four of 23 had bifascicular block (BFB). 


branch block from peripheral RBBB, right ventricular apex 


activation (RVA) and His bundle intervals (AH,HV) were 
measured in 23 patients following intracardiac repair of 


the tetralogy of Fallot (TOF). Sixteen unoperated patients 


with various congenital heart lesions and without RBBB 
served as controls (AH 84.2+17.4 msec., HV 37.5+9.2msec, 
Eighteen of 23 TOF patients had 


One patient had right ventricular conduction delay 
(ORS<O.12 sec.). 


In the 18 TOF patients with RBBB, HBE intervals were nor- 


mal (AH 89.3+26.7 msec.,HV 41.2+13.3 msec) in all; in 
contrast RVA's ranged from 18-102 msec., but were pro- 
longed (?2SD control) only in 503(9/18). In the four 


. patients with BFB, HV was normal in three and RVA normal 


in two of these (36,43 msec); in one patient, HV was 
61 msec, but RVA 27 msec. 


The data suggest that 50* of our patients with surgically 


induced RBBB following TOF repair had peripheral RBBB, 
related to the ventriculotomy rather than central RBBB, 
i.e., related to the right bundle. In the patients with 
surgically induced BFB, the findings suggest His bundle 
injury in one, injury to the anterior division of the 
left bundle in two, and true bifascicular block in one. 
We conclude that RVA is useful in defining the nature 

of the surgical injury to the right bundle following TOF 
repair. 


ANATOMIC TYPES OF DOUBLE OUTLET LEFT VENTRICLE 
Paul M. Weinberg, MD; Richard Van Praagh, MD, FACC; Stella 
Van Praagh, MD; Billy Hightower, MD; Jerry D. Jordan, MD, 


FACC; William W. Miller, MD, FACC; Arthur G. Weinberg, MD; 
Ina Bhan, MD; M. A. Ali Khan, MD, FACC; Marshall Kreidberg, 


MD, FACC; Dominique Metras, MD; Milton H. Paul, MD, 
FACC, Children's Hospital Medical Center, Boston, Mass. 


. 85 cases of double outlet left ventricle (DOLV) documented by 

angiocardiography, surgery or autopsy were analyzed segmen- 
 tally:[situs, ventricular loop, great arteries} (situs was solitus 
_ (S) or inversus (1), ventricular loop had morphologically right 
. ventricle right-sided (D) or left-sided (L), great arteries had 


aortic valve to the right (D), anterior (A), or to the left (L) of 
the pulmonic valve). 13 different anatomic types were found: 
[S, D, D) (1) with intact ventricular septum, (2) with subaortic 


ventricular septal defect (VSD) without pulmonic stenosis (PS) or 
(3) with PS, (4) with bilaterally absent conus and subaortic VSD, 


(5) with tricuspid atresia and subaortic conus ([S, D, A}) or (6) 
bilateral conus, (7) with mitral atresia and large LV; 1S, D, L} 


with (8) subaortic VSD, PS and deficient subaortic conus or (9) 
subpulmonary VSD, subaortic stenosis and bilateral conus; (10) 


[S, D, D) with subpulmonary VSD and deficient subpulmonary 


conus; (11) {S, L, L} with subaortic VSD and pulmonary atresia; 


(12) [I, L, D}; (13) fI, D, D. 6 original cases demonstrating 


"various combinations of bilateral conal deficiency, hypoplasia of 
- the right ventricle and idiopathic malalignment of the conotrun- 
- eus with respect to the ventricles will be shown, An under- 
standing of the different anatomic types of DOLV facilitates 
diagnostic accuracy. This is important because at least three- 
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AORTIC-VALVE ATRESIA ASSOCIATED WITH VENTRICULAR SEPTAL 
DEPECHE ioe epee) Keone Rn 
Lowell W. Perry, MD, FACC; Lou 


| is P. Scott, MD, FA CC; Rom 
S. Chandra, MD; William C. Roberts MD, FACC, Children's 


Hospital National Medical Center, Washington, D.C., and 


National Heart, Lung and Blood Institute, Bethesda, Md. 


Aortic-valve atresia (AVA), the congenital cardiac mal- 
formation with the worst prognosis, is usually associate 
with a rudimentary left ventricle (LV), a hypoplastic or 
atretic mitral valve (MV), and an intact ventricular 
septum (VS). Among 73 patients (pts) with AVA studied b 
us at necropsy, 4 had associated ventricular septal defe 
(VSD) and a normal or near-normal sized LV. Only l . 
previous patient with VSD associated with AVA has been | 
reported. Of our 4 pts, all died by 15 days of age. 
Three had normal and 1 had an atretic MV. All 4 had gra 
2-3/6 ejection, precordial systolic murmurs, normal or. 
near normal sized hearts by Xray, and retention of LV. — 
forces and absence of right atrial abnormality by ECG. — 
Catheterization in 3 pts showed low systemic venous and 
arterial oxygen saturations, high LV end-diastolic 
pressures, systolic pressure gradients between LV and 
right ventricle and no shunts at the atrial level. In ~ 
contrast to our 69 pts with AVA and intact VS, our 4 pts 
with AVA and VSD had 1) a higher frequency of precordial 
murmurs (100% to 40%); 2) a smaller cardiac silhouette b 
Xray; 3) near normal LV forces in the presence of RV — s 
hypertrophy and lack of right atrial abnormality by ECG; 
and 4) absence of left-to-right shunt at atrial level by 
catheterization. Echocardiogram should demonstrate the 
LV cavity in patients with AVA with VSD and the lack of 
one in AVA with intact VS. The development of the LV in 
the pts with AVA and VSD may make these newborns amendat 
to a palliative operative procedure. QE 
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PATHOLOGIC ANATOMY OF SUBAORTIC OBSTRUCTION IN THE FIRS’ 
YEAR OF LIFE. Robert M. Freedom, M.D., F.A.C.C. and - 
Richard D. Rowe, M.D. The Hospital for Sick Children, 
Toronto, Ontario, Canada. 
The Hospital for Sick Children's Cardiac Registry contai 
2006 congenitally malformed hearts, 1362 of these obtair 
from patients(pts.) 1 year of age and younger. Ninety- 
nine of these(7.3%) were identified as having subaortic 
stenosis(SAS). These were studied to determine those — 
morphologic features responsible for SAS and to identif 
the associated cardiac malformations. In our pts., SAS 
resulted from l. conoventricular malalignment(CVM); 2. 
maladherent mitral valve(MV); 3. accessory cushion tiss 
(CT); 4. restrictive bulboventricular foramen (BVF); 5. 
poorly expanded subaortic conus; 6. discrete fibrous me 
brane; 7. hypertrophic; 8. tunnel SAS; and 9. miscellan 
ous. The relatively discrete forms of SAS(Nos. 6-8) we 
most uncommon, but CVM, MV, CT, and BVF were most often 
responsible for SAS in this age group. In some pts., 
more than one of these mechanisms could be identified a 
resulting in subaortic stenosis. In such cases, the su 
aortic obstruction was very severe. The majority of pt 
with severe SAS had aortic arch anomalies(reflecting re 
duced antegrade aortic flow) and profoundly disturbed 
intracardiac anatomy. Among the pts. with SAS, a wide 
spectrum of often complex cardiovascular malformations 
were found. In any single type of cardiac malformatior 
more than one type of SAS could be evident. However, c 
tain associations became evident: CVM was most common 
pts. with aortic arch interruptions and aortic atresia 
with normal left ventricle. In pts. with coarctation S 
drome, CVM, MV, and CT were identified in similar fre- 
quency. BVF was most common in the pt. with transposi- 
tion, primitive ventricle, and outlet chamber. MV and 
were most commonly identified as responsible for SAS ir 
those pts. with endocardial cushion defect, with or wit 
out heterotaxia. In summary, SAS can result from a var 
ety of mechanisms, and in the young infant, significant 
SAS is usually just part of severely distorted cardiac 
anatomy. Appreciation of these morphologic variations 


necessary to the medical and surgical management of the 
often desperately ill patients. CASS 
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. ARTERY ANATOMY IN TRUNCUS ARTERIOSUS COMMUNIS AND 

. TRANSPOSITION OF THE GREAT ARTERIES R 

. Kenneth R. Anderson, MB,ChB, FRCPA; Dwight C. McGoon, MD, 
RACES ae T5144, MD FACC, Mayo Clinic, Rochester, Minn. 
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. VARIATIONS AND SURGICAL SIGNIFICANCE OF THE CORONARY - 


. In truncus arteriosus communis (TAC), D-transposition 
|. (DTP), L-transposition (LTP) and other anomalies of cono- 
-truncal development, the coronary artery anatomy differs 


i : 






from that in the normal heart. Although a number of pre- 
_ dictable patterns of coronary artery anatomy have been 


I" 
+ 


[es are not uncommon, That these misplaced coronary 


| arteries could be injured was demonstrated in 13 (10.82) 
< of-120 cases of TAC, DTP and LTP coming to autopsy after 
- corrective surgery. These cases included 2 of 30 TAC, 
-7.of 80 DTP and 4 of 10 LTP. In DTP, the injury was more 
| frequently associated with a coronary artery pattern at 


` red more frequently in patients who had repairs requiring 


; a conduit prosthesis than in those who had a Mustard type 
procedure. In LTP, the injury occurred often when the 











longer distance alongside the right atrial appendage, and 
hus in greater danger of being included inadvertently in 
suture-closure of the right atriotomy. Greater awareness 


of these potential hazards and preoperative identification 
of the distribution of the coronary arteries should avoid | 


injuries to these vessels during corrective surgical pro- 
E for this group of conotruncal malformations. 
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NGENITAL AORTIC STENOSIS WITEOUT COMMISSURAL FUSION DUE 
O THE DYSPLASTIC BICUSPID VALVE 

Melvin D. Cheitlin, MD, FACC, John J. Fenoglio, MD, Hugh 

A. McAllister, MD, FACC, Carlos M. deCastro, MD, FACC. 
ames E. Davia, MD, FACC, Armed Forces Institute of Fath- 

ology, Washington, DC 


It is generally assumed that aortic stenosis (AS) with bi- 
cuspi  &Ortic valve (BAV) requires commissural fusion. 
Nine patients with the clinical history of aortic steno- 
sis were reviewed: l had AS by catheterization; 2 had AS 
at surgery without prior catheterization; 3 had the mur- 
mur of AS, congestive heart failure without other explan- 
tion, and left ventricular hypertrophy at autopsy. Six 
were males ond 3 females, ranging in age from 1 month to 

9 years (average age 4.6 years). All had BAV without 
commissural fusion. The valve leaflets were thickened, 

ed, and redundant, and microscopically consistent with 
dysplastic or incompletely differentiated valves. Three 
had dysplastic changes also in the mitral valve. In an 
age matched group of 20 children with normally different- 
'd, thin BAV, there was no clinical or pathologic evi- 
nce of AS. Aortic obstruction in patients with congen- 
bal AS is secondary to the dysplastic, thickened, redund- 
valve leaflets in the absence of commissural fusion. 


se valves are not amenable to valvotomy, and this may 
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one reason for the occasional poor results of aortic 
lvotomy for valvular AS in children and especially in 
fants . ^ á 
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| discribed for TAC, DTP and LTP, variations from these pat- 


iriance to that usually encountered. Also, injury occur- 


coronary artery anatomy was that usually seen in this con- 
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NEW USES FOR THE EXTERNALLY CONTROLLED RADIO-FREQUENCY 
PACEMAKER (5 

Christopher Wyndham, MD; MooideenMeeran, MD; Pablo Denes, 
MD, FACC; Delon Wu, MD, FACC; Kenneth Rosen, MD, FACC, 
University of Illinois, Chicago, Illinois. 

Reported utilization of the externally controlled radio- 
frequency pacemaker (RFP) has been limited to Self ini- 
tiated conversion of reentrant paroxmsyal supraventric- 
ular tachycardías. In this study we report two new uses 
of the RFP. Patient (pt) one, a 54 year old male had in- 
capacitating idiopathic recurrent paroxysmal atrial flut- 
ter (PAFL) with an average of 10 episodes a week. PAFL 
was resistant to multiple drugs, necessitating multiple 
cardioversions and premature retirement. Electrophysio- 
logical study (EPS) revealed that PAFL was readily in- 
duced with atrial pacing at rates of 375-400/min and con- 
verted to sinus rhythm with AP at rates of 400-460/min. 
RFP (420/min) with right atrial epicardial leads has been 
successfully utilized for conversion of PAFL up to 5 
times daily for a period of 9 months. The pt has returned 
to full employment. 

The second pt was a 49 year old male with idiopathic re- 
current paroxysmal ventricular tachycardia (PVT). PVT was 
refractory to antiarrhythmic drug therapy and required 
multiple cardioversions over a 2 year period. EPS re- 
vealed reproducible PVT induction at ventricular pacing 
rates of 140/min and termination of VT at ventricular 
paced rates of 250-280/min (1-2 sec bursts). With over 
100 ventricular pacing conversion, no ventricular fibril- 
lation occurred. RFP with a right ventricular endocardial 
electrode has been used successfully for 5 consecutive 
medically supervised conversionsover a 5 month period. In 
summary, RFP can be used for conversion of recurrent PAFL 
and recurrent PVT in selected pts. The ability to repli- 
cate the arrhythmia with EPS appears necessary for ade- 


quate testing of pacing conversion before implantation of 
a permanent RFP system. 


PHANTOM PACEMAKER PROGRAMMING 

Arnold Fieldman, MD, FACC; Robert J. Dobrow, MD; Arnold 

M. Katz, MD, Hartford Hospital, Hartford end The Univer- 
sity of Connecticut School of Medicine, Farmington, CT. 


The physician who manages patients through blind program- 
ming with programmable pacemakers should be alerted to 
the fact that he or she may have an unwelcome phantom 
accomplice, In a pacemaker follow-up service experience 
that includes 95 patients with Omni-stanicor generators, 
and encompasses over 05 patient years, 8 episodes of 
spurious "phantom" programming occurred in 6 patients. 
Three incidents occurred during magnet &pplication for 
conversion t5 the &synchronous mode, and resulted in out- 
put and rate chenges. Five occurred during the program- 
ming process itself and produced rates other than those 
set on the programmer. All of these findings were docu- 
mented by ECG or oscilloscopic displays of pacemaker pul- 
ses. These data serve as an indictment of blind program- 
ming. Telephonic transmission with magnet application 
presents & particular potential hazard. Oscilloscopic 
monitoring during programming and magnet application will 
alert the physician to these problems and allow their 
prompt correction. At the very least, a long ECG strip 
should be taken to verify rate and constant faithful cap- 
ture after programming of, or magnet application to, an 
Omnicor generator. 
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SERIAL ELECTROPHYSIOLOGIC-PHARMACOLOGIC TESTING FOR 
CONTROL OF RECURRENT TACHYARRHYTHMIAS IN 38 PATIENTS 


John D. Fisher, M.D., Rahul Mehra, Ph.D., Seymour Furman, 
M.D., F.A.C.C., Doris J.W. Escher, M.D., F.A.C.C. and 


. Howard Cohen, M.D. 
Montefiore Hospital and Medical Center, Bronx, New York 


To control refractory tachycardias (T), 19 patients: 
(pts) with ventricular (V) T, and 19 pts with supra- 
ventricular (SV) T were referred for the following 
protocol: T was duplicated and terminated by pacer 

- technics such as programmed extrasystoles (PES) and 
bursts of rapid pacing (BRP). Initiation of T was then 
attempted after administration of drugs, and/or during 
pacing at physiologic rates, often repeatedly over 
several days, until (1) a combination was found which 
prevented initiation of T, and/or (2) a pacer mode was 
found which reliably terminated the T. Pt acceptance 
was good, as Ts were terminated by PES/BRP, making DC 
cardioversion infrequent. Results are summarized: 


SVT pts 
18/19(95% 


16/17(94%) 18/18(100%) 





Prevention or improved control of 
T (up to 24 mos. follow-up) 


- Drugs Only 10 12 

- Pacer and Drugs 6 3 

Permanent Pacer for T termination 2 6 

- Ordinary Rates 0 4 

- - BRP (eustom pacers) 2 2 


Effective therapy was not related to underlying 
disease or number of spontaneous extrasystoles. Use of 
this protocol provided improved control of T, avoided 
repeated admissions and referral for surgical treatment; 
and eliminated prolonged hospitalization for assessment 
of therapy in pts with infrequent spontaneous T3 


PERFORMANCE STANDARDS FOR IMPLANTABLE CARDIAC PACEMAKERS 
Seymour Furman MD, FACC; Richard Whitman MA 
Montefiore Hospital and Medical Center, 111 East 210 St., 
Bronx, New York 10467 

The availability of computer data storage and actuarial 
analysis of the follow-up of large numbers of implantable 
pacemakers allows comparison between models manufactured 
simultaneously and at different times and the establish- 
ment of performance standards for implantable devices. 
As operational reliability is the single most important 
characteristic, fifty-eight pulse generator models of 
twelve manufacturers, implanted on the same service since 
1969, a total of 2078 units, were analyzed and compared. 
Four categories based on the implant cumulative survival 
rates as a function of time were established. 

Percent of Survival (months 


12-15 18-21 24-27 Number of Models 
Excellent 100 100 100 12 
Good 100 >90 >80 5 
Fair >90 >75 >50 10 
Poor <90 <75 <50 31 


Manufacturing quality differences were apparent. Of 
the twelve models meeting the excellent criterion five 
were from one manufacturer. Even at this early time 
changes in reliability caused by hermetically sealed units 
with solid state batteries allowed four additional models 
to reach 100% function at 18-21 months, but have not yet 
reached 24-27 months. Two of the excellent models are 
nuclear, the other ten were manufactured as early as 1972. 
The majority of units, 31 of 58 fell into the poor category 
Some were manufactured as early as 1969, others are 
presently manufactured. The information in this analysis 


4-7 


~ demonstrates the importance of an adequate data base and 
analysis to allow proper selection of all implantable 
devices. 
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HYPOCHOLESTEROLEMIC EFFECT OF ALFALFA ROOT SAPONINS 
IN MONKEYS Phase 


M. René Malinow, MD, Phyllis McLaughlin, BA, zn 
George 0. Kohler, PhD, and A. Lyle Livingston, BA. TM 
Oregon Regional Primate Research Center, Beaverton, E 
Oregon 97005. mc 
Monkeys (M. fascicularis) were fed a high butter, high rae A 
cholesterol (34 mg cholesterol/Kcal) semipurified ies 
diet, with and without 1% alfalfa root saponins (ARS). v EE 
Plasma cholesterol (PC) levels before the diet were ^ 
147 + 6 (N-5) and 154 + 10 (N-5) mg/dl (mean + SE) in - E 
the controls (cont) and ARS-fed animals, respectively. ^ 
After two weeks of the diet, their PC was 203 + 10. EARUM 
(cont) and 140 + 14 (ARS) (p "t" test < 0.01), thus 
demonstrating that ARS prevent the elevation of M ign $4 
cholesterolemia associated with ingestion of a ja: 
butter-cholesterol diet. The mechanism of the hypo- Rok 
cholesterolemic effect of ARS was studied in rats  — và 
injected i.v. with 3u-C and receiving l^C-C intragas- ^. 
trically. In rats receiving ARS, the l4C/JH ratio dH P 
plasma unsaponifiable was lower (p < 0.001) and the ~~ or 
fecal l^óC-sterol excretion was correspondingly higher A 
(p < 0.001) than in controls. These results suggest hy 
that interference with the intestinal absorption of ey 
cholesterol is involved in the hypocholesterolemic Bott 
effect of ARS in monkeys. Since saponins bind choles- ^ 
terol and are not absorbed from the GI tract in mammals, 
they may be useful in treating hypercholesterolemia in i 
man. A SS 
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ACCELERATED VASCULAR DISEASE - THE ERYSICTHON SYNDROME © . 
DUE TO DIETARY INDUCED HYPERLIPIDEMIA ras 
David T. Nash, M.D., F.A.C.C.; Thomas Arno, B.S.; l 
Goffredo G. Gensini, M.D., F.A.C.C.; Stephen D. Nash, Tee 
Upstate Medical Center, Syracuse, New York i 
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Paired Coronary cineangiograms (CA) in 119 patients (PTS) . 
with proven coronary artery disease (CAD) were compared. . 
Progression (P) was defined as an increase in the percent 
of obstruction from 0% to 50%, 50% to 75%, 75% to 90%, 
90% to 99%, or 99% to complete occlusion. P occured in. 
106 PTS (89%) average age 50.9 years. Interval between 
CA was 20.9 months. Non progression (NP) was seen in 13  . 
PTS (11%), average age 50.3 years with 21.3 month inter- 23 
val between CA. 

mg. % or less, elevated C as 250 mg. % or above. Ideal . 
triglycerides (T) were defined as 100 mg. % or less, ` ` 
elevated T 150 mg. % or higher. Only one of 106 PTS with 
P had ideal levels of C and T. Three of 13 PTS with NP. .. 
had ideal lipid values for C. and T. P=.005. Fifty- Hi 
four of 106 PTS with P had elevated C. None of 13 PTS 
with NP had elevated C. P=.005. Saphenous vein bypass 
surgery had been performed in 46 of 106 PTS with P. P 
occurred distally in the same vessel as surgery in 23 of 3 
106 PTS and in 22 of 106 PTS in a non operated vessel. . 
There is no significant difference. Surgery had been s 
performed in 4 of 13 NP PTS. Hypertension was present in . 
39 of 98 PTS with P and 1 of 13 PTS with NP. P=.025. e 
Ideal lipid values and normotension appear to protect. «dn 
established CAD from P. Previous surgery did not appear 4 
to account for the differences observed. a 


Ideal cholesterol (C) was defined as 200 - 
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IN PATIENTS 
HOLESTEROLEMIA 


il Ti Helsinki 29; EGTAIR 
o cs p. a," | . | 

E" o Seri: postoperative petites on 25 patient with” 

> xan omatotic familial type II hypercholesterolemia 
followed. up to 8 years after the ileal by-pass revealed 


Me three cardiovascular deaths (1/2, 3 and 5 years post- 
D era ively) and a sustained 31-367 reduction in serum 
; ea terol, This was associated with a permanent increase 
GM about 2 | g/day) in fecal elimination of cholesterol ex- 
i54 isively as bile acids. Cholestyramine (32 g/day) admin- 
| istered preoperatively to patients increased fecal elim- 
25  ination of cholesterol (1 g/day) and decreased serum chol- 
x esterol (-17%) clearly less effectively than the subse- 
x ileal by-pass. Though the increase of fecal steroids 
s s significantly correlated with the decrease of serum 
$ holesterol, the latter caused by cholestyramine could not 
be usi | as a significant predictive parameter for the se- 
i$ m cholesterol decrease after the subsequent ileal by- 
P js. Adc itional cholestyramine treatment of the patients 
with ileal exclusion further increased fecal elimination 
(cef lesterol as bile acids and neutral sterols by about 
Petr f urther decreased serum cholesterol by 19% and 
rec SI eichntly fecal mass. Thus, ileal by-pass is 
ipiam “cholestyramine in the treatment of hyperchol- 
Sienia, ileal exclusion-induced decrease of serum 


sterol response to the preceding cholestyramine 

nt and cholestyramine given to patients with ileal 
pass further decreases serum cholesterol and has a 

sor effect on possible diarrhea. 
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-DISTA Al . ENDARTERECTOMY : ITS ROLE IN CORONARY ARTERY 
 BYPA | SURGERY ~ 
(OM bert J. Keon, MD, FACC; Gerald M. FitzGibbon, MD, FACC; 
M erre Bédard, MD, FACC; Maurice P. Brais, MD, University 
“ ja Cardiac Unit, Ottawa Civic Hospital, Ottawa, 
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1410 pat ients who have undergone coronary artery bypass 
ur gery in our unit 362 have had a total of 402 endarter- 
me iit n conjunction with grafts on vessels otherwise 

for grafting. The operative mortality on emer- 
odes was 7.5% (3) with a late mortality of 10% (4). 

; Ka Paid cases the operative mortality was 3% (10), 
wh spits mortality 1.9% (6) and late mortality was 7.5% 
- (24). Pre-operative angiography demonstrated that of the 
40 02 e Sar terockomized vessels 55.9% (225) were occluded 
jj Ar 34.3% (138) were 75% stenosed. The remaining were 
AT “than 75% stenosed. Angiography 4 weeks to 1 vear 
x -operatively, available on 118 of the patients, 

) a rated that 17% (20) of the endarterectomized ves- 
Is became occluded, 6.7% (8) became partially stenosed 
and 73% (90) remained free of stenosis. Vessels occluded 
JSt- “operatively had a mean intraoperative flow of 53.6 
a Aun partially stenosed 74 cc's and those totally 
- patent 70.3 cc's. One hundred and sixty-five patients 
e pops post-operatively for symptomatic relief of 
. ang ina. Fifteen percent (25) remained the same, 1.8% (3) 
w rsened. and 83.2% (137) improved. Of those 137 103 were 
‘in angina class 1, 31 in class 2 and 3 in class 3. The 
. technique. ie distal endarterectomy and bypass grafting 
increases © the scope of revascularization surgery because 
pst enables grafting to be done on otherwise inoperable 
a tion of coronary blood flow. The refinement and use of. 
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poe of side effects (primarily diarrheal bouts), | 


puo and location of infarction. We conclude 


essels. We can achieve consistently worthwhile augment- 
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VISUALIZATION OF CARDIAC AND VASCULAR STRUCTURES IN MAN 
USING COMPUTERIZED TOMOGRAPHY 

Diana Guthaner,M.D., Lewis Wexler,M.D. FACC, Richard Brei- 
man,M.D., William Marshall ,M.D., and George Harell, M.D. 
Diviaton of Diagnostic Radiology, Stanford University - 
Medical School, Stanford, California 


- Application of the technique of computerized tomography 


(CT) to visualization of the cardiac chambers znd associa- 
ted vascular structures has been hampered by impaired def- 
inition due to cardiac motion and streak artifacts result- 
ing from objects of high CT number (e.g., calcium, cathe- 
ters and valve prostheses). However, CT scanning permits 
resolution of objects with less than 0.5% difference in 
x-ray linear attenuation coefficients, variations too 
subtle to be appreciated by more conventional techniques. 


Using a rapid, 3rd generation CT scanner, high quality 
images of the cardiac chambers, aorta, pulmonary arteries 
and veins, coronary sinus and vena cava have been achieved 
in live animals and patients with various cardiac prob- 
lems. Respirations are suspended during the 6 seconds 
required to complete a single scan. Sequential opacifica- 
tion ef the cardiac chambers using a bolus injectioa of 
contrast medium, and the identification of intracardiac 
catheters, pericardial effusions, calcified and prosthetic 
valves have been accomplished. Separation of systolic i 
from diastolic images has been attempted using summation 
of retrogated images obtained during the same sections of 
the cardiac cycle occurring over two 6 second scan cycles. 


These successful initial attempts at CT imaging of cardiac 
Structures in man are very encouraging and indicate its 
potential usefulness as a new modality for defining the 
anatomy of cardiac structures. 


FOLLOW-UP 99Tc PYROPHOSPHATE MYOCARDIAL SCINTIGRAMS IN 
ACUTE MYOCARDIAL INFARCTION 

Harold G. Olson, MD; Kenneth P. AUS MD; Wilbert S. . | 
Aronow, MD, FACC; W. T. Brown, MD; Robert Greenfield, MD, 
University of California, Irvine. 


We evaluated follow-up (FU) 99Tc pyrophosphate (TcP) 
myocardial scans in 68 patients (pts) with acute myo- 
cardial infarction (AMI). Fifty-two pts with transmural 
AMI and 16 pts with subendocardial AMI had myocardial 
scans 3.211.2 days after AMI. Nineteen of the 68 pts 
(28%) had scans prior to discharge, 12.6+2.8 days after 
AMI. All 68 pts had FU scans on an ambulatory basis 
15.936,8 weeks after AMI and were clinically stable be- 
tween discharge and FU. Sixty-eight of 68 pts (100%) had 
positive (P) scans during AMI, 11 of 19 pts (58%) had P 
scans at discharge, and 39 of 68 pts (57%) had P scans at 
FU. At FU, 61 of 68 pts ie had negative (N) or im- 
proved scans, of 68 pts (6%) had unchanged scans, and 
3 of 6B pts (5%) had worse scans. Of the 8 pts with N 
scans at discharge, 7 (88%) had N scans at FU. Of the 11 
pts with P scans at discharge, 10 (91%) had P scans at 
FU. At FU, 9 of 10 asymptomatic pts (90%) and 20 of 58 
symptomatic pts (34%) had N scans (P<O.005), At FU, 2h 
of 33 pts with heart failure or Class III angina (73%) 
and 15 of 35 pts without heart failure or with Class II 
angina (43%) had P scans (P-0.05). A persistent abnor- 
mal scan at FU was not significantly correlated with 
time o? FU scan, presence of transmural versus subendp- ii 
cardial infarction, presence of first versus multiple 
pts with prior AMI may have an abnormal scan at Fus 
2j discharge Scans predict well a P orN FU scan, 


. 3) symptomatic pts with previous AMI are more likely to t 
. have a P scan at FU, and lj) a single poeren Fait, a 
pe be interpretea garan. in pisia reviou AT., 
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." siderably larger than 
.. suggests that without the limitations imposed by ventri- 

cular geometry 
ds | extent and location of gross pathologic MI. 


-. THALLIUM 201 AND GATED CARDIAC BLOOD POOL SCANS IN 


PATIENTS WITH ISCHEMIC AND IDIOPATHIC CONGESTIVE CARDIO- 


` MYOPATHY: A CLINICAL AND PATHOLOGIC STUDY 


Bernadine H. Bulkley, MD, Grover M. Hutchins, MD, Ian 


Bailey, MD, H. William Strauss, MD, and Bertram "itt, MD, 
. The Johns Hopkins Medical Institutions, Baltimore, Maryland 


In ischemic cardiomyopathy (CM) fibrosis replaces large 
segments of myocardium; in idiopathic congestive CM myo- 


cardium contajns small foci of fibrosis or is morphologi- 


cally normal. As coronary disease and myocardial infarc- 
tion may be clinically silent, it is not always possible 


-to clinically distinguish ischemic from idiopathic conges- 


tive CM without cardiac catheterization. To devermine 


^ whether Thallium 201 myocardial (T1) imaging and Tecmetiun 


99m gated cardiac blood pool scans (GCBPS) could separate 
them, we evaluated radioisotope images of the heart in 35 
patients whose diagnosis had been established by cardiac 
catheterization including 13 patients (pts) with ischemic 
CM, 8 pts with idiopathic congestive CM, and 14 pts with 
normal hearts. The 14 normals could be readily distin- 
guished from both types of CM, and ischemic could be dis- 
tinguished from idiopathic dilated CM in 20 of 21 pts. 

All pts with myocardiopathy showed hypokinetic and dilated 
left ventricles, but right ventricular dilatation was 
evident mainly in those with idiopathic CM. T1 images in 
the ischemic type had defects of >40% of image circum- 
ference which corresponded to segmental wall motion ab- 
normalities on GCBPS, whereas those with the idiopathic 
congestive form were homogeneous or had defects of <20% of 
image circumference. Seven of the 35 pts came to autopsy 
and gross and histologic examination of their hearts demon- 
strated good correlation between T] defects of >20% of 
circumference and transmural myocardial fibrosis. Thus, 
these noninvasive methods appear sensitive enough to dis- 
tinguish ischemic from idiopathic congestive CM. 


COMPARATIVE ASSESSMENT OF INFARCT SIZE WITH QUANTITATIVE 
THALLIUM-201 AND TECHNETIUM-99m PYROPHOSPHATE DUAL 
MYOCARDIAL IMAGING IN THE DOG. 

Barry L. Zaret, M.D., F.A.C.C., Robert C. Lange, Ph.D., 
John C. Lee, Ph.D., Yale University School of Medicine, 
New Haven, CT. 

Quantitative dual myocardial imaging with both thal- 
lium-201 (^"-T1) and technetium-99m pyrophosphate (PYP) 
was sequentially performed in dogs 24 hours following 
closed chest embolic anterior wall myocardial infarction 
(MI). Quantitative imaging data were compared to tetra- 
zolium red dehydrogenase stain pathologic estimates of MI 
size. A large field of view scintillation camera inter- 
faced to a dedicated computer was used for all 22 dogs 
studied. Pathologically, MI size ranged from 2.3 to 31.1 
g and involved from 5.0 to 25.25 of the left ventricular 
(LV) mass. Computer processed Tl image defects corre- 
lated with LV % infarct (lateral position r = 0.73, left 
anterior oblique r = 0.68). PYP defect correlation with 
MI size was somewhat better (r = 0.77). PYP defects in 
either view were howevep (one isteugly, and significantly 
(p « 0.01) larger than olti, 

In 6 dogs, following in vivo dual imaging, 5 mm thick 
transverse LV slices (n = 23) obtained from the excised 
hearts were imaged; and the data compared to pathologic 
ZMI in each sliegqi In the slices, in which LV geometry is 
not a factor, 4 Tl defect correlated well with patho- 
logic ZMI (r = 0.93) while %PYP defect correlated less 
well (r = 0.70). PYP jgfects were again significantly 
larger than seen with Tl imaging (p « 0.025). 

Thus in Tapjären anterior MI, MI size can be estimated 

-with PYP or Tl imagspe- However, PYP defects are con- 
Tl. Imaging of removed LV slices 


Tl can more precisely define the exact 
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CARDIAC OUTPUT IN INFANTS AND CHILDREN BY THERMODILUTION: 
ACCURACY AND REPRODUCIBILITY. Michael D. Freed, M.D., — "UM 
Children's Hospital Medical Center, Boston, Massachusetts A 
This study was undertaken to determine the accuracy and 
reproducibility of cardiac output (CO) measurements in ins s 
fants and children by Thermodilution (CO-T) using a newly  — 
developed 5F four lumen balloon catheter. This catheter, Ed 
manufactured by I.L., Inc., has an end-hole for measuring 
pulmonary artery (PA) or pulmonary wedge (PW) pressures, Blass 
balloon for floating the catheter to the PA, a thermistor _ 
for measuring CO, and an injectate site located 15cm from 


the tip which can also be used for monitoring RA pressure. 
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The thermistor is attached to a small computer which plots - 
the temperature curve and gives a digital read out of CO. 
i ROPA. 
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Tventy-two patients without intracardiac shunts ranging in - 
age from 8-63 months (mean 26) and weighing 8-21 kg (mean © 


12) had simultaneous CO determinations by Fick (CO-F) and. | 


CO-T during cardiac catheterization. CO-F was calculated 
from measured oxygen consumption (Kipp diaferometer) and | 
blood sampled from the PA and femoral artery. During the 


air collection the CO-T was determined 3-9 times in succ 


cession by injecting 3mls iced D5W in the RA while the. yal 
thermistor was in the PA. , EY XU 
` ) DW 
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There was excellent correlation between the mean CO-T and 
CO-F (y=1.13x-0.28, r-0.90, SE=0.22, p€40.001). In 11/22 s. 
pts, CO-T and CO-F varied by less than 10% and in none ~ 
differed by more than 25%. Values of CO-T were reproduc= 
able in each pt with an average SD of 5$. CO-T is an ac- ER 
curate and reproducable measure of CO valuable in the care | 
of the critically ill infants, especially after cardiac  . 
surgery. Its advantages are the ease and safety of serial . 
measurements and the ability to measure PW, PA, RÀ Uy Coe 
pressures with tlie same catheter. | 


CARDIAC OUTPUT DETERMINATION BY RADIONUCLIDE ANGIOGRAPHY — 
IN PATIENTS WITH CONGENITAL HEART DISEASE. Marlene Rabino- - 
vitch MD, Amnon Rosenthal MD, Donald S. Ahnberg BS, Alex- — 
ander S. Nadas MD, Salvador Treves MD. Departments of Be | 
Cardiology and Radiology, Children's Hospital Medical Cen- — 
ter, Boston, !lassachusetts. ay AA 
The accuracy of cardiac output (CO) determinations by v. 
radionuclide angiography (RAC) using technetium-99m Human E. 
Serum Albumin was evaluated in 17 patients (pts) with con- | 
genital heart disease, ranging in age from 1-36 years ty 
(yrs) (median=11) and body surface area 0.4-1.9 M2 (median . 
-1.2). Isolated aortic or pulmonary valve disease was B 
present in 13 pts, primary myocardial disease in 2 and ‘ 
atrial septal defect in 2. RAC-CO was performed simultane- 
ously with measurement of CO by Fick during diagnostic r$ 
cardiac catheterization. Blood volume was measured using | 
I-125 labelled albumin. Fick-CO was calculated using mea- — 
sured oxygen consumption and blood samples from pulmonary — 
and femoral artery. In pts with left to right (L-R) 
shunt, an additional sample was obtained from the superior 
vena cava. RAC-CO was measured by injection of nuclide ~ . 
tracer in the systemic vein and recording the time activ- - 
ity curve over the left ventricle. In pts with L-R shunt, | 
time activity curve was obtained over the lung. The pul- i 
monary curve was extrapolated and divided by systemic to " 
pulmonary flow ratio (Circ:47,1049). l ee 
Systemic Co ranged from 2,2-10 L/min ky Fick and 1.6-11 
L/min by RAC. There was an excellent correlation between . 
CO by Fick and RAC (r=.92; Fick CO =.754 x RAC CO * 1.15; — 
SEM + .85). During isometric exercise in 2 pts Fick-CO in- 
creased from 8.1 to 14.8 L/min and RAC-CO from 9 to l4.l 
L/min. In conclusion RAC-CO correlates well with Fick-CO — 
and is a safe and relatively noninvasive method which may — 
be applied during rest or stress, in ambulatory pts and _ 4 
those in the intensive care unit. es Se 
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Joan ortaga ROMS, Sd Mar; M. D., Samuel Kaplan, 

i M.D., FACC, University of Cincinnati, Cincinnati, Ohio. 

| NON-INVASIVE ASSESSMENT OF RIGHT VENTRICULAR PERFORMANCE 

.. IN TRANSPOSITION | OF THE GREAT ARTERIES. 

a Concern has been expressed about long term perfor- 
mance | of the right ventricle (RV) in patients with trans- 
position of the great arteries (TGA) following Mustard's 

- operation. The purpose of this Study was to evaluate 
. echocardiographical ly the alterations of the pre-ejection 
. period and ventricular ejection time of the right (RPEP 
and RVET) and left (LPEP and LVET) ventricles in these 
patients compared to normals. Two groups of patients were 
F ‘Studied: normal (45) and TGA (38). The TGA group was di- 
„vided into simple (TGA-S) (Post-Rashkind, Blalock-Hanlon, 
Mustard) and complex (VSD, PA band, pulmonic stenosis, 
. Blalock Taussig) (TGA-C). All measurements were in msec. 
- The RPEP in TGA-S and TGA-C were 87 +17 and 80 + 16. The 
C RVET in TGA-S and TGA-C were 213 *35 and 187 *26. The 
-LPEP in TGA-S and TGA-C were 60 +12 and 57 +14. The LVET 
- TGA-S and TGA-C were 248 +46 and 225 +24. The mean inter- 
<- Val between the Q wave and aortic and pulmonic valve clo- 
sures (QAc-QPc) was 13 +10 in TGA-S and 22 +13 in TGA-C. 
. These above values were not significantly altered by the 
= phase of respiration. The mean heart rate in TGA was not 
- significantly different from normals. The RPEP in TGA was 
= significantly higher than the mean LPEP (34) of normals, 
whereas the RVET in TGA was not significantly different 
> than LVET (186) in normals. In contrast the RPEP (66) in 
- normals was not significantly different from LPEP (60) in 
TGA; however, the RVET (275) in normals was greater than 
LET in TGA. These findings may suggest that the RV in 
TGA cannot handle systemic resistance as well as the LV. 
In. addition, the narrow interval between QAc and QPc may 
. explain the single second heart sound in TGA-S. Thus this 
_ technique provides a better understanding of the right 
g ventricular performance in patients with TGA. 
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vA ASSESSMENT OF DUCTAL SHUNTING IN THE NEONATE. Jay M. 
f ilstein, MD, Thomas A. Riemenschneider, MD,FACC, and 

yd W. Goetzman, MD,PhD, Divisions of Cardiology and 
i ona tology , Department of Pediatrics, UC Davis- 


acramento Medical Center, Sacramento, California. 

Shunt evaluation in neonates with patent ductus arter- 
_ iosus (PDA) and L-R shunting or persistent transitional 
circulation (PTC) and R-L shunting has involved invasive 
ses which are hazardous to the newborn or non- 
_ invasive procedures which may be inconclusive. This 

Study describes our experience with the time necessary 
Lor the aortic diastolic pressure in ductal shunts to 
fall to half its initial value (t-1/2). The t-1/2 was 
calculated from arterial pressure tracings in 26 neonates 
using a modification of a technique previously described 
for use in patients with aortic regurgitation. Record- 
ings were made via indwelling umbilical or radial artery 
jatheters already in place for blood gas monitoring. 

" Thirteen patients with clinical evidence of L-R shunt- 

‘ing based on physical findings, echocardiograms, cath- 
erization and/or aortograms had a mean t-1/2 of 274*61 
msec (SD). Thirteen patients with no evidence of 
“shunting had a mean t-1/2 of 450+72 msec (SD). Eight 
patients with PTC based on clinical evidence, radial- 
aortic Pa02 gradients, or tolazoline responsive hypox- 
emia, had a mean t-1/2 of 657-140 msec (SD). Eight 
patients had L-R shunting with subsequent surgical, indo- 
methacin induced, or spontaneous closure. Their mean 

-1/2 of 262*69 msec (SD) changed to 428478 msec (SD) 
p ost closure. 

- Calculating the t-1/2 of the diastolic component of the 
aortic pressure curve, obtained during monitoring of sick 
neonates, enables reliable, serial assessment of ductal 
-shunting and may also be useful in differentiating intra- 


m from extracardiac shunting. 
Y, 
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LEFT VENTRICULAR FUNCTION IN CHILDREN WITH VALVAR AORTIC 
STENCSIS. Albert P. Rocchini, M.D., Thomas J. Hougen, M.D., 
John F.Keane,M.D. Department of Cardiology. The Children's 
Hospital Medical Center, Boston, Mass. 


Left ventricular (LV) function was evaluated “in So pts.with 
unoperated isolated valvar aortic stenosis (AS) to deter- 
mine which readily available hemodynamic parameters may be 
useful in assessing various degrees of LV pressure over- 
load in children. Their median age was 12 yr.(2-23). None 
had congestive heart failure. The pts. were grouped accord 
ing to the peak systolic LV to aortic gradient (mmHg): 
Trivial€25, Mild 25-49, Moderate 50-79, and Severe% 80. LV 
end diastolic volume (LVedv), LV mass, ejection fraction 
(EF) and LV end diastolic pressure (LVedp) were determined 
from biplane LV angiograms ad catheterization data. LVedv 
and LV mass were expressed as a percent of normal. 


The table shows the results (mean + sem): 


LVedv LVmass EF LVedp 

N % normal $ mmHg 

Trivial 11 78*3.5 103+7.7 0.72+0.02 6.6+0.9 
Mild 12 84*4.4 122+5.4 0.74+0.02 7.8+0.8 
Moderate 10 76+5.1  122*6.2 0.76+0.02 9.9+1.2 
Severe 17 88+3.7 167+19.0 0.74*0.20 14.4*1.0 


LVedv was reduced in all groups, least in those with severe 
stenosis. LV mass was increased in all, being noted to in- 
crease with increasing severity of obstruction. The mean 


.EF was elevated in all groups regardless of the magnitude 


of the gradient. However, LVedp rose with increasing 
gradient. 


The data indicate that with increasing obstruction, al- 
though EF remains unchanged, LVedv approaches normal and 
there is progressive increase in both LV mass and LVedp. 
Thus, EF alone is a poor indicator of severity. 


LEFT VENTRICULAR FUNCTION IN PATIENTS WITH ACUTE FEBRILE - 
MUCOCUTANEOUS LYMPHNODE SYNDROME (MCLS) OR RELATED . 
CORONARY ARTERITIS 

Soichiro Kitamura, MD; Yasanaru Kawashima, MD; Kanji 
Kawachi, MD; Masaoki Fujino, MD; Takashi Kozuka, MD; 
Tsyoshi Fujita, MD; Hisao Manabe, MD, First Dept. of 
Surgery & Dept. of Radiology, Osaka University Hospital, 
Osaka, Japan 553. 


Abnormalities of left ventricular (LV) function (F) in 
patients (pts) with coronary artery aneurysms (CAA) due 
to MCLS or related disease have not yet been reported. 
Studies of 1l pts who developed typical symptoms of MCLS 
and one pt who sustained myocardial infarction (MI) due 
to multiple CAA 12 years (y) after unknown high-fever 
disease formed the basis of this report. They were 10 
males and 2 females, ranging in age from 0.5 to 26 y (11 
pts with typical MCLS: 0.5-10 y). Documented history and 
electrecardiographic abnormalities compatible with MI 
were present in 3 pts. Two pts (4 and 26 y) underwent 
successful double aortocoronary saphenous vein bypass 
grafting (SVG). Cardiac index, LV end-diastolic pressure, 
end-diastolic volume and ejection fraction (EF) were all 
within normal limits in 6 pts with MCLS but without CAA 
(Group 1). In contrast, 4 of 6 pts with CAA (Group 2) 
showed abnormal LVF, particularly in EF. Two pts in 
Group 2 had mitral regurgitation. Two types of LVF abnor- 
malities were noted; (1) regional contraction abnormality 
due to MI, and (2) diffuse myocardial depression most 
probab_y due to myocarditis as an extension of coronary 
arteritis. Two pts with SVG are doing well, with all 
grafts patent, 2.5 and 1.5 y after surgery. Improvement 
in LVF was demonstrated in 1 and no change in i. This 
study has demonstrated that abnormalities in LVF were 
common in pts with CAA due to MCLS, and that surgical . 
treatment was feasible and significant for selected pts. , 
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MANAGEMENT OF ABSENT PULMONARY VALVE SYNDROME 

William W. Pinsky, MD; Michael R. Nihill, MD, FACC; 
Charles E. Mullins, MD, FACC; Dan G. McNamara, MD, FACC; 
Baylor College of Medicine, Houston, Texas 


The absent pulmonary valve syndrome (APVS) consists 
of 1) the absent valve, 2) ventricular septal defect, 
3) pulmonary annular stenosis, 4) aneurysmal dilatation 
of the main pulmonary artery and of one or both pulmonary 
branches producing 5) compression of the bronchi. Between 
1955 and 1976, 15 Texas Children's Hospital patients(pts) 
have been identified at catheterization with APVS. All 
were symptomatic before 3 months of age, 1l since birth. 
There was a history of cyanosis in each. However, in all 
but one, this was due to respiratory insufficiency rather 
than an intracardiac right-to-left shunt.Pulmonary branch 
stenosis was present in 5, and the left pulmonary artery 
was absent in 1. All pts had air trapping resulting in 
diffuse emphysema of one or both lungs and in 3 of them, 
severe lobar herniation producing mediastinal shift. Five 
neonates had severe respiratory dysfunction, one of whom 
died at 3 days, 2 had intracardiac repair at 4 months but 
died from respiratory insufficiency 3 days and 6 months 
respectively after operation. The other 2 pts responded 
to respiratory therapy and are doing well at 14 months 
and 24 months of age. Of the 10 pts with mild respiratory 
dysfunction, 8 had intracardiac repair between 5 and 15 
years of age without mortality. The other 2 are well on 
medical therapy. 

We feel that treatment of the APVS syndrome in the 
small infant should be directed toward the ventilatory 
insufficiency as well as the heart failure. 

Despite technically good intracardiac repair in the 2 
infants,respiratory insufficiency persisted. Thus we feel 
that operation is inadvisable in the infant. 


THE NATURAL HISTORY OF COMMON (SINGLE) VENTRICLE 
Douglas S. Moodie, MD; Abdul J. Tajik, MD, FACC; Donald 
G. Ritter, MD, FACC, Mayo Clinic and Mayo Foundation, 
Rochester, Minn. 


With the recent development of corrective surgery for 
single or common ventricle, it has become critical to 
define the natural history of this defect. No such study 
has been reported, and our purpose here is to present our 
data on the natural course of this complex congenital 
cardiac defect. We contacted 141 patients. The diagnosis 
had been established in all patients by cardiac catheter- 
ization and selective large-film biplane angiography. The 
patients' current clinical status was evaluated by recent 
examination or via questionnaire to both patient and 
referring physician. Information has been obtained on 122 
patients, 81 males and 41 females. At initial diagnosis 
the patients had ranged in age from 7 days to 38 years 
with a mean of 8.4 years. The mean follow-up period was 

9 years (range 6 months to 15 years). Forty-four patients 
had died. The most common causes of death were dysrhyth- 
mias, congestive heart failure, "pneumonia," and sudden 
death. The 78 patients still living ranged in age from 

9 months to 40 years. Sixty-two patients are clinically 
cyanotic with decreased exercise tolerance, According to 
the NYHA classification, there are 19 patients in func- 
tional Class I, 33 patients in Class II, 24 in Class III, 
and 2 in Class IV. The patients were grouped in the 
following categories: 


Outflow No outflow Alive at 


chamber chamber follow-u "^, Dead 
Pulmonary stenosis 38 25 44 30 
No PS 39 20 34 42 
Total 77 45 78 36 


Surgical correction must be considered for this disease in 


light of its natural history. 
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PRE AND POST EXERCISE SYSTOLIC TIME INTERVALS IN AORTIC 
STENOSIS 
Frederick W. James, M.D., Jia-Yeong Tsay, Ph.D., Samuel 
Kaplan, M.D., FACC, Univ. of Cincinnati, Cincinnati, Ohio 
Progressive or severe aortic stenosis has produced 
significant changes in systolic time intervals (STI) in 
adults. This study was undertaken to measure pre and post 
exercise STI and exercise electrocardiograms (E-ECG) in 
100 normal children (NC) and 41 patients (Pts) with rest- 
ing gradients «30 mm Hg in 10 Pts (A1), 30 to 69 mm Hg 
in 18 (Aj) and >70 mm Hg in 13 (A3) from valvar or 
discrete subvaivar aortic stenosis. Each subject under- 
went a graded bicycle test until one of the following 
endpoints occurred: exhaustion, ST depression >3 mn, fall 
in systolic pressure or cardiac symptoms. STI (electrome- 
chanical systole, QS 2; left ventricular ejection time, ET; 
pre ejection period, PEP and ratios, PEP/ET and ET/QA2 
were adjusted for heart rate and analysis of covariance 
was performed for each measurement among four groups (NC, 
Aj, A2, A3) for Eo and immediate E] periods. The mean 
+ standard deviation measurements(in msec) for each group 
are as follow: Pre (Eo) Post Exercise (E) 
À À 





At Eo, PEP/ET was <NC in each Pt group, p «.01 and <N in 
A2 only during El, p=.025. ET/QA2 was >NC at Eo, p «.01 
and >NC at Ej, p «.02. A positive E-ECG (ST depression 

> 1 mm) occurred in 11 (11%) in NC, 4 (40%) in Al, 11 (612) 
in A2 and 11 (85%) in A3. ET increased (E]) and PEP 
decreased then increased (Eo) with increased frequency of 
ST depression with progressive obstruction. These non- 
invasive tests are useful in detecting progressive or 
severe aortic stenosis in children. 


ECHOCARDIOGRAPHIC DETERMINATION OF THE EFFECTS OF GENERAL 
ANESTHESIA ON LEFT VENTRICULAR PERFORMANCE 

Bessie L. Lendrum, MD, FACC, Daniel E. Adelman, Alphonso 
Wong, MD, lan Carr, MD, Joseph Thornton, MD 

Cook County Hospital, Hektoen Institute, Chicago, 111. 


The effects of two anesthetics on left ventricular (LV) 
performance (f) were studied in 22 children with normal 
hearts, age 8.3+3.8 years (mean and SD). Recent echo- 
cardiographic (echo) and angiocardiographic studies sug- 
gest that the LV ejection phase indices--mean velocity of 
circumferential fiber shortening (Vcf), percent systolic 
shortening of LV diameter (dD), mean ejection rate (SER) 
and ejection fraction (EF)--provide good estimates of LV 
(f). Immediately before minor surgery three echos were 
obtained on each child: in basal state (Con), after pre- 
anesthesia (Pre) with morphine or demerol and atropine or 
scopolamine, and immediately after induction of anesthe- 
sia (Anes) with 22% N20, 23% 02 and Halothane (Group |, 
N=14) or Ethrane (Group !1, N=8). Standard measurements 
on 10 consecutive cardiac cycles were used to calculate 
the indices. Mean and SD are: 


Group | HR dD Vcf : EF SER 
Con 77+20 28+3 -94+.09 544.05 1.79+.30 
Pre 106427 2946 1.18+.28 -58+.10 2.29*.68 
Anes 108427  21*5 .80*.19  .12*.09  1.63*.h2 
Group |! 
Con 77+16  Á 3233  1.03*.17 .60«.06 1.93+.32 
Pre 93418 3047 1.05+.28 — .57*.11 2.02+.49 © 
Anes 98+26 22+6 .76*.20 44+. 09 1.51+.34 


Results under either anesthetic regimen were similar. All - 
indices suggest significant deterioration of LV (f) after 
anesthesia. dD appeared to be the most sensitive, easiest 
to determine and probably least affected by heart rate 
(HR). Echo appears to provide a sensitive non-invasive 
method for evaluating the effect of anesthesia on LV (f). 
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Dei eric AND. MARGE: F ARRHYTHMIAS IN INFANTS AND - 
CHILDREN BY 24-HOUR AMBULATORY ELECTROCARDIOGRAM 

yi Tenn J. Porter, MD; Paul C. Gillette, MD, FACC; Dan 
McNamara, MD, FACC: Section of Cardiology, Department 
ara atrics; Baylor College of Medicine and Texas 
Children's Hospital, Houston, Texas. 


EF A ERA EE e ing E the electrophysiology of ar- 
~ rhythmias (AR) and improved methods of treating them 
/ have stressed the importance of determining the type, 
. frequency and duration of AR. The 24-hour cardioscan 
( CS) has proved to be useful in adults in recording AR 
d eyétuating Conse to drug therapy. 


bos to 24 years of age. In only 2 of the 64 CS, the 
s M ecl ical quality was inadequate for interpretation. Of 
.. the remaining 62 CS, 52 (84%) showed an AR. In 30 of the 
S462 CS (485) an AR was documented which had not been 
_ Observed on the previous routine ECG. Supraventricular 
| or ventricular tachycardia was found on 24 separate CS. 
Of 41 CS revealing potentially life-threatening AR, 11 
= showed an increase in frequency or duration of the AR 
omen sleep, 12 no change, and 18 a decrease. 

. Twenty-six CS were done to determine if an AR was the 
. cause of symptoms. Only 6 pts had symptoms concurrent 
with AR, 8 had symptoms but no AR, and 12 had no symptoms 
. during the CS. A total of 36 CS showed a significant AR 
A DELE A any symptoms during the CS. 
_ Forty-four CS were done to judge the adequacy of medical 
therapy for AR; inadequate therapy was found on the basis 
| of 27 CS (615). One of 3 pts who had evaluation of 
| perma nt pacemakers was found to have a significantly 
unctioning one on the CS but not on routine ECG. 
E hanges in therapy based on the CS resulted in improve- 
ment in 21 pts and partial or no improvement in 7. 
Ode M hr cs is a eeastute and useful means of detect- 
















CONCOMITANT INCREASES IN THE NON-STRESSED LEFT VENTRICULAR 
"CONTRACTILE. STATE AND MUSCLE MASS DURING PRIMARY RIGHT 

| VENTRICULAR PRESSURE OVERLOAD 
" Teiko M. Kamiyama, MD; Thomas A. Reimenschneider, MD, FACC; 
-.P. James Stoll, PhD; Duane DeAmicis; Tedd A. Brandon, BS; 
Antone F. Salel, MD, FACC; Dean T. Mason, MD, FACC; 
, University of California, Davis, California 


“He have observed left ventricular (LV) dysfunction in a 
3 variety of primary clinical disorders of chronic hemodyna- 
mic overload of the right ventricle. To evaluate this 
Kee eaL phenomenon, 13 chronic right ventricular (RV) 
pr 'ssure overloaded canine preparations were produced by 
bso partial banding the pulmonary artery. RV and LV pressure 
) were measured with high-fidelity catheter manometer 

| "before, immediately following, 3 and 6 weeks (wks) follow- 
ing pulmonary stenosis. Right ventricular peak systolic 
| pressure was 75 mmHg after banding. Developed-isovolumic 
= pressure contractile element velocity was calculated 
en en] and Vmax obtained by extrapolation 
ie In addition free wall RV and LV weights 
























Vmax (ML/sec) Weight (gm) 
| RV Low $e RV LV 
px 3.350.2 3.650.3 24:3 5752 
| 5.440.5**  5.3*0.6* 2443 57+2 
Banding  4.8+0.4* 3.8+0.3 S4+3***  7542*** 
s Banding  4.8*0.4* 4.2*0.3*  454+3**  70+2** 





pn , **p*.005, *p<.02 compared to control). 
. These results show thar in maderarte RV hemodynamic over- 
load the contractile state increases in both ventricles, 
more so in the stressed RV than in the non-overloaded LV. 
Po hypertrophy occurs concomitantly in both 

ventricles. These data demonstrate integration of . 

‘compensatory mechanisms occurring in the whole heart in, 
pone right. ventricular DPrespune overload. | 
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THE FLECTROPHYSIOLOGICAL AND MECHANICAL TIME-COURSE AFTER 
GRADED REDUCTION IN CORONARY FLOW AND REPERFUSION 
Iwao Yamaguchi, MD; Avile McCullen; William J. Mandel, MD, 
FACC, Cedars-Sinai Medical Center, Los Angeles, CA 


Limited data is available on the simultaneous effects of 
acute reduction (R) in coronary flow (CF) on electro- 
physiologic (E) and mechanical (M) events in mammalian 
ventricle. This study evaluated the time-course of E-M 
events following graded (50, 75 and 100%) R in CF. Stud- 
ies were performed in 12 open-chest dogs; epicardial 
(epi), midwall (MW) and endocardial (endo) bipolar elec- 
trodes allowed for recording of electrograms (EGM) in 
both ischemic (IZ) and non-ischemic (NIZ) left ventricular 
myocardium. Local M events were recorded utilizing a 
mercurg-in-silastic length gauge. No IZ conduction time 
changes, from the bipolar reference, were observed follow- 
ing 50% and 75% R. Following 100% R, significant conduc- 
tion delay (CD) and EGM prolongation were observed at all 
sites. This occurred as early as 15' after R. The EGM's 
and CD progressively prolonged throughout the 30' occlu- 
sion period. Reperfusion resulted in rapid (2') return 
to control. In contrast, significant changes in systolic 
shortening occurred at 30' after 50% R (£^: 87.543.1%, 
p«0.05); at 10' after 75% R (%A: 88.543.8%, p«0.025) and 
at 2; after 100% (X4: 4.211.1£, p«0.0025); the return to 
controi was inversely related to degree of R in flow. 
Significant shortening was still observed 30' after R. 
These studies demonstrate that (1) short periods of par- 
tial R in CF produce significant M but not E effects and 
(2) marked disparity exists between E and M events during 
reperfusion. 


MYOCARDIAL PERFORMANCE, ELECTROLYTES, AND WATER IN TWO 
MODELS OF INJURY PRODUCED BY METABOLIC BLOCKADE OF 
ISOLATED CONTRACTING RAT MYOCARDIUM 
Michael B. Pine, MD; Oscar H.L. Bing, MD; and Walter H. 
Abelmann, MD, FACC. Departments of Medicine, Harvard 
Medical School and Beth Israel Hospital, Boston” Mass. 
Isometrically contracting rat papillary muscles were 
studied to explore the interrelationship of myocardial 
(M) performance, electrolytes, and water after hypoxia 
(H) and after H plus glycolytic blockade with 10^^M iodo- 
acetate (HIAA). All muscles equilibrated for one hour 
(hr) im oxygenated (09) isotonic Krebs-Henseleit solution. 
H was produced by gassing with nitrogen. Tension (T) de- 
velopment and M water, Nat, and K were measured in seven 
groups (n-8 each) which were studied after equilibration 
(Eq) plus: (a) 1 hr 09, (b) 2 hrs 05, (c) 1 hr H, (d) 
l hr H and 1 hr reoxygenation (reoxy), (e) 1 hr HIAA, 
(f) 2 hrs HIAA, and (g) 1 hr HIAA and 1 hr reoxy with | 
removal of ee In controls (2 hrs 05 after Eq), T was 
3.1404 g /mm? (SEM), Kt 354415 meq/kg dry weight, water 
3.7*t0.1 ml/g dry weight, and the sum of Na* and K 
(Na*K) &48+30 meq/kg. Values were saniey for 1 hr 
contrcls. With H, T fell to 0.4+0.1 g/mm2 and returned 
to 2.3*0.3 g/mm* with reoxy (72% of T after Eq). With 
HIAA, T fell to O after 30 minutes and remained 0 after 
reoxy. Kt was significantly reduced after 1 hr H (243*12 
meq/kg). 1 hr HIAA (196:12 meq/kg) , and 2 hrs PIAA (139+6 © 
meq/kg). With reoxy after H, Kt was not significantly © 
different from controls (363417 meq/kg), while with reoxy 
after HIAA, Kt was not significantly different from 2 hrs 
HIAA (148+16 meq/kg). Neither M water nor NatK were i 
significantly differcat from controls after any of the 
interveations. Thus, both H and HIAA result in loss of 
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COMPARISON OF CHANGES IN TISSUE WATER AND ELECTROLYTES 
AFTER METABOLIC BLOCKADE AND AFTER INHIBITION OF THE 
NA-K EXCHANGE PUMP IN HEART AND KIDNEY SLICES 
Michael B. Pine, MD; Oscar H.L. Bing, MD; and Walter H. 
Abelmann, MD, FACC. Departments of Medicine, Harvard 
Medical School and Beth Israel Hospital, Boston, Mass. 
To determine whether changes in tissue water and 
electrolytes produced by metabolic blockade (MB) can be 
completely explained by inhibition of the Na-K exchange 
pump, slices of guinea pig heart and renal cortex were 
submerged in oxygenated isotonic Krebs-Henseleit solution. 
After 30 minutes' equilibration, MB was produced by gas- 
sing with nitrogen and blocking glycolysis with 1074M 
iodo-acetate, while the Na-K exchange pump was blocked 
with 10-3M ouabain. Tissues were removed from solution 
three hours after each intervention, and Na*, K*, and 
water were measured. MB and ouabain had similar effects 
on K* (meq/kg dry weight, mean+SEM): 


Heart Kidney 
Controls (C; n=14) 243+7 328+9 
MB (n=10) 127+9 130*6 
Ouabain (n=12) 108+7 13645 


In C, myocardial water was 3.6*0.1 ml/g dry weight, and 
the sum of Na* and K* (Na-K) was 783421 meq/kg. These 
values were not significantly altered by MB or by 
ouabain. On the other hand, renal cortical water was 
significantly higher after MB (5.3*0.1 ml/g) than C 
(3.30.1 ml/g), and Na+K was also increased when MB 
(1124430 meq/kg) was compared to C (784515 meq/kg). 
Ouabain did not alter either renal water or Na*K signi- 
ficantly. Thus, in both heart and kidney, inhibition of 
the Na-K exchange pump resulted in significant losses of 
tissue K* without producing tissue edema. These changes 
were similar to electrolyte and water changes after MB 
in heart, but could not account for the increases in 
tissue water and Na*K found in renal cortex after MB. 


REVERSAL OF THE INOTROPIC EFFECTS OF DIGOXIN BY SPECIFIC 
ANTIBODIES IN THE CONSCIOUS DOG 

Hermann Ochs, M.D.; Stephen F. Vatner, M.D.; Thomas W. 
Smith, M.D., FACC; Dept. of Med., Peter Bent Brigham 
Hosp., Harvard Med. School, Boston, MA. 


Digoxin - specific antibodies (DSA) have been shown to 
reverse electrophysiologic digoxin (D) toxicity both ex- 
perimentally and clinically.  Reversal of D - induced ino- 
tropy has not been studied in vivo, however. Accordingly 

D was given (0.02 mg/kg/day i.v. for 6 days) to 5 con- 
scious dogs 3-5 weeks after recovery from instrumentation 
Serum D 

levels plateaued in the steady state at 2.7 + 0.2 ng/ml. 
Two hrs after the last dose, maximum dP/dt was 39 + 3% 
above a concrol value of 2880 + 93 mmHg/sec (p<0.01), LV 
peak systolic pressure was 10 + 2% above a control of 111 
+ 3 mmHg (p<0.05), and heart rate fell from 78 + 2 to 67 

+ 4 beats/min (p«0.02). After discontinuation of D, the 
decay of the inotropic state to baseline was measured. 

Then D was injected to the same 5 dogs for 6 more days 

and DSA were administered. Without DSA dP/dt was unchan- 
ged at 3 hrs after the last dose, but fell 15 + 6% at 10 
hrs, 43 * 9$ at 26 hrs and returned to control by 50 hrs. 
In contrast, after DSA, the increase in dP/dt was reduced 
by 36 + 9% at 3 hrs, 53 + 8% at 10 hrs and was abolished by 
26 hrs. These reductions in dP/dt after DSA were signi- 
ficantly more rapid than were observed without DSA (p<0.02). 
Treatment with nonspecific antibodies did not alter the 
time course of inotropic decay. Thus, DSA reverse the ino- 
tropic effect of D approximately 50$ in 8 hrs and comple- 
tely within 24 hrs. This time course of inotropy rever- 


sal is of potential importance in the clinical use of DSA 
in D-toxic patients 
failure. 
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BETA-HYDROXY FATTY ACID ACCUMULATION DURING FATTY ACID 
OXIDATION BY ISCHEMIC HEART | 


Franklin E. Hull, MD, FACC; James F. Radloff, PhD; Charles — 


C. Sweeley, PhD, Wayne State University, Detroit, Mich. 


Myocardial fatty acid (FA) oxidation is impaired during 
ischemia. 
sured 12-18 carbon beta-hydroxy FA (BHFA), intermediates 
in FA beta-oxidation, accumulated by the isolated rabbit 
heart during ischemic perfusion by the Langendorff tech- 
nique (without recirculation). Aerobic perfusion prompt- 
ed negligible BHFA accumulation. 
0.75 mM palmitate prompted beta-hydroxypalmitate (H-PALM) 


By gas chromatography-mass spectrometry wemea- — 


Ischemic perfusion with . 


accumulation proportional to the coronary effluent lact- = 


ate/pyruvate ratio to a maximum of 18. ug/gm dry wt/10 
min. Omission of exogenous FA precluded BHFA accumula- 
tion. Half-maximal H-PALM accumulation occurred with a  . 
perfusate palmitate/albumin ratio of 1.5. H-PALM accumu- 
lation progressed after 3 min but not beyond 10 min of . 
ischemia. During perfusion with 0.75 mM palmitate-l^C(U) 
ischemia sufficient to depress complete palmitate- C oxi- 
dation by 60% prompted H-PALM accumulation; the maximal  . 
H-PALM accumulation rate wag 15% of the concomitant rate 
of palmitate oxidation to l CO, (80-100 ug/gm dry wt/10 
min). Thin-layer chromatography showed that >50% of the 
H-PALM was esterified to carnitine. Reperfusion for 10 
min depleted accumulated H-PALM by 80%. Ischemic per- . 
fusions with 0.50 mM myristate, 0.33 mM stearate, or 

0.75 mM oleate prompted accumulation of analogous BHFA in 
amounts 40-65% that of H-PALM with palmitate perfusion. . 


H-PALM accumulation during hypoxic perfusion with palmit- | 


ate was comparable to that resulting from ischemia. In. 


conclusion, incomplete oxidation of exogenous FA by the ~ 
ischemic heart causes accumulation of BHFA intermediates— 


some as carnitine esters— which contribute to the in- 


creased cell content of FA and may have significant meta- | 


bolic implications. 


STIMULATION OF ALANINE SYNTHESIS BY ANOXIA IN ISOLATED 
RABBIT MYOCARDIUM. 
Myron B. Peterson, MD, PhD; Heinrich Taegtmeyer, MD; 
Vanaja V. Ragavan, MD; Alan G. Ferguson, MS; Michael 
Lesch, MD, FACC; Peter Bent Brigham Hospital, Boston, MA 


Recent studies suggest that alanine (ala) is an end 
product of anaerobic myocardial metabolism. De novo 

ala synthesis was examined in isolated right ventricular 
papillary muscles (RVPM) to quantitate its relationship 
to myocardial anaerobiosis.  RVPM were incubated in 
Krebs Ringer bicarbonate buffer at different oxygen con- 
centrations (95, 25, 5 and 0%) or pH (6.8, 7.4, 8.9) or 
with different substrates (pyruvate [pyr], glutamate 
[glu], aspartic acid [asp], leucine [leu]). Signifi- 
cantly enhanced ala production was noted with anoxia and 
severe hypoxia (5% 02). Ala release into media was 
linear from 0 to 60 min incubation. Ala synthesis 

could be correlated directly to media [pyr] (2.5 to 10 
mM) but was not affected by pH, glu, leu or asp. En- 
hanced ala production was associated with glu depletion. 
Cycloserine, an inhibitor of ala aminotransferase, pre- 
vented augmented ala accumulation with anoxia suggesting 
de novo ala synthesis from transamination of glu and 
pyr. Altered rates of protein synthesis or degradation 
could not explain these findings, since identical re- 
sults were obtained when protein synthesis was inhibited 
with puromycin (1073 M) and amino acid analysis of myo- 
cardial protein hydrolysates failed to demonstrate high 
prevalence of ala. We conclude: 1) enhanced ala 
production is a sensitive indicator of myocardial oxygen. 
deprivation, and 2) ala synthesis is regulated by intra-- 
cellular pyr through glu-pyr transamination. 
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E ALTERED MITOCHONDRIAL FUNCTION IN NERVE GROWTH FACTOR 

a “INDUCED HYPERTROPHIC CARDIOMYOPATHY 

... Carlos E. Harrison, MD, FACC; Jerry D, Dewey, BS; David 
Ah Witzke, BA; Michael P. Kaye, MD, FACC, Mayo Clinic and 
. Foundation, Rochester, MN. 


Nerve growth factor (NGF) given to puppies or pregnant 
"bitches induces hypertrophy and doubles norepinephrine 
br content of puppy hearts. Ultrastructural studies demon- 
(des rupture of mitochondrial cristae. This study was 
„done to determine if alterations of mitochondrial func- 
tion accompany these structural changes. NGF (150,000 u) 
(was given to puppies during first 5 days of life, litter- 
S mte served as controls. Pregnant bitches received the 
d asi dose 5 days before delivery and offspring were stud- 

o MR Puppies were sacrificed at 1, 3 and 7 months. 
Heart weights of NGF puppies averaged 121 + 7% of con- 
trols. Mitochondria were isolated in 0. 18 M KCl, 10 mM 
"EDTA, 0.5% albumin, pH 7.2 at 10,000 g. Indices of res- 
| piration were characterized polarographically in 0.25 M 
| sucrose, 10 mM Tris, 10 mM PO, at pH 7.4. ADP:0 ratios 
L averaged 3.14 + 0.03 (10 mM glutamate), 1.64 + 0.02 (10 
ae mM succinate, 2.5 pgm rotenone) in all dogs. Glutamate 
_ linked-0) consumption after addition of 250 nM adenosine 
Y diphosphate to 1.0 mgm mitochondrial protein (state 3) at 
E 1, 3, 7 mo. was 116, 87 + 5%, 61 + 4% of control respec- 
_ tively for NGF animals. "Respiratory control indices for 
ES this same group showed a similar trend (124, 93 + 9%, 69 
“+ 5%). When phosphorylation site I is bypassed with suc- 
Ps cinate plus. rotenone, state 3 was 117, 87 + 9%, 72 + 37 
"control at 1, 3, 7 mo., respectively. State 4 resting 
«| respiration was unchanged with glutamate as substrate but 
ie s 3% control at 7 mo. with succinate. These data 
support previous observations regarding rupture of mito- 
B. chondrial cristae induced by NGF. NGF depresses the rate 
M of mitochondrial phosphorylation after 3 months of life. 
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( ASSESSMENT OF A-V CONDUCTION IN AORTIC VALVE DISEASE 

| Howard S. Friedman, MD, FACC; Qamar Zaman, MD, Jacob I. 

| Haft, MD, FACC; Sofia Melendez, MD, From the Veterans Ad- 

Piaget alton Hospital, Bronx, New York and the Department 
A of Medicine, the Mount Sinai School of Medicine, (CUNY), 
New York, New York. 
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vx To determine the frequency of A-V conduction disturbances 
PR aortic valve disease, 25 consecutive patients (age 55+ 
—2 (SE) years) with symptomatic aortic valve disease were 

por by His bundle electrocardiography at time of 
catheterization or within one week of that study and com- 
— pared to a group of catheterized patients with ASHD or 
p mitral valve disease. Patients with aortic valve disease 
. had longer P-R, 222+14 vs 164-7 msec (p<0.01) and longer 
p .H-V, 5142 vs 41-3 msec (p«0.01) than cardiac patients not 
(having t this abnormality. Whereas both patients with se- 
vere (gradient >50 mmHg or valve area >0.7 cm2) aortic 
|». stenosis and severe aortic insufficiency (23+) had pro- 
E longed P-R, in aortic stenosis H-V was prolonged, 5345 
msec (p 0.05), while in aortic insufficiency A-H was pro- 
longed, 177+34 msec (p<0.025). Patients with severe aor- 
SE tic stenosis had longer P-R, 217*11 vs 138+26 msec (p< 
/ 9.01), and longer A-H, 12246 vs 82412 msec (p«0.01), than 
those with mild aortic stenosis. Four patients with 
eure aortic insufficiency due to endocarditis had normal 
S i-V conduction. The presence or absence of valvular cal- 
" cification, ventricular dysfunction or coronary artery 
eer did not significantly influence the pattern of 
e. A-V conduction in these patients. Thus, A-V conduction 
Eo o rhange, are common in symptomatic aortic valve dis- 
ease. With aortic stenosis, the site of delay occurs 
| more frequently below the His deflection, whereas in aor- 
Pow insufficiency it is more Sh above the His de- 
b flection. 









RADIOACTIVE PROPRANOLOL: A MARKER OF MYOCARDIAL CELL 
VIABILITY? Peter R Maroko MD FACC, Derek Maclean MB, 
Massimo Chiariello MD, Michael A Davis DSc, B Leonard 
Holman MD FACC. Dept Med, Harvard Med Sch & Peter B 
Brigham Hosp, Boston MA. 

In the assessment of the evolution of myocardial in- 
farction and its modification by therapy, intense effort 
is currently directed toward the recognition and measure- 
ment of reversibly damaged myocardium. The possibility 
that titriated propranolol (?H-P) might be useful as a 
marker of viable cells was therefore examined by com- 
paring myocardial 3H-P concentrations by injecting ?H-P 
after reperfusion(R) following 15 min, 6 hr and 24 hr co- 
ronary occlusions(occ) when the % of viable cells pro- 
gressively decreases. Occ was performed in 18 anesthetized 
dogs for 15 min(n-5, Group 1), 6 hr(n=8, Group 2) and 24 
hr(n=5, Group 3); following R of 30 min, ?H-P(500uCi) was 
injected into the left atrium(LA). Regional ,uyocardial 
blood flow(RMBF) was determined by 1.6x109$ ??Sr of "Sc 
labeled microspheres(7-10u) injected in LA, before and 30 
min after R. In Group 1 after R, RMBF in the ischemic 
zone(IZ) was 98.2+3.2% of the nonischemic zone(NIZ), and 
*H-P in IZ, 99.9*2.6Z of NIZ, showing that reperfusion 
was total and cell P binding was normal. However, in Group 
2, inspite of good reperfusion (RMBF of IZ was 100.5+3.9% 
of NIZ), *H-P concentration in IZ was only 57.24+2.3% of 
that in the NIZ(p<.001). In Group 3, Sites which did not 
reperfuse well (change between RMBF during occ and after 
R«20 ml/min/100g) showed ?H-P concentration of 31.752.972 
of NIZ which was proportional to ischemia: RMBF(Z of NIZ) 
21.27 *H-P(% of NIZ)-4.2 (n=58, r=.78); sites that reper- 
fused well (ARMBF > 20) showed "H-P concentration similarly 
low (31.5+3.2% of NIZ, n=32) inspite of RMBF after reper- 
fusion of 59.4+8.8% of NIZ, indicating that these cells 
were unable to bind P. In conclusion, P binding may serve 
as an index of cell viability. 


HYPERSENSITIVITY TO ADRENERGIC STIMULATION FOLLOWING 
PROPRANOLOL WITHDRAWAL IN NORMALS, 

Harisios Boudoulas, MD, FACC; Richard P. Lewis, MD, FACC; 
Robert Kates, PhD; George Dalamangas, MD. Department of 
Medicine and College of Pharmacy, The Ohio State Univer- 
sity, Columbus, Ohio. 


In order to evaluate hypersensitivity to adrenergic sti- 
mulation following cessation of propranolol (P),6 normals 
were studied. Serial isoproterenol (I) infusions (2 pg/ 
min for 10 min) were performed as a control (10 times in 
24 hrs). Oral P (160 mg daily) was then given for 2 days. 
Fourteen I infusions were performed over 72 hours follow- 
ing the last dose of P. Systolic time intervals, blood 
pressure and heart rate (HR) were measured before and at 
the end of each I infusion. Serial plasma P were obtained. 
Changes in electromechanical systole corrected for HR 
(AQS3I) and pulse pressure (APP) were used to assess the 
inotropic response to I and AHR was used to assess the 
chronotropic response. The AQS,I, APP and AHR in response 
to I did not vary significantly during the 24 hr control 
period. P was not detected in the plasma 24 hrs after the 
last dose, Representative data are shown: 

Hours After the Last Dose of P 


Control  lhr 24 hrs 48 hrs 72 hrs 
AQS21 -àà X5 -2+2* -64+ 60 -5745e  -48+ 5 


APP 445-5 42+ 1* 455 E29 +458 + 3e +5045 
AHR +24 +3 42+ 1* +12+2* +38 +40 +26+3 
*Less than the control;eGreater than the control (p<0.01) 
Following the disappearance of blockade there was a hyper- 

sensitivity to the inotropic effect of I at both 24 and 
48 hrs, but only at 48 hrs for HR. The results of this 
study show: 1) a significant difference in the duration 
of chronotropic and inotropic effect of P, 2) a transient 
hypersensitivity to I after cessation of P. This phenome- 
non may provide an insight into the mechanism of the pre- 
pranolol withdrawal syndrome. 
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PREVENTION OF CATECHOL CARDIOMYOPATHY BY LARGE DOSES 

OF INSULIN 

S, Evans Downing, MD, FACC, John C. Lee, PhD, Department 
of Pathology, Yale University School of Medicine, 


New Haven, Connecticut. 


Recent work from our laboratory has shown that-insulin 
sharply attenuates rorepinephrine (NE) dose-response 
curves obtained from isolated cardiac muscle prepa- 
rations. This observation was extended to the intact 
rabbit model to determine if insulin would reduce the 
extent of myocardial damage following a standard NE 
infusion. The animals were anaesthetized with 
pentobarbital (30 mg/kg) and heart rate, arterial pres- 
sure, glucose, PO, and pH were measured. NE, 3 ug/kg/min 
was infused i.v. for 90 min. They were sacrificed 48 
hours later and the hearts examined histologically. All 
of the 5 rabbits not given insulin manifested florid 
myofiber necrosis of both ventricles, most marked in sub- 
endocardial and mid zonal regions, and occasionally 
transmural. However, no lesions were present in 3 of 4 
animals given 40 U of insulin 30 min. prior to NE infu- 
sicn and in 1 they were sparse. Only 1 of 4 given 20 U 
of insulin showed florid lesions. Tiey were sparse in 2 
and absent in 1. No lesions were present in cOntrols 
given saline in place of NE, Severe hypoglycemia was 
prevented by giving u single 10 cc dose of 5% dextrose, 
i.p., and none of the animals died prior to sacrifice. 
No differences ia heart rate, arterial pressure, PO» or 
pH were evident in the insuiin treated animals when com- 
pared with those not given the hormone. It is concluded 
that large doses of insulin significantly reduce the 
severity of myocardial damage produced by NE. 


FINE STRUCTURE OF THE MYOTENDINOUS JUNCTIONS OF 
VENTRICULAR PAPILLARY MUSCLES 

Keishiro Kawamura, MD; Thomas N. James, MD, FACC, 
Department of Medicine, U.A.B. Medical Center, Birmingham, 
Alabama 


Fine structure of the myotendinous junctions (MTJ) of the 
left and right ventricular papillary muscles was studied 
in hearts of 3 cats and 4 bats. Findings were similar for 
either cardiac chamber and in both species (except as 
noted). Orientation of myofibers was generally in parallel 
array, but there was no consistent end-to-end organization 
of these cells. Toward the papillary muscle tip, working 
myocytes became gradually narrowed in diameter. The 
lateral sarcolemma had many longitudinal creases which 
gave a cavernous appearance to the sarcoplasm. In the 
intercalated discs longitudinal or oblique segments were 
more prevalent than transverse segments.  Distal end of 
the last myocytes exhibited multiple longitudinal infold- 
ings of the sarcolemma or less commonly just tapered into 
the chordae tendinae. The basal lamina of those myocytes 
was connected with numerous extracellular microfibrils and 
collagen. Within the narrowing myocytes the myofilaments 
ended into Z band-like substance attached directly to the 
sarcolemma.  Lanthanum readily penetrates even the termi- 
nal space between myocytes and collagen. In MTJ region in 
bat hearts (but not in cats) there were myocytes which 
resembled P cells. Some unmyelinated nerves with tiny 
mitochondria were scattered near MTJ. The histological 
orientation and organization of the papillary muscle tip 
is optimal for maximal mechanical strength, the terminal 


- space permits uniform excitation of the surface of all 


cells, and the special nerves and P cells are compatible 


zT with sensory neuroreception or local automaticity. 
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INCREASED FATTY ACID UPTAKE AND ABNORMAL LIPID 
DEPOSITION: A CHARACTERISTIC FEATURE OF THE PERIPHER- 
AL AND BORDER ZONES OF ACUTE MYOCARDIAL INFARCTS. 
L.M. Buja, MD, FACC, D.W. Bilheimer, MD, R.W. Parkey, MD, F.J. 
Bonte, MD; J.T. Willerson, MD, FACC, Univ. of Tx. Health Science 
Center, Dallas, Tx. 

Since fatty acids (FA) have been implicated in the genesis of cardiac 
arrhythmias and myocardial depression in subjects with acute myocardial 
infarcts (AMI), and since labeled fatty acids are presently utilized for — 
myocardial scintigraphy, we have performed a study to characterize 
regional myocardial FA uptake in 20 mongrel dogs with ligation of the 
LAD for varying periods. Preliminary experiments established that, of 
three materials injected (!?^*5I-VLDL, '*C oleic acid-albumin and VLDL 
dual labeled with °H glycerol and ! *C oleate triglyceride), only the 40i 
oleic acid-albumin concentrated in certain AMI regions 24 hrs after LAD © 
occlusion. In 9 dogs, '*C oleic acid (8 million counts in 10 ml saline) - 
was administered via left atria! catheters 24 hrs after LAD occlusion; the . 
dogs were sacrificed 24 hrs later and the hearts sectioned into: normal 
LV, AMI border zone, periphery and central subendocardial zones. In 8. — 
dogs AMI border and peripheral zones selectively concentrated FA with 
peak uptake of 254+46.6 (SE) 96 (p<0.01) of normal LV, and AMI - 
central subendocardium showed significantly reduced FA uptake witha - 
peak uptake of 58+13.6% (p« 0.01) of normal LV. In 1 dog, FA uptake 
exceeded normal LV uptake in both AMI periphery (32196) and central - 
subendocardium (156%). Light and electron microscopy revealed excess - 
lipid in AMI border and periphery as early as 6 hrs after LAD occlusion 
with increased amounts at 24 and 48 hrs. The fat occurred as. 
non-membrane-bound lipid and was present in excess in some irreversibly l 
injured muscle cells in AMI periphery as well as in numerous border zone 
muscle cells lacking classical evidence of irreversible injury. The ultimate - 
fate of lipid-laden muscle cells after AMI and the potential role of these - 
cells in the genesis of arrhythmias remain to be elucidated. The data 
suggest the need for caution in interpreting myocardial scintigrams 
obtained with labeled fatty acids since both irreversibly damaged and - 
injured, metabolically abnormal cells in the peripheral and border zones 
of myocardial infarcts may take up excess fatty acid and egies 
abnormal amounts of lipid. 


99mrc.-GLUCOHEPTONATE IMAGING FOR THE EARLY DIAGNOSIS OF 
ACUTE MYOCARDIAL INFARCTION 

John R. Combes, BS; Jerome G. Jacobstein, MD; Martin R. 
Post, MD; Arthur J. Roberts, MD; Susan A. Kline, MD; 
Daniel R. Alonso, MD; L. Daniel Neistadt, MD, Cornell 
Medical College, New York 


Currently utilized radiopharmaceuticals for imaging 
myocardial infarcts (MI) in patients (pts), that is "hot 
spot" imaging agents, are not effective in the early hours 
following the acute event. 99mrc-glucoheptonate (TcGH) , 
however, can delineate infarcts within a few hours of on- 
set. Forty-one pts were injected with 20 mCi of TcGH 
immediately upon admission to the CCU and imaged approx- 
imately 5 hours later. Twenty-five images were read as 
positive, 10 as negative and 6 as equivocal. Based on the 
eventual clinical diagnoses utilizing all available in- . 
formation, there were 2 false positive and 2 false nega- 
tive scan interpretations for an overall accuracy of 897 
(31/35). If the equivocal scans were categorized as either 
positive or negative, then theoverall accuracy was 85% 
(35/41). All 15 transmural infarcts and 8 of 10 nontrans- 
mural infarcts had positive TcGH images. The borders were 
well-defined in 12 of the 15 transmural infarcts; in the 
remaining 3, they were less distinct. Four of the 8 non- 
transmural infarcts visualized had good border definition. 
In those pts with definitely positive images, infarct , 
location by scan corresponded to ECG location in 91% 
(21/23). 

Although infarct delineation continued to improve with 
time after injection, image quality was excellent by 5 hrs. 
Injections on subsequent days invariably resulted in poorer 
images. Thus, visualization and localization of MI's ín 
pts can be obtained with TcGH in the critícal early hrs 
after MI, often before an infarct is documented by other 
procedures and at a time when successful therapeutic 
intervention may still be possible. 







































‘SIZE Mirta 99mTC PYROPHOSPHATE, 201 
ALBUMIN S. Norman Sharpe, M.D., 
anion M.D., facia tance, M.D., Kanu 
hatter rjee, M.D., FACC, William W. Parmley, M.D.,FACC, 
niversity of California, San Francisco, California. 
Trda ENSE were compared with serial CPK curves 
and hemodynamics to estimate infarct size in 26 patients 
. (PTS) with acute transmural infarction. A 99mTc pyro- 
1 sphate heart scan(PYP) was performed within 48 hours 
; (of admission and the following day a 99mTc albumin ECC 
M gated ventricular wall motion(WM) study and hemodynamic 
_ measurements were obtained. A 201 thallium(Tl) myocardial 
perfu ion study was obtained between days 4 and 7. Serial 
| serum CPK estimations were made from the time of admis- 
p sion. Infarct size was calculated by planimetry of the 
, -area of the PYP image for anterior infarcts, and from the 
ý: . product of linear measurements in orthogonal views for 
inferior infarcts. Each view of the Tl study was divided 
. into circumferential zones and assessed for reduced per- 
a fusion. PYP infarct area correlated well with LV stroke 
| , Vork index (SWI) (r=0.73, p«0.001), WM ejection fraction 
(EP) (r=0. 55, p«0.001), and the number of zones on the 
oT s tudy showing reduced perfusion (r-0.66, p«0.001) PYP 
/ infarct area did not correlate significantly with cumu- 
li ses metu CPK release (CPK), neither did CPK correlate 





bn ascia) ‘and may provide a quantitative estimate of the 
m pine et infarction. 


k \ nee MS, L.M. Buja, MD, FACC, S. Saffer, PhD, D. Mishelevich, PhD, E.M. 
- . Stokely, PhD, R.W. Parkey, MD, F.J. Bonte, MD, J.T. Willerson, MD, FACC, Univ. of 
| soe Health Science Center at Dallas, Dallas, Texas 
jious studies at our institution have suggested that technetium-99m stannous 
TA a roaliaiphate (9? Te-PY P) myocardial scintigrams may be used to estimate the 
histological size of acute anterior infarcts in dogs with proximal left anterior 
.. descending coronary artery occlusion (LAD). However, our earlier assessments used 
. Single-dimensi onal planimetered estimates of infarct size. The present study was 
4 na. erformed to test the possibility that a 3-dimensional approach would allow a more 
= precise quantitative measure of infarct size. Acute anterior myocardial infarcts were 
oduced in 7 dogs by occluding their proximal LAD. °°™Tc-PYP myocardial 
pe were obtained approximately 30 hours later. Three views (anterior, left 
` anterior: oblique and left lateral) were obtained from each dog. Processing of the 
jital images was done using a DEC system-10 computer. The images were displayed 
NE a Tektronix 4012 graphics terminal, with 8 gray levels of intensity adjusted to 
i Y an contrast between infarct and background. Infarcted regions (area of 
Oy on PT Te-PYP uptake) were manually outlined using a Graf/Pen sonic 


uh " then measurements were taken of horisorital 
T E at corresponding levels of the anterior and left lateral projections. The 
413 lengths. at each level determined major and minor axes of a C-shaped cross-section, 
"T and infarct volume was computed as the sum of all the “‘slicé’’ volumes. Two 
A different “slicing” protocols were tried, and volumes calculated for each. Histologic 

| a ‘size for each of the 7 dogs was obtained by serially sectioning the entire left 


we i = histolagicd infarct weight. Correlations were made between the calculated 
.. infarct volumes (2 methods) and the measured histological infarct sizes. The results 
.. demonstrated signific icant correlation between calculated infarct volumes (r-0.984 for 


. pKO. 01. The data suggest | 
1 M antatioh- may be used ti to accurately measure infarct size in dogs with proximal LAD 
b ‘occlusion. T his method has potential application for the quantitation of infarct size 
uu | dn bran: its poet, to Cte: inferior infarct size remains to be E 09; ; 
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x 10-20 slice method, r-0. 92 for 35-50 slice method) and histological infarct weight, 
that a 3-dimensional model of experimental myocardial - 


wk >40 cm? 
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NONINVASIVE E R OF MYOCARDIAL 
INFARCTION IN MAN 

Edward S. Weiss, MD, FACC; Michael F Welch, PhD; Michel M. 
Ter-Pogossian, PhD; Burton E. Sobel, MD, FACC, Washington 
University, St. Louis, Missouri 


To delineate myocardial infarction in cross sections of the heart 
quantitatively, we studied 10 normal subjects and 10 patients with 
infarction within one year with a new technique, positron emission 
transaxial tomography, permitting three-dimensional reconstruction 
of the entire left ventricle. Tomography was performed with 48 
Nal detectors programmed through rotational and translational mo- 
tion to obtain computer-reconstruction images of the distribution of 
intravenously injected, cyclotron-produced, positron-emitting llc. 
palmitate in 1.5 cm thick cross sections of the ventricles from apex 
to A-V valves. Within 6 min after i.v. injection of 5 to 10 mCi, 
each normal subject exhibited homogeneous myocardial distributior 
C-palmitate with clear delineation of both ventricular free 
walls and interventricular septum. |n each of the patients with 
transmural infarction (with persistent Q waves) depression of llc- 
palmitate accumulation (>50%) was seen corresponding to the ECG 
locus of infarction (4 anterior, 2 lateral, and 2 posteroinferior). 
In each of two patients with subendocardial infarction (without Q 
waves) intramural depression (>50%) was evident. In parallel 
canine experiments, similar regional depression of ''C-palmitate 
accumulation was detected tomographically in 16 cardiac cross 
sections. Tomographic findings correlated closely with infarction i: 
the corresponding cross sections estimated morphometrically (r= . 93 
or from regional creatine kinase depletion (r7 .92). Thus, positron 
emission transaxial tomography should facilitate detection and 
quantification of infarction in man and evaluation of interventions 
designed to protect jeopardized myocardium. 


THE PROGNOSTIC IMPLICATIONS OF ACUTE MYOCARDIAL INFARCT 
SCINTIGRAPHY WITH ??"Tc-PYROPHOSPHATE 
B. Leonard Holman, MD, FACC; Robert Chisolm, MD, Harvard 


Medical School and Peter Bent Brigham Hospital, Boston, 


Massachusetts 


The possibility that the myocardial uptake of ??"Tc-pyro- 
phosphate (Tc-PYP) would have predictive value was studie: 
in 100 patients admitted to the coronary care unit with 
suspected acute myocardial infarction (AMI). Scintigraph 
was performed 90 minutes after injection of Tc-PYP. 
Scintigraphic images were divided into the following 
patterns: (A) normal, (B) diffuse but less intense than 
sternum, (C) focal, and (D) massive (equal or greater in 
intensity than sternum). Complications were divided into 
those occurring in hospital and those following discharge 
(mean followup, 6.1 months). The in-hospital complicatio: 
rate was 88% in patients with pattern D compared to 21% 
for patterns B and C (p<0.01) and 5% for patients with 
pattern A (p<0.001). When patients with AMI by other 
criteria (n=49) were compared with those without AMI (n= 
51), there was a significantly greater complication rate 
in hospital (p<0.05). No difference in the in-hospital 
complication rate was found between patients without AMI 
by other criteria with abnormal (n=20) and normal (n-21) _ 
scintiscans.  Out-of-hospital ischemic complications were 
significantly greater for patients without AMI but with 
abnormal scans than those with normal scans (427 versus 
5%; p<0.05). For patterns C and D, the complication rate 
increased with increasing size of the myocardial uptake. O1 
the anterior view (in hospital: «16 cm? - 02; 16-40 cm? - 
- 672; out of hospital: «16 cm? - 02%; 16-40- 
- 36%; >40 cm^ - 50%). In addition to its diagnostic 


| AEVUM URN amute infarct $cintigraphy provides ERES id 
. information useful for patient triage and potentially ur Sn 


useful for: therapeutic decisions early in the evolution | o: 
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SERIAL Tc-99m PYROPHOSPHATE MYOCARDIAL IMAGING IN 
MEDICALLY AND SURGICALLY TREATED UNSTABLE ANGINA 
Harischandra Karunaratne, MD; Kokgee Chua, MD; William 
Fennell, MD; Paul Harper, MD; Leon Resnekov, MD, 
University of Chicago, Chicago, IL. 


Serial Tc-99m pyrophosphate (TcPyP) myocardial scinti- 
grams (SC) were obtained before and 1-8 days after 
coronary artery bypass surgery in 17 surgically treated 
(S) patients (pts) and 3-9 days apart in 11 medically 
treated (M) pts with unstable angina. In group S, 11 pts 
had an initial abnormal SC showing a diffuse myocardial 
Eight of these pts had negative SC post- 
operatively, one who had a peri-operative myocardial 
infarction (MI) showed increased intensity of TcPyP up- 
takem and two showed no change in SC including one with a 
peri-operative MI. The remaining 6 pts had negative 
initial SC and in all except one who had a peri-operative 
MI, the SC remained negative post-operatively. Statisti- 
cal analysis (Fischer's exact test) as tabulated gave a 
p « 0.03. 

Definite peri- No peri- 

operative MI operative MI 

Post-operative SC 


improved or unchanged ] 14 

Post-operative SC worse 2 0 

In 7 group M pts whose initial SC was positive, the SC 
remained unchanged on repeat imaging. In 2, the SC 
remained negative throughout. The remaining 2 M pts who 
developed positive SC on repeat imaging were shown by 
serial EKGs and enzymes to have developed new MIs. The 
data indicate (a) the need for both pre- and post-opera- 
tive TcPyP imaging in the diagnosis of peri-operative MI 
when unstable angina is treated surgically, (b) the SC may 
remain positive in medically treated pts, (c) a signifi- 
cant improvement in the SC abnormality is frequently noted 
following surgical revascularization in unstable angina. 


FACTORS RETARDING THE DECLINE OF PLASMA CK 
ACTIVITY AFTER MYOCARDIAL INFARCTION 

Robert Roberts, MD, FACC; Ronald P. Karlsberg, MD; Burton E. 
Sobel, MD, FACC, Washington University, St. Louis, Missouri 


| The true plasma CK disappearance rate (kg), a parameter used in 


estimating infarct size in patients, has been determined from the 
slope of terminal portions of plasma CK time-activity curves after 
infarction. However, the rate of elimination of CK from blood 
(ke) could be masked by continued release from the ischemic heart. 
To determine whether ke accurately reflects kd, we determined ke 
in each of 20 conscious dogs after i.v. injection of purified canine 
myocardial CK and after experimental myocardial infarction from 
the downslope of the time-activity curve. ke after infarction was 
only 2296 (p « .05) of ke after injection of myocardial CK although 
exogenous and endogenous enzyme were biochemically similar 
judging from: molecular weight estimated chromatographically; 
electrophoretic mobility on polyacrylamide, SDS, and cellulose 
acetate; stability at 379 in vitro; and binding affinity to rabbit CK 
antibody quantified with a new radioimmunoassay. |n five addi- 
tional dogs with experimental myocardial infarction, zymosan, 

10 mg/kg, previously shown to inhibit kq, was administered 5 to 8 
hr after peak plasma CK. In each case, plasma CK activity in- 
creased, interrupting the decline after infarction. Since liberation 
of CK from as little as 1 g of myocardium after peak plasma CK 
could reduce ke by 50%, these results suggest that estimates of kg 
from the terminal portions of time-activity curves are too low, 
because of continuing release of myocardial CK. Although relative 
estimates of infarct size would not be affected, calculations based 


on the true kg would account for recovery of substantially more 


myocardial CK in plasma after infarction than that recognized 


— previously. 
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EFFECT OF CHANGES IN RESIDUAL CORONARY PERFUSION UPON. A 
SERUM CREATINE PHOSPHOKINASE LEVELS ya 
David Waters, MD; William E. Shell, MD; Protasio da Luz, 
MD; H.L. Myatt, PhD; Gary Totten; Miriam Kligerman; | 
James S. Forrester, MD, FACC, Cedars- Sinai Medical Center, 
Los Angeles, California 


A 


To determine if altered perfusion may change creatine es. | 
phosphokinase (CPK) appearance rate independent of a | 
change in infarct size (does CPK washout occur?), 4 groups 

of 5 open-chest dogs were studed. Flow to the left an- | 
terior descending coronary artery (LAD) flow was reduced — . 
by a variable occlusive cuff to 20% control in 3 groups — 
and maintained for 5 hrs. In group 1, LAD flow was then. D 
increased to 30%, i.e., a 50% increase in flow at hr 5. 

In group 2, LAD flow was reduced at 5 hr to 10% of con- 
trol, i.e., a 50% decrease. In group 3, the flow was ~~ 
maintained at 20% of normal. In group 4, thoracotomy UE 
alone without occlusion was performed. We sampled blood 
for CPK isoenzymes (MB-CPK) for an 8 hr period; MB-CPK was - 
assayed by a column chromatographic separation on Sephadex —.. 
-25; the assay has a precision of 3% with lower limit de- 
tection of 1 mIU/ml. In group 1 dogs (increased flow), 2 
of the 5 dogs doubled their MB-CPK activity within 20 min; -— 
the spike disappeared within 1 hr and was associated with — - 
an electrophoretically distinct CPK band which was neither 
MB or MM-CPK--suggesting release of CPK fragments. Mean 
MB-CPK following increased flow did not rise above d 
until 8 hrs suggesting retardation in CPK release induced 

by protection of myocardium. When flow was decreased  - 
(group 2), MB-CPK fell from 23.0+5.6 to 14.44+2.7 shortly 
after reduction. In 2 of the 5 dogs, it then rose to 

high levels 3 hrs flow reduction suggesting extension of | 
the rate of cell injury. These data suggest that CPK = ^. 
appearance rate may be transiently affected by residual 
flow as well as by the rate of infarction. 


PROMPT DETECTION OF MYOCARDIAL INFARCTION BY 
RADIOIMMUNOASSAY OF MB CREATINE KINASE E 
Audrey Painter; Burton E. Sobel, MD, FACC; Robert Roberts, MD, 
Washington University, St. Louis, Missouri 2 


G'S 


Elevated plasma MB creatine kinase (CK) activity is a well 
recognized specific index of myocardial infarction. Unfortunately — . 
however, available techniques rely on enzyme activity and fail to 
detect elevations less than three to five fold above normal. | 
Radioimmunoassay (RIA), a more sensitive procedure, has not yet ri 
been applied successfully to isoenzymes of CK or any other enzyme — - 
primarily because of inactivation accompanying labeling. We — 
recently developed an RIA for MB CK employing 131 labeling by — 
acylation rather than direct oxidation. |n the present study, | 
plasma samples from patients with suspected myocardial infarction — 
were analyzed with this assay to determine whether earlier SEC 
detection of infarction was possible and whether enzymatically — 
inactive MB CK was present, |n 60 normal subjects, MB was a 
consistently detectable by RIA, but values were invariably <2.5  - 
mIU/ml. In contrast, increased MB by RIA was detected (up to 
320 mIU/ml) in 300 samples from 20 patients with myocardial 
infarction. In 42 samples from nine patients, two to five fold 
increases above normal were detected by RIA before total CK 
increased above 70 mIU/ml and before MB was detectable by — | 
electrophoresis. RIA results were not altered by chemical E. 
inactivation of MB (with PCMB). Nevertheless, time-activity. P 
curves after infarction assayed enzymatically and by RIA were — 
virtually identical (r + .99, n = 180 samples from 10 patients), | 
indicating that loss of MB activity reflects removal of enzyme ^ et 
protein. Thus, RIA improves diagnostic sensitivity, facilitating — 
earlier detection of myocardial infarction and assessment of CER 
therapeutic interventions, ^E 
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p NTS WITH J ACUTE NU OOARDANI INFARCT ION. 
m Jt. Willerson, MD, FACC, M.J. Stone, MD, R. Ting, MS, A. Mukherjee, PhD, C.E. 
bier mez-Sanchez, MD, L.B. Hersh, PhD, Univ. of Tx. Hith. Sci. Ctr., Dallas, Tx. 

fs A radioimmunoassay hil been developed for the measurement of serum levels of the 
s B isoenzyme of creatine phosphokinase (CPK) in order to evaluate the time course 
j Si and frequency of MB isoenzyme elevation in patients with acute myocardial 
E infarction. This particular approach was chosen in order to avoid the detection of 
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s | skeletal muscle CPK-MM isoenzyme and to make available a sensitive, specific, and 

quantitative assay of the B portion of the CPK isoenzyme. The radioimmunoassay 
E that we have developed detects as little as 0.2 ng of CPK-B isoenzyme, does not 
d significantly cross react with CPK-MM isoenzyme and is not affected by storage of 
PB serum at -20° C. No significant cross-reactivity of the antibody for CPK-B isoenzyme 
D. was detected for human heart myoglobin, phosphorylase b or citrate synthase, rabbit 
DE -skeletal muscle CPK-MM or human skeletal muscle CPK-MM isoenzymes. The 
Ey antibody for CPK-B isoenzyme demonstrates 44% (range 35-59%) cross-reactivity 
e with | human heart CPK-MB isoenzyme. Recovery experiments performed with the 
-CPK-B immunoassay demonstrated that approximately 94% of added CPK-BB 
" . isoenzyme was measured using this assay. Using this radioimmunoassay, CPK-B 
5 isoenzyme ‘was detected in 48 of 51 sera frorn normal adults; serum levels in these 
vA individuals ranged between 1.2 and 12.5 ng/ml [mean 2.7*0.30 (S.E.) ng/ml]. The 
mean serum level of CPK-B isoenzyme in a pool of sera obtained from 100 medical 
Be _ students was 2.9+0.35 ng/ml; two patients with rhabdomyolysis had serum CPK-B 
Omm of 2.5 and | 3.5 ng/ml, respectively. The mean serum concentration of CPK-B 








-isoenzyme i in 19 patients admitted: with chest pain, but without acute myocardial 
n _ infarction was 3.440. 50 ng/ml. Serum levels of the CPK- B isoenzyme were markedly 
.. elevated in sera from 18 patients with acute myocardial infarcts when obtained 
Ns within 12 hours after hospital admission, the mean peak serum concentration being 
can JT | ng/ml. Serial determinations in 14 patients with acute myocardial infarcts 
oF monstrated maximal serum CPK-B isoenzyme levels occurred within the first 12 
F. ^ iie after admission and in most patients fell toward normal thereafter. The data 
4 i | indicate that determination of serum CPK-B isoenzyme levels by radioimmunoassay 
B - provides. a useful and sensitive test for the detection of acute myocardial infarction; 
c Sif this radi ioimmunoassay should also aid in the accurate quantitation of myocardial 



















E PHOSPHOKINASE ISOENZYMES FOLLOWING NON-CARDIAC 
THORACIC AND ABDOMINAL SURGERY 


-Shiraz baadi. M.D., Stafford Warren, M.D., F.A.C.C., and 
| karl Klapproth, M. D.; W.Va. University Medical Center, 
| | Ghacieston Division 


Fifty consecutive patients (pts) with no evidence of 
. heart disease undergoing elective non-cardiac thoracic 
X surgery and 30 pts undergoing elective laparotomy were 
: ciated: prospectively by serial CPK isoenzymes, total CPK, 
land EKG's. CPK-MB (heart band) was absent in all pts 
-e-op.  CPK-MB was present postoperatively (PO) in 19 
Ls 38%) of thoracic pts but absent in all abdominal surgery 
etsy Four pts with.CPK-MB were under age 25. No pt had 
K EKG evidence of infarction after surgery. Eighty-nine 
ce of CPK-MB group had no ST or T changes PO; 11% 
| EKG changes consistent with pericarditis. One pt 
vith CPK-MB died 9 days PO and autopsy showed fibrinous 
pertcarditie, normal coronaries, and no infarction. Total 
ET . Was. significantly higher in the thoracic pts than in 
‘the abdominal pts, even when CPK-MB was absent. Tissue 
| homogenates: were examined from pts having cardiac or lung 
surgery and revealed CPK-MB in 75% of skeletal muscle 
. samples but in no sample of aorta, pericardium, or lung. 


 CPk- is common following non-cardiac thoracic surgery 

wit out electrocardiographic or clinical evidence of myo- 

s ` cardial infarction. However, CPK-MB has not been found 

3 following abdominal surgery. This may reflect greater 
skeletal muscle damage during thoracic than abdominal 

B surgery with subsequent CPK-MB release. In other cases 
dt may be due to intraoperative cardiac manipulation or 

Pe retfaetion. . These findings may help explain the high 

E incidence of CPK-MB after coronary bypass surgery. 


st  RADIC IOIMMUNOASSAY OF CPK-B ISOENZYME IN HUMAN SERA: RESULTS IN | 
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SUPERIORITY OF BODY SURFACE MAP OVER ELECTROCARDIOGRAM 
AND VECTORCARDIOGRAM IN DETECTING ABNORMALITIES IN 
PATIENTS WITH SEVERE CORONARY ARTERY DISEASE 

Gurbachan S. Sohi, MD, FACC; Nancy C. Flowers, MD, FACC; 
R. Chris Hand; Leo G. Horan, MD, FACC, University of 
Louisville, Louisville, Kentucky 


Instantaneous body surface maps from 142 sites were re- 
corded from 14 patients without any clinical, electro- 
cardiographic (ECG) or vectorcardiographic (VCG) evidence: 
of acute or old myocardial infarction (MI), but angio- 
graphically proven and hemodynamically significant 
coronary artery disease. The ECG in 9 patients was nor- 
mal, and it showed only ST-T abnormalities in the other 
5. Serial isometric projection maps were viewed msec by 
msec throughout the ventricular excitation, and a second 
series of maps was examined containing the information 
outside the mean normal + 2SD. Thus, abnormal departure 
maps were available making it possible not only to de- 
fine the pattern of activation in such patients, but also 
to compare these with maps from 22 patients with infero- 
posterior and 20 patients with anterior MI. Eleven 
patients had maps showing abnormal positivity high in the 
left upper chest starting between 15-35 msec and lasting 
up to 30-70 msec, similar but earlier in some, to the 
positivity previously reported in proven cases of MI. Six 
showed an abnormal negativity at the xyphoid or lower and 
to the right of the xyphoid starting at 20-30 msec and 
lasting up to 35-50 msec. This was similar to the neg- 
ativity seen in patients of anterior MI. In 2 patients 
only the latter abnormality was found. Only 1 patient 
failed to show any map abnormality. We conclude that 

the surface map will detect distinct electrical abnormal- 
ities not found in the conventional ECG or VCG in 
patients who have significant coronary artery disease, 
yet no history or other evidence of previous MI. 


ACTIVATION SEQUENCE DURING CORONARY OCCLUSION 


Ruth Ann Smith, MD; Mary Jo Burgess, MD; J.A. Abildskov, 
MD, FACC; University of Utah, Salt Lake City, Utah 


Several studies have shown both earlier and later activa- 
tion of some ventricular sites during the time course of 
acute ischemia. This could be the result of altered acti- 
vation sequence, altered conduction velocity, or both. 

The purpose of this study was to differentiate these mech- 
anisms by a sufficiently detailed sampling of activation 
times to demonstrate or exclude altered excitation se- 
quence, Bipolar electrograms were recorded simultaneous- 
ly from 49 epicardial sites in a 5.8 cm2 area in the dis- 
tribution of a coronary artery subsequently occluded for 
3-5 minutes and from up to 10 endocardial and intramural 
sites. Within 1-1 minutes of coronary occlusion, epicar- 
dial, endocardial, and intramural activation times de- 
creased while the epicardial activation sequence pattern 
was unchanged. From 2-5 minutes of coronary occlusion 
epicardial activation times returned to control and then 
increased non-uniformly at various sites. This resulted 
in striking changes of epicardial activation sequence pat- 
terns.  Endocardial and intramural activation times, how- 
ever, rarely showed any increase. Findings suggest a 
transient increase of conduction velocity, without a 
change of activation sequence very early in acute ischem- 
ia. Later the endocardial activation process was rela- 
tively unaffected while changes of wavefront orientation 
as well as slowed conduction were seen on the epicardium. 
These phenomena are probably related to the occurrence of 
arrhythmias in ischemia although their exact role re- 
quires further study. In particular, increased conduction 
velocity very early may be protective against reentrant 
arrhythmias, while the later slowed conduction and dis- 
torted excitation sequence may c intei te to pues 
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THREE DIMENSIONAL ANIMATION OF THE SPREAD OF EXCITATION 
OF THE HUMAN HEART 

Klaus Moldenhauer, MD; Adriaan van Oosterom, MSc; 

Paul Heintzen, MD; Dirk Durrer, MD, FACC; Frits L. 
Meijler, MD, FACC, Christian-Albrechts University Kiel, 
Federal Republic of Germany and Interuniversity Cardio- 
logical Institute, Amsterdam, The Netherlands. 


DETERMINANTS OF THE ECHO ZONE IN PATIENTS WITH RECIPROCATING * 
TACHYCARDIA AND THE WOLFF-PARKINSON-WHITE SYNDROME 

Edward L.C.Pritchett, M.D., John J. Gallagher, M.D., : 
Melvin M. Scheinman, M.D., Duke University Medical Center, 
Durham, North Carolina 


47 patients with ventricular preexcitation and recipro- 
cating tachycardia were studied using the atrial extra- 
stimulus technique (S]-S2)to determine the characteristics 
of the echo zone (EZ). Four EZ configurations (Cf) are de- 
fined by the relationship of the atrial functional refrac- 
tory period (FRPAt), the effective refractory period of the 
atrioventricular node (ERPAVN), the ERP of the accessory 
pathway (AP), and the longest coupling interval (A]-A2) 
accompanied by an atrial echo (Ag). This latter interval 
is the upper limit of EZ (LimEZ). With Cf I, FRPAt>ERPAP 
or ERPAVNÉERPAP, and no echoes occur at any coupling inter- 
val. With Cf II, ERPAP-LimEZ, and all coupling intervals 
which block in the AP are accompanied by echoes. Cf II is 
the classical description of EZ in this syndrome. With Cf 
III, ERPAP>LimEZ but echoes occur only when AVN delay is 
adequate to allow atrial recovery; therefore the minimum 
echo interval (minimum A2-Ag)-FRPAt (+ 20msec.). With Cf IV | 
ERPAP?LimEZ, but echoes do not occur despite apparently 
adequate atrioventricular delay. p" 

27 patients (10 Cf I, 14 Cf II, 3 Cf III) had no change 
in Cf with change of pacing site or cycle length, but pa- 
tients with Cf III had LimEZ shifted to shorter coupling | 
intervais by pacing at a site remote from the AP and shift | 
ed to longer coupling intervals by bundle branch block ín 
the ventricle containing the AP. The remaining 18 patients — 


Using data of a previous study on the excitation of the 
isolated, revived and perfused human heart a three 
dimensional animation of the spread of excitation through 
the heart has been generated with the aid of a digital 
computer. 

Excitation data were obtained by epicardial exploration 
with surface electrodes and by intramural exploration us- 
ing multi-electrode needles with 10 or 20 terminals of 
0,1 mm diameter each, intra-terminal distance: 2 mm. The 
original results were presented in the form of succesive 
excitations boundaries at 5 ms intervals. The heart was 
divided from base to apex in 8 equi-distant slices in 
which the excitation boundaries were shown. 

In the animation a perspective view of the reconstructed 
heart composed of the eight layers has been used as a 
frame for the display of the excitation process. The 
excitation boundaries are shown as changes in color for 
each of twelve succesive 5 ms steps. The animation has 
been displayed on a color television screen interfaced to 
a digital computer and recorded on a color movie film. An 
anterior and posterior view of the heart have been 
produced and are shown in the film. 


This form of data display offers a spatial and dynamic 
representation of the spread of normal excitation of the 
human heart. In principal the visualization of abnormal 
excitations patterns such as occurring in hearts with: 
infarcted areas, conduction defects, ventricular prema- 
ture beats and WPW syndromes can be produced in the same 
fashion. 


MECHANISMS OF SPONTANEOUS CONVERSION BETWEEN RECIPROCAT- 
ING TACHYCARDIA AND ATRIAL FLUTTER-FIBRILLATION IN THE 
WOLFF-PARKINSON-WHITE SYNDROME 

Ruey J. Sung, MD, FACC; Agustin Castellanos, MD, FACC; 
Stephen M. Mallon, MD, FACC; Martin G. Bloom, MD; 

Robert J. Myerburg, MD, FACC, University of Miami, Miami, 
Florida. 


Spontaneous conversion between reciprocating tachycardia 
(RT) and atrial flutter-fibrillation (AF) has been con- 
sidered a rare phenomenon in patients (pts) with the 
Wolff-Parkinson-White (WPW) syndrome. Little information 
is available concerning its underlying mechanisms. 


In 6/31 consecutive WPW pts undergoing electrophysiologi- 
cal studies in which His bundle, right and left atrial 
electrograms were simultaneously recorded, spontaneous 
conversion between RT and AF was repeatedly observed. 
Invariably, spontaneous conversion of RT to AF was 
triggered by a premature atrial beat which resulted in 
atrial asynchrony during the atrial vulnerable period 


(AVP). (The AVP was determined during programmed atrial 


stimulation.) In contrast, spontaneous conversion of AF 
to RT required the development of antegrade unidirec- 
tional block of the accessory pathway (AP) prior to 

the cessation of AF; the impulse then entered the AP in 
a retrograde direction and reactivated the atrium ini- 
tiating an onset of RT. 


The occurrence of spontaneous conversion between RT and 
AF in pts with the WPW syndrome is probably more common 
than it is generally realized. Identification of this 
phenomenon during electrophysiological studies may be 


important for selection of proper management in these 
pts. 


had a change in EZ Cf with change of pacing site or cycle 
length or both. The characteristics of the EZ in patients 
with ventricular preexcitation may therefore change with 
pacing site, cycle length, and intraventricular conduction 
delays. Use of EZ's as therapeutic guides must be done 
with caution. ¢ 


THE EFFECT OF PROPRANOLOL ON ANOMALOUS PATHWAY REFRACTOR- 
INESS AND CIRCUS MOVEMENT TACHYCARDIA IN PATIENTS WITH 
PREEXCITATION 

Pablo Denes, MD, FACC; Delon Wu, MD, FACC; Fernando Amat- . 
y-Leon, MD, FACC; Christopher Wyndham, MD; Ross Simpson, 
MD; Ramesh Dhingra, MD, FACC; Kenneth Rosen, MD, FACC, 
University of Illinois, Chicago, Illinois. 
Electrophysiological effects of 0.1 mg/kg IV propranolol 
were evaluated in 13 patients (pts) with anomalous path- 
ways (AP), utilizing intracardiac stimulation and record- 
ing. Ten pts had manifest and 3 concealed ventricular pre- 
excitation (PREEX). AP antegrade effective refractory per- 
iod (ERP) could be measured during control (C) and follow- 
ing P in 7 pts and was (mean + SEM msec) 309 + 9 (C) and 
307 + 11 (P)(NS). Ventricular paced 1:1 V-A conduction 
(reflecting retrograde AP refractoriness), measured in 7 
pts during both C and P, was intact at cycle lengths (CL) 
of 330-300 msec. With atrial stimulation, an echo zone 
(EZ) was present in 6 pts during C and 7 pts after P. The 
mean + SEM absolute duration of EZ (6 pts) was 67 + 13 

(C) and 50 + 16 msec (P)(NS). EZ outer limit was determ- 
ined by AP ERP in pts with manifest PREEX and was un- 
changed following P. In pts with concealed PREEX, EZ out- 
er limit shifted to the right, reflecting greater A-V nod- 
al delays at equivalent coupling intervals. Sustained par- 
oxysmal supraventricular tachycardia (PSVT) was induced in 
10 pts during C and in 7 after P (3 losing ability to sus- — 
tain PSVT because of A-V nodal refractoriness). Mean CL of 
PSVT in these 7 pts was 333 + 25 (C) and 358 + 27 msec (P) 
(p<0.05). The increase in PSVT CL reflected increase in 
A-H (184 + 26 to 213 + 26 msec), without change in H-A, In 
conclusion: 1) P has no effect on antegrade or retrograde 
AP refractoriness. 2) Favorable effects of P in PREEX (in- 
crease in CL of PSVT and loss of ability to sustain PSVT) 
reflect increase in A-V nodal refractoriness. 
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ae MYOCARDIAL PERFUSION SCANNING 
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THALLIUM 201 MYOCARDIAL PERFUSION SCANNING IN THE EVALUA- 

— TION OF ASYMPTOMATIC PATIENTS WITH ISCHEMIC ST SEGMENT 
ED DEPRESSION. 
Pap vim Dennis G. Caralis, Harold L. Kennedy, Ian K. Bailey and 
Ie Bertram Pitt. 
" The U.S. Public Health Service Hospital and tke Johns 
"Hopkins Medical Institutions, Baltimore, Maryland 


ps 


los 
e 
bis. ‘The significance of flat ST segment depression (ST*) in 
8. asymptomatic patients on exercise ECG stress testing pre- 
_ sents a clinicil dilemma. Nine patients (mean age 51, 8 
^. males, 1 female) out of a total number of 170 were found 
Ex have a positive maximal treadmill exercise test (»l mm 
D orm without pain. Eight of the nine patients were studied 
because of risk factors for coronary artery disease, and 
a 1 because of unexplained ventricular arrhythmia on her 
$ resting electrocardiogram. Further evaluation included 2 
E e 24 hour Holter monitor recordings (FM), myocardial 
Perfusion scanning with Thallium 201 at rest and stress, 
ey selective coronary arteriography. The HM during daily 
"m activity was abnormal (periods of »1 mm ST¥) in all 9, 
| again without pain. The myocardial perfusicn scan was ab- 
Boom: during stress in 7. Selective coronary arteriogra- 
pum revealed >50% narrowing of at least 1 vessel in the 
- 7 with an abnormal exercise myocardial perfusion scan. 
The. other 2 patients had normal coronary arteriograms; in 
ES la cardiomyopathy was suspected, while in the other no 
explanation for ischemic ST segment depression could be 
| found. The myocardial perfusion scan during stress was 
normal in these two patients. ST¥ of 1 mm or more, found 
Dy on maximal exercise stress testing or HM in asymptomatic 
e atients may or may not be associated with coronary ar- 
"pd narrowing. Myocardial perfusion scanning during 
Stress can be of value in predicting which pain free 
. patients with ST} during stress have significant coronary 
A du disease. 









JA LOCALIZING VALUE OF THALLIUM 201 MYOCARDIAL PERFU- 
— SION IMAGING IN CORONARY ARTERY DISEASE 

e lan. Bailey, M. D.; Robert Burow; Lawrence S.C. Griffith, M.D.; 
p ARTON) Pitt,M.D., The Johns Hopkins Hospital, Baltimore, MD. 
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Be: Rest add exercise thallium 201 myocardial perfusion imaging (MPI) 
Nc ds a sensitive means of detecting significant coronary artery di- 
Aun |. sease (CAD) of >70% stenosis. The value of MPI in detecting the 
by. site and extent of CAD was evaluated in 125 patients with the 

- following schema: 


miedo! A cr (ine LAO 
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* là y patients with isolated left anterior descending (LAD) CAD, 
.22 hada 1 perfusion defect (PD) on MPI involving sites A,D, or G. 
: a 8 patients with isolated right (R) CAD, 7 had PD inval ving sites 
Sas G: or |. In isolated circumflex (Cx) CAD, only 1 of 4 had a PD in 
ad site F. PD involving the apex, sites B,E, and F did not correlate 
Ld Du a particular vessel. Using this data 3 vascular areas (VA) 
were defined: LAD =A,D, or G; R=C or |; Cx =F and the data 
y “analyzed: to determine if patients with single vessel disease (SVD) 
— . could be separated from those with double (DVD) or triple vessel 
= . disease (TVD). Of 31 patients with TVD 18 had PD in 1 VA, 6 in 
i _ 2VA, and 6 no PD. In 56 patients with TVD, 29 had PD in 1VA, 
24 in 2VA, 1 in 3VA, and 2 no PD. Thus the finding of a PD in 
* -.2NA suggests DVD or TVD. A PD in only IVA while providing 
E: localizing data does not exclude PVD or TVD. 
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A HOMOGENE I TY INDEX (HI) FOR 201- -THALLIUM MYOCARDIAL 


. DISTRIBUTION IN CORONARY ARTERY DISEASE (CAD). James W. 
Fletcher, MD; Kenneth E. Walter, MD, FACC; Kathryn 
Witztum, MD; James L. Daly, MS; Fráncis K. Herbig, MS; 

. Robert M. Donati, MD; Hiltrud s. Mueller, MD, FACC. 
Nuclear Medicine and Cardiology Services, St. Louis VA 
Hospital and St. Louis University, St. Louis, Missouri. 


Selective coronary cineangiograms and the regional 
myocardial distribution of 201-Tl were assessed in 6 nor- 
mal patients and 12 patients with single or multi-vessel 
CAD (5502 vessel obstruction). 201-Tl myocardial per- 
fusicn studies were performed at rest and following max- 
imum treadmill exercise. The myocardial distribution of 
201-Tl was evaluated by a computer-assisted regional 
mapping program. Dyshomogeneity in regional myocardial 
perfusion as assessed by 201-Tl distribution was enhanced 
following exercise in patients with CAD and diminished 
following exercise in normal patients. A homogeneity in- 
dex (HI) was developed for rest and exercise 201-TI 
studies and the results compared to stress ECG and angio- 
graphy. The HI correctly classified CAD in all patients 
examined. Patients with single vessel disease (3) were 
clearly separated from those with multi-vessel disease (9) 
and normals (6). The computer derived HI was 11% more 
accurate than simple visual inspection and 17% more ac- 
curate than stress ECG in determining the presence of CAD. 
Comparison of the results of the HI to an angiographic 
index of severity of vessel obstruction revealed a linear 
relationship suggesting that 201-Tl myocardial distri- 
bution accurately reflects degree of vessel disease. In 
conclusion, these results suggest that computer-assisted 
characterization of 201-Tl myocardial distribution im- 
proves detection and quantification of the severity of 
CAD, reflects the degree and severity of vessel ob- 
struction and may approach the accuracy of coronary 


angicgraphy. 


CLINICAL APPLICATION OF INTRACORONARY THALLIUM-201 DURING 
CORONARY ANGIOGRAPHY 

Herman K. Gold, MD; Gerald M. Pohost, MD, FACC; Robert C. 
Leinbach, MD; Leonard M. Zir, MD; Kenneth A. McKusick, MD; 
Robert E. Dinsmore, MD, Massachusetts General Hospital, 
Bostcn, Massachusetts 


Coronary angiography (CA) and intracoronary (IC) injection 
of radiolabelled human albumin microspheres are used to 
evaluate patients (pts) prior to myocardial (M) revascu- 
larization. However, neither technique can define the 
cellular status of nonfunctioning but perfused M segments. 
20171 uptake depends both upon perfusion and M cellular 
integrity, but image quality after intravenous (IV) injec- 
tion is reduced by background uptake relative to M count 
density. Therefore, during routine CA, 1 mCi of ?0lT] was 
giver selectively into the coronary arteries of 15 pts 
with coronary disease with and without history of M in- 
farction. All pts demonstrated perfusion of all major M 
segments. Gated gamma camera images were obtained in an- 
terior and 509 left oblique views. Imaging time for each 
view was 5 mins. In 5 pts, IV 20171 scans were performed 
24 hrs later and compared with IC images. Of 30 segments 
with dyskigesis or akinesis on ventriculograms (Vg), 18 
showed no Tl uptake. Myocardial defects agreed in all 
instances with ECG localization of infarction. Intra- 
cororary and IV scans showed similar patterns but IC image 
quality was superior. Furthermore, wall motion could be 
directly compared to M uptake using IC 20171 since end- 
systclic and end-diastolic images could be obtained by ECC 
gatirg. All M segments showing 20171 uptake were compared 
with the corresponding wall motion in available Vg views. 
Scan and Vg agreed in 56 of 61 segments. In conclusion, IC 
20171 administered during routine CA provides high resolu- 
tion images capable of displaying wall motion and Leen 
fying infarcted myocardium, E 
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THE DIAGNOSTIC VALUE OF STRESS MYOCARDIAL SCINTIGRAPHY 
IN PATIENTS WITH CORONARY ARTERY DISEASE. 

William E. Battle, MD, FACC; David A. Turner, MD, 
Hanumant Deshmukh, MD; Michael A. Colandrea, MD, FACC; 
Ernest W. Fordhan, MD and Joseph V. Messer, MD, FACC, 
Rush-Presbyteria.-St. Luke's Medica- Center, Chicago, 
Illinois. 


This study was undertaken to evaluate the diagnostic 
value of stress myocardial sc'ntigraphy. Forty-five 
betaba (pts) without myocardial infarction had 2mCi of 

OlT] administered during submaximal treadmill stress 
testing (TST) followed by myocaraial scanning.  Accuracv 
of the stress scan (SS) and TST was assessed bv comparing 
them to coronary arteriography (CA). 


ZStenosis on CA 
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Test Negative Positive Positive Ne ative 
S SD 16/16(100) 0/16(0) 19/29(.66) 10/29(.34) 
15/16(.93) 1/16(.06) 21/29(.72) 8/29(.28) 


à 1/16(.06) 25/29(.86) 4/29(.14) 
( ) = 4; t = utilizing SS and TST as a single test and 
interpreting the "test" as positive if either were posi- 
tive and negative only if both were negative. 


The sensitivity (sens) of SS, TST and SS/TST are .66, 
.72 and .86, respectively. These tests produced false 
negativity in 34, 28 and 14 per cent, respectively. Thus, 
combined SS/TST increases sens and decreases false nega- 
tive studies. | 


Nine pts with positive SS had resting scans (6 per- 
formed 4-12 hours after the SS) which were normal. 


Eight pts had stress scans after coronary surgery. The 
post-operative SS reverted from abnormal to normal in 6, 
remained normal in 1 and became more abnormal in 1. 


DIFFERENTIATING FALSE POSITIVE FROM TRUE POSITIVE STRESS 
TESTS BY SINGLE DOSE THALLIUM-201 STRESS-SCANNING 

Timothy E. Guiney, MD; Gerald M. Pohost, MD, FACC; 

George A. Beller, MD and Kenneth A. McKusick, MD, Massach- 
usetts General Hospital, Boston, Massachusetts. 


The false positive exercise test, defined here as reversi- 
ble 1.0 mm horizontal or downsloping ST-segment change ap- 
pearing with exercise and unaccompanied either by angina 
pectoris or demonstrable significant coronary stenoses, 
limits the usefulness of exercise tests both for diagnos- 
is and for screening. 


Thirteen patients with normal ECGs at rest and an appar- 
ently ischemic response to exercise but without angina 
were re-exercised and received 2 mCi of Thallium-20] 
Chloride intravenously one minute before peak exercise. 
Gamma camera images were obtained starting five minutes 
after 201Tl administration in the anterior, 300, 500 

and 709 left anterior oblique projections. Imaging was 
repeated four hours later. Coronary angiography was sub- 
-sequently performed. 


In seven patients, immediate and delayed images were nor- 
mal. In each case, coronary angiography failed to reveal 
Significant lesions. One patient in this group had an 
isolated narrowing of less than 40% of a diagonal branch 
of the left anterior descending coronary artery. Six pa- 
tients had a defect in 20lT] uptake on the early scan 
which filled in by four hours. In each case significant 
disease of one or more major vessels was noted. 


Thus, 201T1 myocardial imaging offers a simple clinical- 
ly effective means of separating patients with apparent- 
ly ischemic exercise responses into those with and those 
-~ without significant coronary narrowing and offers a pos- 
-~ Sible noninvasive solution to the problem presented by the 


patient suspected of having a false positive exercise test. 
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THALLIUM-201 MYOCARDIAL IMAGING AT REST AND MAXIMAL EXER- | 
CISE FOR THE DETECTION CF CORONARY ARTERY DISEASE — | 

Glen W. Hamilton, MD; Gene B. Trobaugh, MD; Kenneth A. 

Narahara, MD; David L. Williams, PhD; James L. Ritchie, 
MD, Veterans Administration Hospital, Seattle, Wash. 


Thallium-201 (201T1) imaging was performed at rest and | 
following maximal exercise in 101 patients (pts) with sus- 
pected coronary artery disease (CAD) who had cardiac 
catheterization. Image and arteriographic data were 
enalyzed independently. In 25 pts with no significant 
CAD (coronary stenosis < 50%), none had resting image 
defects, 1 (42) developed an exercise defect, and 4 (16%) © 
developed exertional ST depression > 1mm. One pt had an be 
EKG Q wave. In 76 pts with significant CAD, 29 (38%) had - 
resting defects, 51 (67%) had exercise induced defects, _ 
19 (25%) had Q waves, and 43 (57%) developed exercise SP 
depression. Seventeen (22%) pts with CAD did not have 
rest or exercise thallium defects - 1 vessel: 8 (42%); 
2 vessel: 7 (212); 3 vessel: 2 (82). Sixty-eight (89%) 
had either ST depression and/or exercise 2917] defect(s). 
- 1 vessel: 14 (74%); 2 vessel: 31 (942); 3 vessel: 23. 
(96%). Rest myocardial image defects (29/76, 38%) were 
more sensitive than ECG Q waves (19/76, 25%) in detect iid 
coronary artery disease (p < .05); at exercise, the pro- 
portion of pts with new image defects was not greater 
than that with exercise ST depression (51/76 [672] vs. 
43/76 [57%], p = NS. The combination of exercise ST de- 33 
pression and/or an exercise image defect (63/76, 83%) | 
exceeded exercise ST depression alone (43/76 [57%], p < aS 
.001). The two procedures were thus complementary; most - 
false negatives occurred in single vessel CAD. Ninety- | 
five percent of pts with 2 or 3 vessel CAD had some m 
or ECG abnormality. 


MYOCARDIAL IMAGING WITH THALLIUM-201 AT REST AND EXER- 

CISE -- A MULTICENTER STUDY: CORONARY ANGIOGRAPHIC AND | 
ELECTROCARDIOGRAPHIC CORRELATIONS pe? 
James L. Ritchie, MD; Barry L. Zaret, MD; H. William 
Strauss, MD; Bert Pitt, MD; Daniel S. Berman, MD; 

Heinrich R. Schelbert, MD; William L. Ashburn, MD; Glen 

W. Hamilton, MD, Veterans Administration Hospital, 

Seattle, Washington. 


A multicenter study of rest and exercise Thallium-201 

01T1) myocardial imaging, including 176 patients (pts) - 
from 5 institutions, was performed. All pts had coronary © 
angiography for proven or suspected coronary artery $i 
disease. Exercise images were obtained following graded 
treadmill or bicycle stress. Images were performed on 4 
different gamma camera models and interpreted by the . 
originating investigator without knowledge of other clin- - 
ical or angiographic data. Among those 139 pts with | 
angiographic coronary stenosis > 50%, image defects were 
present in the rest study in 70 (50%) pts; new or in- 
creased defects following exercise were present in 85 . 
(61%) pts; and rest and/or exercise defects were present 
Image defects in the rest study were more 
common than ECG Q waves (70 vs. 53; p < .007). New exer- - 
cise image defects were more common than exercise ST de- 
pression (82/132 [61%] vs. 57/132 [43%], p « .003). 
Among 37 pts with < 50% coronary stenosis, 2 (5%) had a 
rest, 3 (8%) a new exercise, and 5 (14%) either a rest 
and/or exercise image defect. One of these 37 (3%) had 
an ECG Q wave, and 6/37 (16%) had exercise ST depression. 


We conclude that myocardial imaging enhances diagnostic 
sensitivity in the noninvasive evaluation of coronary 

artery disease. These findings apply to most available 
gamma cameras and to a broad spectrum of image readers. 
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YOCARDIAL / PERFUSION PATTERNS DEMONSTRATED BY THE RAPID 


- SERIAL RESCANNING TECHNIQUE 
A.K. Markov, MD; R.O. Smith, BS; J.R. Galfoqn; MD, FACC; 
P. 


EAE TTE 
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ee 
b H. Lehan, MD, FACC; H.K. Hellems, MD, FACC. UNIVERSITY 
A OF MISSISSIPPI MEDICAL CENTER, JACKSON, MS. 
P 
E To o improve the sensitivity and accuracy of the detection 
EL of coronary artery disease with potassium 43 (43K) imag- 
Es i ing, a rapid serial scanning technique was developed to 
A tect the appearance time and sequence of accumulation 


-of the isotope in the myocardium. A group of 42 patients 
|. underwent myocardial scanning with 45K at rest and after 
Beaded exercise testing. These subjects included nor- 
mals, "patients with angina pectoris, myocardial infarc- 
(X tion, and miscellaneous non-ischemic heart disease. Each 
| patient underwent coronary angiography and left ventricu- 
|  lography and the results were compared. In all patients 
whose. first serial myocardial resting scan, accomplished 
|. in 4.5 minutes after isotope administration, showed de- 

layed regional appearance or accumulation of 43K in the 
E myocardium, there was an angiographically demonstrable 
ie lesion of a coronary artery of 60% or greater. When in- 
S aper lesions in a major coronary artery were identi- 
üt fied, 8 % corresponded to the same angiographic topogra- 
y. Lione qu aneurysms were often demonstrated as 
E sitive images during the first serial scan, while later 
Pe Scans. showed absent myocardial activity. Collateral cir- 
.. culation was demonstrable by serial scans, and when an- 
- giographic evidence of such circulation was available the 
= recipient arterial bed was always correctly identified. 
E. Comparing the results obtained from the rest and exercise 

- scans, the images obtained at rest correlated better with 

(o the angiographic data. The summed 4 serial scans were 

. less accurate than the early individual scans. In con- 
de. "clusion, rapid serial scanning at rest detected coronary 
ES of 60% or greater, collateral circulation, and 
C og ventrAcular aneurysms as positive images. 
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ROLE OF CORONARY THROMBOTIC OCCLUSION AND MYOCARD- 
ARCTION, EVIDENCE OF STEREO-ARTERIOGRAPHY, SERIAL 
E mum AND 25 FIBRINOGEN AUTORADIOGRAPHY. 
| William F.M. Fulton, M.D., F.R.C.P.; David J. Sumner, 
i. D.Phil., University of Glasgow, Scotland. 


E. role of coronary thrombotic occlusion in acute myo- 

= cardial infarction is examined in a prospective clinico- 
| pathologic study. Patients receive l?5I-labelled fibrin- 
‘ogen (RaF) 100 pCi shortly after onset of acute clinical 

E illness. Post-mortem examination includes stereo-arterio- 


pu 
in 
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graphy and serially-mounted 2 mm transverse sections. 
Site and microanatomy of occlusions are correlated with 
4M myocardial damage, intercoronary anastomoses and clinical 
LR data. Incorporation of radiofibrin in thrombi served as 
; a time index and was studied by autoradiography of 2 mm 
i sections. Analysis includes distribution and intensity of 
E radioactivity at each level through occlusive thrombus and 
| ics time interval onset-to-RaF. Occlusive thrombus was 
ex Seen in anatomical relationship to acute infarction in 
rad In all but 7 cases RaF was 
di ore while the circulatory status was good, and usually 
Ru -$-16 hours from onset. By this time, occlusion by thror - 
^ bus was. already complete in 26 cases. Propagation of 
E A thrombus often occurred thereafter. Occlusive thrombus 
E .often formed in two or more stages and/or with intimal 
hemorrhagic dissection. Central occlusive thrombus was 
` radiopositive only in two circumstances: a. RaF was given 
Ey in the course of pre-infarction unstable angina (2 cases) 
Sp. further clinical episodes of infarction occurred after 
E -RaF administration (4 cases). By contrast where ischaemic 
aes had evidently reached its final extent before RaF, 
d . occlusion was also complete, the occlusive thrombus being 
Las | radionegative. The evidence is in keeping with acute 
E thrombotic occlusion as a cause of fatal acute myocardial 
By pod and the shocked state is not & pre-requisite 
-~ of occlusive l enS E S MESE 
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CARDIOGENIC SHOC K: A SYNDROME FREQUENTLY DUE TO 
SLOWLY EVOLVING MYOCARDIAL INJURY 4 -.-« 

Allen L. Gutovitz, MD; Burton E. Sobel, MD, FACC; Robert 
Roberts, MD, Waibingisn University, St. boots: Missouri 


To determine whether the extensive myocardial necrosis leading 
to cardiogenic shock results from sudden myocardial domage or 
accumulates from continuing smouldering i injury, we studied 15 
patients with shock developing within 48 hrs of infarction 

(BP <90/60, pulmonary artery occlusive pressure ? 20 mm Hg, and 
urine output < 20 ml/hr). Eight hod no previous infarction and 
survived for at least 30 hrs. The duration and extent of myocardial 
necrosis was estimated from the magnitude and duration of 
elevated plosmo MB CK activity calculated as the product: (time 
to peak + 25% decline) x (peak MB CK activity). In 11 control 
patients with uncomplicated infarction, values of this index were 
1634 + 412 (SE). Each of 5 other patients with hypovolemic 
shock exhibited values < 1113. In contrast, all patients with 

first infarctions and cardiogenic shock had index values exceeding 
4320, averaging 7050 + 611, primarily because of protracted 
release of MB CK (p < .01 compared to controls). Since shock 
itself does not slow the MB CK disappearance rate in experi- 
mental animals, these results suggest that cardiogenic shock after 
initial infarction in patients surviving for at least 30 hrs results 
from a vicious cycle of impaired ventricular performance and 
progressive destruction of an expanding zone of ischemic 
myocardium. Thus, the time course of continuing necrosis, at 
least in some patients, is of sufficient duration to permit imple- 
mentation of interventions designed to protect ischemic 
myocardium when favorable modification is still possible. 


THE PATHOPHYSIOLOGIC SIGNIFICANCE OF ST AND T WAVE 
ABNORMALITIES IN PATIENTS WITH THE INTERMEDIATE SYNDROME 
Monty M. Bodenheimer, M.D.; Vidy S. Banka, M.D.; George 
A. Hermann, M.D.; Homayoon Pasdar, M.D.; Robert G. Trout, 
M.D.; Richard H. Helfant, M.D., F.A.C.C., Presbyterian- 
University of Pennsylvania Medical Center, Philadelphia, 
Pennsylvania. 


The frequent association of new persistent (»24 hrs) ST-T 
wave changes and the intermediate syndrome without new Q 
waves on the surface electrocardiogram necessitates a 
better understanding of their pathophysiologic signifi- 
cance in this setting. This relationship was evaluated 
in 21 patients with recurrent rest pain (720 min) asso- 
ciated with significant new ST and/or T wave abnormal- 
ities (12 with T inversions >3 mm; 4 with ST depression 
and 5 with ST elevation >1.0 mm in addition to T wave 
changes) at the time of open heart surgery.  Unipolar 
electrograms were recorded from the epicardial surface of 
the left ventricle prior to bypass. In 19 patients, ini- 
tial R waves were seen over areas of the left ventricle 
in which the acute ST and T wave abnormalities had oc- _ 
curred on the surface ECG. Two patients had epicardial 

Q waves (one laterally and one inferiorly). In7 patients, 
a transmural biopsy was also obtained from the ischemic 
area. All showed histologically normal myocardium with- 
out evidence of early inflammatory or necrotic tissye. 

Of the 19 patients discharged, only one demonstrated new 
post-operative Q waves which had been detected by epi- 
cardial recordings prior to bypass. In summary, patients 
with the intermeciate syndrome exhibiting ST and/or T 
wave abnormalities without new Q waves on the surface ECG 
generally do not have either intra-operative epicardial 
or post-operative surface ECG Q waves. In additicn, no 
histopathologic abnormalities are apparent in biopsies 
taken from the ischemic : area. EM 
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PROGNOSTIC VALUE OF MYOCARDIAL LACTATE ANALYSIS IN PRE- 
INFARCTION ANGINA - A 2 YEAR FOLLOW-UP. Paul Walinsky, MD; 
Leslie Wiener, MD, FACC; Hratch Kasparian, MD; Ronald 
Gottlieb,MD,FACC; Peter Duca,MD; Albert Brest,MD, FACC; 
Frances Hanckel, BA; Thomas Jefferson University Hospital 
Philadelphia, Pennsylvania. 

In 46 patients (P) evaluated because of symptoms of pre- 
infarction angina (PIA), coronary angiography and stand- 
ardized analysis of transmyocardial lactate metabolism 
were performed. All P had at least one coronary vessel 
with obstruction» 752. 27P (group A) demonstrated lactate 
production (LP) > 15%. 19P (group B) demonstrated LP < 152 
or lactate extraction. Coronary artery score index (0 = 
no lesions; 10 = complete occlusion all vessels) was 5.50 
in group A, 3,31 in group B. Aorto coronary bypass sur- 
gery (ACB) was not performed at initial hospitalization 
(IH) because of P reluctance or physician choice. In 
hospital (IH), 3 month and long term (average 23.4 mos) 
myocardial infarction (MI) and cardiac mortality (D) 


rates are: IH 3 month 23.4 month 

No. £X MI Z D* Z MI Z D Z MI Z D 

Ac BF y 29.66 "25:9 13 10 16.6 11.6 

B 19 $:25:'0 Suz 0 11.0 9553 
*P « 0,05 


One P in group B experienced a non-cardiàc death at 3 mo. 
Cumulative cardiac mortality was 40.7% in A and 5.2% in B* 
Cumulative myocardial infarction incidence was 51.8% in A 
and 21.1% in B. Following discharge after IH anginal 
Symptoms were classified as follows: 


No. X None X Mild X Moderate Z Severe 
A 16 6.3 37.5 18.7 37.5 
n^ .18 17.6 52.9 17.6 11.8 


Four group A patients with severe angina, none in group B 
ultimately had ACB because of intractable pain. It is 
concluded that the presence of LP > 152% in the clinical 
setting of PIA is an index of poor prognosis. 


MONITORING OF LOCAL MYOCARDIAL PERFUSION AND LOCAL PULSA- 
TILE MYOCARDIAL TEMPERATURE IN CONSCIOUS DOGS. 


R. Shuchleib, M.D., L. Borda, M.D., and P. Henry, M.D., 
Department of Medicine, Washington University, St. Louis, 
Missouri. 


To assess local myocardial perfusion and heat production 
(reflecting metabolism) in the conscious animal we have 
developed a new instrumentation consisting of micro- 

= thermistors (0.D. 17um; thermal time constant «5 ms) and 
low-noise differential thermistor bridges. In 7 dogs, 
thermistors were chronically implanted in aorta (to pro- 
vide reference signals) and in selected regions of the 
ventricular wall, one of which could be made ischemic 
with an occlusive coronary cuff. Bolus injections of sa- 
line (4m1; 229C) via an implanted left atrial catheter 
produced cold signals at the thermistor sites. During re- 
gional ischemia, peak of signals decreased, and their 
appearance and disappearance was delayed in ischemic 
zones, while inverse changes occurred in non-ischemic 
zones reflecting compensatory hyperemia. By including 
tracer microspheres in the injectates and computing flow 
post mortem on the basis of radioactivities surrounding 
each thermistor, a positive correlation between flows by 
the microsphere technique and peak cold signals was ob- 
tained (16 thermistor sites; r=0. 82). Among vasodilators, 
nifedipine increased flows in ischemic zones the most 
(from 20-3 to 48+5 m1(100 gm.min)-l, meantSE; n=11). Mean 
temperature, and peak and contour of pulsatile tempera- 
ture in ischemic zones showed characteristic changes 
which were partly corrected by nifedipine. This micro- 
thermal method permits for the first time pulsatile myo- 
thermal measurements and semi-continuous appraisal of lo- 
cal flow in vivo, and provides a tool for evaluating the 
effects of therapeutic interventions on the ischemic myo- 
cardium. ! 


- ` 
Tii - - ESTA, Aa tac Ha : aS ev s 
ee MT v f > a ‘A. A. " " , 
3 X Ae. e$ Net PEP VED LL OP tts I. ee 





| vw 


* o Pr T JUEZ > a a. ai y AUS » EXWEFLQ ees For a ee - 5 = 
Pa IS Tae m UE je en. c F -€- SNC val ee TRECE A SERE nye 3 m. x Pe IET Le ee. RU AL MEE ATP ids " we me 
i ] e M adi F < Taal Be bch BELA T Vw "m i "YA y MA; y Mw ^ 2 " wd As Se - 


i74 » } 
4 à 


T with 





EXPANSION VERSUS EXTENSION: TWO DIFFERENT COMPLICATIONS | Š 
OF ACUTE MYOCARDIAL INFARCTION | 
Grover M. Hutchins, MD and Bernadine H. Bulkley, MD, The 
Johns Hopkins Medical Institutions, Baltimore, Maryland. 


Precordial ST segment mapping studies have suggested i 
that extension of acute myocardial infarcts occurs in 
up to 80% of patients within 6 days. To determine the 
morphologic nature of extension we studied 76 consecutive 
clinically diagnosed and autopsy proven myocardial in- = 
farcts less than 30 days old. Extension, histologically 
more recent foci of necrosis around an infarct, was found  - 
only in 13 (17%) infarcts. However, "expansion," an d 
acute dilatation and thinning of the area of infarction. . 
without additional myocardial necrosis, was present in 
45 (59%) of the acute myocardial infarcts. Expansion E 
developed 4 to 6 days post infarction and was greater m 
with transmural and first infarcts. Clinically diagnosed 
extension defined by new pain, ST segment elevation, CPK 
rise and increased congestive failure, occurred in 12 

(16%) of the 76 patients. At autopsy these clinical | - 
"extensions" were due to expansion alone in 3 patients, 
extension alone in 3, and to both in 6. 


The study shows that expansion is a common complication - 2 
of acute myocardial infarcts, capable of producing = 
worsened cardiac function through acute left ventricular . 
dilatation, and may mimic or possibly cause extension. AUT 
In contrast, extension with additional myocardial d 
necrosis is an infrequent accompaniment of acute myo- TAA 
cardial infarcts and is usually secondary to hypoper- - 

fusion. Us 
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BENEFICIAL EFFECTS OF HYALURONIDASE ON ELECTROCARDIO- 
GRAPHIC EVIDENCE OF NECROSIS IN PATIENTS WITH ACUTE MYO- 
CARDIAL INFARCTION. Peter R Maroko MD FACC, L David Hillis I 
MD, Luigi Tavazzi MD, James E Muller MD, Guy Heyndrickx 

MD, Marina Ray MD, Massimo Chiariello MD, Alessandro | i 
Distante MD, Jorge Salerno MD, Jacques Carpentier MD, 1 
Joseph Askenazi MD, Paulo Radvany MD, Peter Libby MD, re 
Piero Bobba MD, Eugene Braunwald MD FACC. Peter B Brigham 
Hosp, Harvard Med Sch, Boston MA and cooperating hospi- 
tals. 

Hyaluronidase(H) markedly reduces the size of infarc- ——— 
tion following coronary occlusion in experimental animals. 
when examined both during the necrotic phase(1-2 days) or 
after completion of scar formation(3 weeks). This effect 
and the drug's low toxicity led to its initial evaluation 
in patients(pts) with acute MI who showed a faster reso- | 
lution of ST segment elevation in H-treated pts than in d 
nontreated(NT) ones. In the present cooperative, random- 
ized study, 40 pts with MI of less than 8 hrs duration 
received H(500 NF units/kg iv q 6 hr for 48 hrs) follow- 
ing the recording of the first 35 lead precordial map 
while 40 others were NT. The fall in the sum of R wave 
voltage(ZR) in one week in precordial leads with ST seg- 
ment elevation > 0.15mV in the admission ECG was 70.6*3.74 
in the NT pts as compared to 55.955.072 in the H-treated 
(p<.01). The development of electrocardiographic signs of 
necrosis was also assessed by a scoring system (0=normal 
QRS; 1=R wave fall? 50% and2 0.2mV; 2-QR with QSR and QÈ- 
2mm in depth and 0.04 sec duration; 3=QR with Q>R, and 4= 
QS). A change in score by »1 in 7 days occurred in 73.0* — 
4.2% of sites in the NT group, but only 59.9+4.7% in the — 
H-group(p<.025). A change in score by 22 occurred in 59. 3t 
5.1% of sites in the NT group and in 45.9+5.4% in the H- 
group(p<.05). Thus, early hyaluronidase administration to E 
pts with acute MI resulted in development of fewer elec- 
trocardiographic signs of myocardial necrosis. 


| February 1977 The American Journal of CARDIOLOGY Volume 39 - 923. 
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CORONARY ARTERIOGRAPHY IN ACUTE TRANSMURAL MYOCARDIAL 
INFARCTION 

M.E. BERTRAND, M.D., A.G. CARRE, M.D., J.M. LEFEBVRE, M.D. 
C.L. LAISNE, M.D., J.P. LEKIEFFRE. Service de Cardiologie 


_ Université de Lille, Lille, France. 


A prospective study was performed to investigate the coro- 
nary arterial patterns associated with acute transmural 


|. myocardial infarction (M.I.) with the hope of detecting 


surgical seymental lesions of the coronary arteries. The 
time from the onset of acute infarction to coronary arte- 
riography (C.A.) averaged 16 days (t3) (range 7 to 21 
days). 76 patients (pts) aged from 31 to 68 years (mean 
51 yrs) were studied. The location of M.I. was anterior 


M (A.M.I.) in 29 pts and diaphragmatic (P.M.I.) in 47 cases 


C.A. was performed without complication in all cases. 


Only 41% of pts with A.M.I. had total occlusion of left 
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"their discharge fom the hospital. 
` lesions suitable for direct coronary artery surgery were 
- present in 54% of pts and there is great need to protect 
^ these pts from further M.I. 


B) ASP was not increased during pacing. 
. Groups A (124 + 7 mmHg) and B (134 + 2 mmHg) was not sig- 


(less than 10%) was 85% in group A pts and 51% in group B 


anterior descending while 17 (59%) had only a significant 
stenosis with a good distal runoff. A single vessel invol 


. vement was observed in 24% of pts but 52% of pts had two 


lesions and 24% had three lesions. Among the 47 pts with 
P.M.I. the lesicns of right coronary artery (R.C.A.) was 
most otten (68%) responsible of the P.M.I. but in 10 cases 
(21%) left circumflex artery (L.C.A.) and R.C.A. were both 
responsible.  L.C.A. was frequently involved (81%) and 
totally occluded in 19%. 7 pts (15%) had only a single 
vessel disea.e but 47% had two vessels involved and 38% 
of pts had three lesions. 79% of pts with A.M.I. and 45% 


of pts with P.M.I. had no collateral vessels supplying 
_ the area of infarction. 
|. (60%) with P.M.I. bad surgically suitable lesions. 
^ "study demonstrates that C.A. can be performed routinely 


13 pts (45€) with A.M.I. and 28 
This 


without serious risk in pts with acute M.I., prior to 
Coronary arterial 


. THE ROLE OF MYOCARDIAL ISCHEMIA IN PACING INDUCED ELEVA- 
. ‘TION OF ARTERIAL PRESSURE 


Rolf Gunnar, MD, FACC; Robert Croke, MD, FACC; James 


. Talano, MD, FACC; Henry Loeb, MD, FACC; VA Hospital, Hines 


and Loyola University Medical Center, Maywood, Illinois 


Elevation of arterial pressure frequently precedes spon- 
taneous angina. 
_ dynamic response during atrial pacing is unclear. 
atrial pacing to a heart rate of 160/min or to chest pain 
M was performed in 90 patients (pts) being evaluated for 

^. coronary artery disease. 
M systolic pressure (ASP) during pacing was increased (25% 


However, the significance of this hemo- 
Rapid 


In 13 pts (group A) arterial 


or more above control) and in the remaining 77 pts (group 
Control ASP for 


nificantly different (NS) (p > .05). During pacing chest 
pain and ST segment depression > .1 mv occurred in all 
group A pts and in 88% and 76% respectively of group B 
Incidence of abnormal myocardial lactate extraction 


(p < .05). Significant obstruction (70% or greater) of a 
major coronary vessel was found in all 13 group A pts and 
in 69% of group B pts (p < .05). Sixteen pts without 

significant coronary disease had chest pain during pacing, 


Aes but, of these pts, none had coincident elevation of ASP. 


T Conclusion: 


Elevation of arterial pressure during rapid 


. atrial pacing is highly suggestive of major coronary 


obstruction and myocardial ischemia. Since in the absence 


of significant coronary disease pacing related chest pain 


was never associated with increased arterial pressure, 
myocardial ischemia may be more important than pain per se 


eae determining this hemodynamic response to rapid atrial 


rå 
Ana — eè 


' pacing. 
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ASSOCIATION OF SECUNDUM ATRIAL SEPTAL DEFECT AND ATRIO- 
VENTRICULAR NODAL DYSFUNCTION: A GENETICALLY TRANSMITTED 
SYNDROME 

Barry J. Maron, MD; Jeffrey S. Borer, MD; Sun H. Lau, MD; 
Anthony N. Damato, MD; Lewis P. Scott, MD, FACC; Stephen 
E. Epstein, MD, FACC, National Heart, Lung, and Blood 
Institute, Bethesda, Md. 


Secundum atrial septal defect (ASD) occasionally may be 
transmitted as an autosomal dominant trait. Pts with this 
entity often demonstrate evidence of conduction system 
abnormalities by ECG. In order to define the nature of 
the conduction system disease in such pts with ASD, we 
studied a family in which 5 closely related members in 3 
generations demonstrated the combination of ASD, syncope, 
and first and/or second degree atrioventricular (A-V) 
block (with normal duration QRS) by ECG; 3 of these 5 pts 
had received permanent pacemakers. Three other relatives 
without syncope had conduction abnormalities on ECG, in- 
cluding 1 pt with an ASD. Three of the 8 affected family 
members were studied with His bundle electrograms; 2 had 

a history of syncope preceding operative closure of an ASD 
and 1 had no history of syncope or ASD. All 3 pts had 
first degree A-V block by ECG. At His study, all had 
markedly prolonged A-H time (which improved with atropine, 
normal H-V time, absent V-A conduction, prolonged A-V node 
refractory periods and mildly prolonged SA node recovery 
times. The distal conduction system was normal. There- 
fore, both secundum ASD and intrinsic A-V nodal disease 
may be transmitted as autosomal dominant traits, and may 
occur together or separately in members of tHe same 
family. The occurrence of syncope in such pts is probably 
explained by conduction delays due to intrinsic A-V nodal 
disease that may be potentiated by transient increases in 
vagal tone. Distal conduction system disease does not 
appear to be implicated in this syndrome. 


THE NATURAL HISTORY OF CHRONIC SECOND DEGREE A-V NODAL 
BLOCK 

Fernando Amat-y-Leon, MD, FACC; Ramesh Dhingra, MD, FACC; 
Pablo Denes, MD, FACC; Delon Wu, MD, FACC, Christopher 
Wyndham, MD; Kenneth Rosen, MD, FACC, University of Illi- 
nois, Chicago, Illinois. 


There is no previous prospective data concerning the clin- 
ical significance of chronic second degree A-V nodal block 
in the adult. In this study, we report 34 consecutive pa- 
tients (pts) with 2? A-V nodal block, detected, studied, 
and follcwed since January 1970. Pts fulfilled the fol- 
lowing criteria: 1) Electrocardiographic documentation of 
chronic recurrent 29 A-V block, 2) Documentation of site 
of block proximal to H with His bundle recordings, and 3) 
Prospective follow-up in a conduction disease clinic. 


Fifteen of the pts, ages 18 to 86 (mean + SEM 43 + 6), had 
no demonstrable organic heart idsease (OHD). QRS complexes 
were narrow in 14 and one pt had bundle branch block (BBB). 
Follow-up ranged from 100- 3,542 days (mean 1157 + 244). 
No pt had symptoms necessitating permanent pacemakers 
(PMR). Three pts died of non-cardiac causes. 


Nineteen pts, ages 26-87 (67 + 3), had diagnosable organic 
heart disease. Eleven pts had narrow QRS complexes and 8, 
BBB. Follow-up ranged from 80 - 1796 days (mean 795+ 113). 
Five pts required PMR's on days 9, 26, 58, 77, and 732 of 
follow-up, four for heart failure (CHF) and one for syn- 
cope. Five pts died (four with CHF and one sudden). 


In cenclusion, chronic 2° A-V nodal block is relatively 
benign. PMR's, if needed at all, will usually be necessary 
only in pts with OHD, and usually because of heart 
failure. 





EFFECTS OF CALCIUM CONCENTRATION ON ATRIOVENTRICULAR CON- 
DUCTION IN ISOLATED RABBIT HEARTS 

Yoshio Watanabe, MD, FACC, Fujita Gakuen University 
School of Medicine, Toyoake, Japan 


.In view of the various evidence suggesting dependence of 
A-V nodéi action potentials on slow inward currents main- 
ly carried by calcium, the effects of altered extracel- 
lular calcium concentrations, or [Ca],, on A-V conduction 
were studied in isolated rabbit hearts perfused with a 
constant coronary flow. [Ca], and the concentration of 
potassium, [K],, in the control perfusate were 2.4 and 
4.5 mM, respectively. The preparation was electrically 
driven at a -onstant rate and transmembrane action poten- 
tials of the A-V junctional fibers were recorded with 
flexibly mounted microelectrodes, together with a direct 
recording of the His bundle electrogram. When [Ca]o was 
lowered to 0.8 mM, intranodal conduction time as measured 
by the A-H interval of the His bundle records was slightly 
prolonged. Elevation of [Ca], to 4.8 or 7.2 mM also cau- 
sed significant prolongation of the A-H interval, often 
culminating in failure of propagation within the A-V node, 
while the stimulus-to-A interval (intraatrial conduction 
time) and the H-V interval (His-Purkinje conduction time) 
were affected only slightly. Such depression of intra- 
nodal conduction by high [Ca], was antagonized by high 
[Klo (7.- mM). Verapamil ‘0.5 mg/L) similarly caused a 
second degree intranodal block. Subsequent elevation of 
[Na], from 145 to 172 mM in the presence of verapamil re- 
stored a 1:1 conduction. These results suggest that an 
optimum [Ca], appears to be present for intranodal con- 
duction, and increased [Ca], alone may not necessarily 
enhance conductivity in fibers showing slow responses. 
Possible role of Na current is also suggested. 


TOTALLY NON-INVASIVE BEDSIDE RECORDING OF THE HUMAN HIS 
BUNDLE ACTIVITY FROM THE PRECORDIUM. 

Waldemar J. Wajszczuk, M.D., F.A.C.C.; Mariusz J.Stopczyk, 
M.D.; Tadeusz Palko, PhD; Melvyn Rubenfire, M.D.,F.A.C.C. 
Sinai Hospital and Wayne State University, Detroit, Mich. 


A clinical method for noninvasive external recording of 
the His bundle activity (E-HBA) and portable instrumenta- 
tion are described. Three standard ECG monitoring elec- 
trodes are applies over the precordium. High-gain amplif- 
ication (x10?), filtering (30-300 Hz), pre-memorizing and 
averaging of the recorded signal (from 128 to 256 consec- 
utive cycles) is used to allow extraction of the low in- 
tensity signal from the random noise. Triggering is ob- 
tained from patient's own QRS with filter setting 10-30 
Hz to improve the stability of the triggering point. The 
QRS-triggered digital memory system has a capability of 
temporarily storing the signal during adjustable time 
period prior to the QRS. The final recording is instan- 
taneously displayed on the oscilloscope and photographed 
with a polaroid camera. The equipment is mobile and can 
be operated by a technician. Excellent correlation was 
obtained with direct internal His bundle recording in 
patients (pts.) and in experimental animals. E-HBA was 
studied in 100 consecutive pts. undergoing cardiac cath- 
eterization and pacemaker clinic pts. Adequate recordings 
were obtained in 90% of pts. Usually several deflections 
were recorded: the largest corresponding to His spike 
(30-50 msec before QRS with 0.5-4.0 pV amplitude and 6-20 
msec duration) and subsequent smaller deflections likely 
related to the activity of His and/or Purkinje branches 
(10-20 msec before QRS). Currently the value of the non- 
invasive method appears to be for studies of the atrio- 
ventricular conduction abnormalities and their natural 
history, where it may decrease the need for invasive HBA 

| recordings . 

-: vase) Mo UE SE 1319 577377. 1. Ur rdi 


~ 


LEE eS Le In" 


FUERANT 
Tra ee 


Yas ANON 


sine Ais PENNE 





AN EVALUATION OF THE APPLICATION. OF MEMBRANE RESPONSIVE- 
NESS TO CONDUCTION VELOCITY 
Jack P. Bandura, PhD, MD, and David I. Smith, BA, 
University of Tennessee, Memphis, Tennessee 


The relationship between "membrane activation voltage" 

(MAV) and the maximum upstroke velocity (Vmax) of the 
transmembrane potential (TMP) has been referred to as mem- — 
brane responsiveness (MR). Along with action potential 
amplitude (APA), magnitude of reversal during phase U de- 
polarization, and Vmax, MR has been utilized as an index 

of cellular reactivity and conduction velocity (CV). How- 
ever, when activation time (AT), measured as the time be- . 
tween stimulus artifact and onset of TMP, is also used as 
a determinant of CV, a discrepancy develops between AT and - 
MR in their relationship to CV. This is most apparent  . 
when pharmacologic agents are infused into an isolated .  . 
tissue bath, while the tissue's TMP is followed over the . 
time of infusicn. Canine Purkinje fiber (false tendon) ; 
preparations, stimulated at 90 pulses/min were perfused 
with normal Tyrode solution (36°C., K=4.0 EG? Ys Pants 
ing Acetylstrophanthidin (1.0x1077M), Lidocaine (1.0x . 
1075M), or an elevated K concentration (8-10 mEq/1). With - 
respect to the stimulating electrode, proximal and distal 
TMPs were recorded. The results demonstrated decreases in . 
MAV, APA, and Vmax. However AT was minimally affected 
until a critical point of 70 to 75 mV MAV and 200-300 . 
V/sec Vmax was reached. AT then abruptly became pro- Aa 
longed, often with the development of delay or block. In | 
some preparations the change in AT occurred suddenly, sug- . 
gesting that transmission delay, as well as block, de- | 
velops as a critical response rather than gradually occur- — 
ring in a decremental fashion. We conclude that changes . 
in the TMP parameters (MAV and Vmax), responsible for the — 
determination of MR, provide unreliable indices for the — . 
evaluation of CV unless premature responses are measured. - 
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INEXCITABLE RIGHT VENTRICLE. AND BILATERAL BUNDLE BRANCH 
BLOCK IN UHL'S DISEASE, Maurice Lev, MD, FACC; David A. ~ 
Ciraulo, MD; Michael Bilitch, MD, FACC; Kenneth M. Rosen, . 
MD, FACC; Saroja Bharati, MD, Hektoen Institute for Medi- - 
cal Research, Chicago, Illinois. } 


Uhl's disease consists of partial or complete replacement . 
of the myocardium of the right ventricle (RV) by fibro- 
elastic and adipose tissue, with a normal tricuspid and 
pulmonic valve. The patient was a 29 year old female — 
with a history of right ventricular failure. She devel- 
oped Stokes-Adams attacks.  Electrocardiograms revealed 
complete A-V block characterized by an atrial rate of 120 
(with marked right atrial enlargement), a ventricular 

rate of 45/minute with narrow QRS complexes (QRS duration 
of 0.08 seconds) with QS complexes in lead I and AVL, and 
poor R wave progression across the precordium. His (H) 
bundle recordings revealed complete block distal to H re- . 
cording site witha normal A-H of 80 msec. Right ventric- 
ular capture could not be obtained either from the endo- 
cardium or epicardium. Despite successful left ventric- 
ular epidcardial pacing, the patient expired with pro- 
gressive hypotension. Post mortem examination revealed 
absence of myocardium in most areas of RV and the right 
side of the ventricular septum (VS) as well as almost 
complete absence of myocardium in the summit of the VS. 
Serial section of the conduction system revealed a normal 4. 
His bundle with complete fibroelastic replacement of the  - 
right bundle branch (RBB) and almost complete replacement | 
of the left bundle branch (LBB). The following new ob- ` 
servations can thus be made from this case: 1) Uhl's 
disease may involve not only the parietal wall of RV, but - 
the entire RV and the ventricular septum resulting in RV 
inexcitability, 2) Uhl's disease may produce bilateral 
bundle branch block (BBBB), 3) the BBBB may be character- 
ized by narrow QRS complexes because of absent right - 
ventricular forces. ! CE 
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THE EFFECT OF DIGITALIS ON REFRACTORINESS OF THE INTACT 
CANINE HIS-PURKINJE SYSTEM 
Joseph A. Gomes, MD, FACC; Anthony N. Damato, MD; Gustavus 


A. Bobb, MS; Sun H. Lau, MD, Cardiopulmonary Lab, USPHS 


- Hospital, Staten Island, N. Y. 
" Whether therapeutic (T) doses of digitalis (D) has any ef- 
fect on refractoriness (Ref) of the intact His-Purkinje 


system (HPS) has not been established. Since the effect of 


D on the atrioventricular node precludes the determination 


re of HPS Ref, direct stimulation of the bundle of His was 


performed to overcome thís limitation. The effect of D on 
effective (E), functional (F) and relative (R) refractory 


ds periods (RP) was studied in 11 open-chested adult mongrel 
< dogs (10-18 kg) during control (C) and 15, 30 and 60 min- 


utes (min) following .012-.016 mg/kg of intrávenous oua- 
bain using the plunge wire technique. In all dogs, 24 
basic cycle lengths (BCL) during His bundle pacing (S181) 
were scanned with premature stimulus to the bundle of His 
(S2)at decreasing S182 intervals before and after the drug. 


^. Following TD at all BCL (416-119 msec,range 700-250) test- 


^. ed, the ERP increased at 15 min (204451 vs 196443 msec, p 
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- eant at shorter BCL (339454 msec, 


. did not significantly change over 60 min. 
"suggest that: 1) TD increases ERP of HPS; 2) the increases ` 
in RP although of statistical significance are of small 

` magnitude and manifest at longer BCL; 3) His extrastimulus 
method is useful in studying HPS Ref in the intact heart. 


ry 


/«.025), 30 min (204+50 vs 196443 msec, p <.01) and 60 min 


(207455 vs 196443 msec, p <.025). The FRP and ERP did not 


significantly change at 15 and 30 min but increased at 60' 
~ min (244462 vs 235453 msec, p <.025) and (244468 vs 232+ 


.54 msec, p <.025) respectively. The ratio of RRP/ERP de- 
creased at 30 min (1.15+.07 vs 1.18*.11, p <.05) as com- 
pared to C. Increases in RP were greater at longer BCL 

(54477 msec, range 700-450) but variable and insignifi- 

range 400-250). In an- 
other 3 dogs (9 BCL tested) who did not receive D HPS Ref 
These findings 
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i SIMULATION OF FASCICULAR BLOCK BY ELECTRICAL PREEXCITATION 


~ OF THE OPPOSITE FASCICULAR AREA. 
Hi R.M.. Schuilenburg, MD, D. Durrer, MD, FACC, Dept. of Car- 


by the left bundle branch are based on clinico-pathologic cor- 
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pem 110 msec) could be produced by preexcitation of the 


UpAuEBy, Wilhelmina-Gasthuis, Amsterdam, The Netherlands. 


' Electrocardiographic criteria of fascicular block (FB) of 


relations and on transsection studies in the experimental 
eamas In this study it was tried to test the validity of 
< these criteria by a stimulation technique. Conduction de- 
bio in one fascicle of the left bundle branch was simula- 
- ted by electrical preexcitation of the area of left ven- 

= tricular muscle activated by the other fascicle». In three 
| patients, in whom the QRS complex had a normal duration 

` and configuration with an intermediate mean electrical ax- 
is, the right atrium was stimulated regularly, A bipolar 


. catheter was positioned in the midst of the area of the L 


x 


entricle fed by the posterior fascicle (postero-inferior 


à Cice After each atrial stimulus a stimulus was appli- 


ed through this catheter. The coupling interval between 
"the tuo stimuli was shortened uith steps of 5 msec and the 
effect of this shortening on the QRS morphology in the ex- 
pony and precordial leads was noted. This sequence was 
repeated yith the catheter located at an antero-superior 
.mid-wall position (midst of the anterior fascicular area). 
In all 3 patients the pattern of left anterior FB (deve- 
lopment of qR in lead I and rS in II and III, left axis 
deviation to less than -30 , uith QRS duration not excee- 


` left posterior fascicular area 10 to 25 msec prior to the 


te 


3 


_ expected onset of QRS, while a typical left posterior FB 
< pattern (rS in 


» GR in II and III, right axis deviation 


to more than 90 ) uas found on preexcitation of the left 


| anterior fascicular area 10 to 20 msec prior to the expec- 


‘ted onset of QRS. These findings suggest that the clini- 


cally accepted ECG criteria of FB may indeed result from 


~ delay or block of fasciculo-ventricular conduction. 
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DEMONSTRATION OF LONGITUDINAL DISSOCIATION IN THE HIS 
BUNDLE 

O.S. Narula, MD, FACC; J.W. Linhart, MD, FACC; The Chicago 
Medical School, North Chicago, Illinois 


Data in ten patients age 36-76 years, who demonstrated 
longitudinal dissociation in the His bundle are presented. 
Standard ECG showed left bundle branch block (LBBB) with 
normal axis (5 pts.), LBBB with left axis deviation (LAD) 
in 4 pts. and isolated LAD (1 pts.). ORS duration was 
120 msec. in all except the patient with isolated LAD 

(80 msec.). BH recordings were performed. The P-R, P-A 
and AH intérvals were normal in all. H-V intervals 
ranged from 40 to 70 msec. (mean 51). In each pt. selec- 
tive BH stimulation at different sites via the right heart 
was performed. In all 9 pts. with LBBB, stimulation of 
the proximal BH resulted in a QRS complex similar to that 
during sinus rhythm and the pacing impulse to QRS (PI-R) 
interval was equal to the control H-V. In these 9 pts., 
stimulation of the BH at a site slightly distal to the 
ini-iál BH site caused abolition of LBBB, normalization 
of -he QRS duration (80 msec.); in association with the 
normalization of the QRS the PI-R decreased by 5-20 msec. 
as compared to the control H-V or the PI-R during 
proximal BH stimulation. In the patient with isolated 
LAD, BH stimulation caused a normal axis with a PI-R of 
40 msec. These data suggest: 1) That in man longitudi- 
nal dissociation does occur in the BH but only in the 
distal and not the proximal BH. 2) Its occurance in 

10 cf 600 cases during the last six years suggests it 

to be an uncommon event. 
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VARIANT ANGINA: CORONARY ATHEROSCLEROSIS 
PM 


1:45 to 4:00 


METHACHOLINE PROVOCATION OF PRINZMETAL'S VARIANT ANGINA 
PECTORIS (CORONARY ARTERY SPASM) 

John M. Stang, MD; Albert J. Kolibash, MD; Charles A. 

Bush, MD. The Ohio State University College of Medicine, 

Columbus, Ohio. 

Methachcline 10 mg was administered subcutaneously to 
eight patients (pts) in an effort to induce, by choliner- 
gic stimulation, the features of the Prinzmetal syndrome. 
Two pts had unequivocal Prinzmetal's variant angina pec- 
toris. Six control pts all had chest pain thought to be 
inadequately explained by coronary anatomy and poten- 
tially attributable to coronary spasm. Within three min- 
utes after methacholine, all eight pts demonstrated 
facial flush, sialorrhea, tachycardia, and varying de- 
grees of hypotension. As a delayed phenomenon, beginning 
in the fifth and culminating in the 11th minute post- 
methacholine, both Prinzmetal pts exhibited replicas of 
their spontaneous episodes (pain, ST segment elevation, 
and arrhythmia or atrioventricular block) with spastic 
nitrate-reversible amputation of otherwise minimally 
narrowed left and right coronaries respectively. Atropine 
pretreatment prevented both the early muscarinic effects 
of methacholine as well as the delayed appearance of 
Prirzmetal attacks and spasm; hence, nicotinic provoca- 
tior was unlikely. None of the control pts developed 
Prirzmetal episodes; three studied angiographically 
during methacholine administration failed to develop 
coronary spasm. 

These data illustrate the ability of methacholine to 
distinguish the true Prinzmetal patient from those with 
non-Prinzmetal chest pain. That spasm is the manifest 
cause of Prinzmetal angina is reiterated. Methacholine- 
induced hypotension is known to elicit a reflex sympa- 
thetic hypothalamo-adrenal response. The delayed appear- 
ance of induced spasm strongly suggests mediation via this 


indirect reflex mechanism rather than a direct neuronal * 
parasympathetic-sympathetic interaction. 
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ROLE OF THE ERGONOVINE TEST IN THE DIAGNOSIS OF SYNDROMES 
PRODUCED BY CORONARY ARTERY SPASM 

Fred Heupler, MD; William Proudfit, MD; Mehdi Razavi, MD, 
FACC; and William Sheldon, MD, FACC. 

Cleveland Clinic, Cleveland, Ohio. 


Ergonovine maleate (EM) was evaluated as a provocative 
test for coronary spasm in 100 patients (pts) with normal 
or mildly abnormal coronary arteriograms, i.e. less than 
50% narrowing of arterial diameter. After coronary arteri- 
ography, EM was given I.V. as a bolus in doses of 0.1 to 
0.3 mg. EKG and coronary arteriograms were then repeated. 
A positive EM response was defined as the development of 
more than 75% narrowing of a major coronary artery, or an- 
gina with ST segment elevation, or both within ten minutes 
after EM. All patients were separated clinically into 4 


major groups: 

Group # D Response to EM 
I  Prinzmetal Positive 12/13 
II Control egative 15/15 
III Atypical Pain egative 69/70 


IV Miscellaneous Tae Eg Positive 2/2 
The ergonovine response was negative in all 6 pts in 


group III who had a documented transmural myocardial in- 
farction (TMI). One patient in group I with a TMI and 
Prinzmetal's variant angina had a positive response. Three 
pts in group I and one in group IV developed angina associ 
ated with ST segment depression during coronary spasm. 

The EM provocative test is a highly sensitive and specif- 
ic method for reproducing attacks of clinically signifi- 
cant coronary spasm. It should be used with caution and 

only in pts with no fixed severe coronary artery obstruc- 

. tions. Coronary spasm in pts with normal or mildly abnor- 
mal coronary arteries can produce at least several clin- 
ical syndromes, of which Prinzmetal's variant angina 
appears to be the most common. 


CLINICAL SYNDROME OF VARIANT ANGINA WITH NORMAL CORONARY 
ARTERIOGRAM. Manly Langston,M.D., Charles Ruggeroli,M.D., 
Keith Cohn,M.D., Arthur Selzer,M.D., Div. Cardiol. Pacific 
Med. Center, SF, Calif. A series of 29 cases of variant 
angina (ST segment elevation during ischemia), supple- 
mented by 18 cases collected from literature was analyzed, 
comparing pts with normal coronary arteriogram (Group I) 
with those showing obstructive coronary lesions (Group 
II). Among differences between the two groups were the 
following: effort angina 0/27 in Group I, 15/20 in Group 
II (p« 0.001); repetitive attacks of more than one yr. 
duration: I-17/27, II-0/20 (p«0.001); old myocardial in- 
farction I-0/27, II-6/20 (p«0.01); S-T elevation during 
pain in inferior leads: I-19/27, II-h/20 (p«0.001); 
bradyarrhythmias during pain: I-11/27, II-0/20 (p <.001); 
and ventricular tachyarrhythmias: I-6/27, II-20/20 

(p ¢0.05). Thus, those with normal arteriograms had re- 
current ischemic attacks of long duration, more often af- 
fecting the inferior leads, whereas those with coronary 
atherosclerosis manifested recent accelerating angina, 
frequently localized anteriorly. A benign course was the 
rule in Group I, while pts in Group II showed features of 
intractable unstable angina, impending myocardial infarc- 
tion which was life-threatening unless averted by surgical 
therapy (3/7 unoperated pts died). Variant angina with 
normal coronary arteriograms therefore was found to be a 
well defined clinical syndrome, presumably unrelated to 
atherosclerosis, with a relatively benign prognosis. 





STATUS OF THE CORONARY ARTERIES IN THE NEPHROTIC 
SYNDROME: ANALYSIS OF 20 NECROPSY PATIENTS AGED 15 TO 35 
YEARS TO DETERMINE IF CORONARY ATHEROSCLEROSIS IS 
ACCELERATED 

R. Charles Curry, Jr., MD; William C. Roberts, MD, FACC, 
National Heart, Lung and Blood Institute, Bethesda, Md. 


Since 1935, several reports have hinted that coronary 
artery (CA) atherosclerosis may be accelerated in 
patients with the nephrotic syndrome (NS). Because this 
acceleration has never been established, the status of 
the 4 major extramural CA's in 20 patients (aged 15 to 
35 years [avg 24]) with the NS were compared to those in 


14 control subjects (aged 20 to 39 years [avg 29]). At - 


least 10 cm (avg 14 cm) of the 4 major CA's were examined 
by histologic sections in all 20 NS patients and in the 
l4 controls. The lumens of 1 or more of the 4 major CA's 
were narrowed > 75% in cross-sectional area in 8 (40%) of 
the 20 NS patients and in none of the 14 control (p < 
0.05%). This difference in degree of CA disease was even 


more striking when the percent of narrowing in the entire 


CA tree was examined: of the 290.5 cm of CA examined in 
the 20 NS patients, the lumen in 88 cm (30%) was > 50% 
narrowed in cross-sectional area, whereas of 288 cm of CA 
examined in the 14 controls, the lumen in only 5.5 cm 
(22) were narrowed to this degree (p < 0.01). Although 
thecause of the accelerated CA atherosclerosis in our NS 
patients is uncertain, hypercholesterolemia, systemic 
hypertension, corticosteroid therapy and increased 
clotting tendencies probably all contributed to this 
acceleration. 


RELATIONSHIP OF ANGIOGRAPHIC PROGRESSION OF CORONARY 
ARTERY DISEASE AND NEW MYOCARDIAL INFARCTION. 
Edward Murphy, MD; Josef Rosch, MD; Shahbudin Rahimtoola, 
MD; FACC; Univ of Ore Hlth Sci Center, Portland, OR. 

77 patients(pts), aged 35 to 67 years(yrs), had sequen- 
tial coronary angiograms at intervals of 7 to 96(mean 29) 
months. No pts had cardiac surgery. The coronary arteries 


v. Ram EER TW 7 gry "e Tem, E LEUR ZUM. PETT 2X 5 ra” A, > nR SN L^ eite di 
A ABSTRACTS | 


“4 


E 


(CA)were divided into 15 segments. Grades were assigned to . 


individual stenoses(basis of 0-6), collaterals(0-3)and 
risk factors for CA disease(0-5). New MI were identified 
by ECG changes + typical history and/or enzyme changes. 


18 new total occlusion(TO)occurred in 18 of 77 pts(232), 


average (avg)9.5%/yr. 13 pts(17%)had new MI, avg 7%/yr. 

Of 18 TO: 10(56Z)had MI in area of occluded CA, 1 pt with 
previous inferior MI occluded right CA but had an antero- 
septal MI, 3 pts had previous MI in region of new TO, 4 
pts had no previous or new MI. Of 11 pts with new MI and 


TO, only 7 had collaterals whereas all 7 pts without new | 


MI had collaterals, in 5 the collaterals were extensive. 
The difference in collateral score between those with new 
MI(0.8*0.2,mean*SE)and no new MI(2.6*0.3)was significant 
(p<.05). 3/11 pts with new MI had severe distal disease. 
There was no significant difference in amount of total CA 
disease,duration of follow-up,risk factor score,or risk 
factor change in those with or without new MI's. 

2 additional pts had MI in areas without TO. Each had 
non-transmural MI,extensive CA disease,absent or slight 
collaterals,distal disease and previous MI. 

All pts with new MI and TO had a reduction of ejection 


fraction(EF)from 0.58+.03 to 0.44+.07(p<.025), while EF in . 


those without new MI changed from 0.53+.03 to 0.56+.03. 


In conclusion: 1) incidence of new TO was 9.5%/yr and’ of.- 


new MI was 7%/yr; 2) only 56% of new TO were associated © 


with recognizable new MI; 3) pts with new TO and extensive 


collaterals did not develop MI; 4) MI without TO were 
associated with severe,diffuse disease; and 5) new MI. re- 
sulted in impairment of left ventricular function. 
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EA PROGNOSTIC SIGNIFICANCE OF NORMAL CORONARY ARTERTES AND 
/.. MILD CORONARY ATHEROSCLEROSIS 

(. Beaudouin Marchandise, MD; Martial G. Bourassa, MD, FACC, 
TE Montreal Heart Institute, Montreal, Quebec, Canada. 


vee Peewee July 1966 and July 1976, 44 patients (pts) with 
| mormal. coronary arteries (NCA) or nonsignificant coronary 
"- Sept qun (NSD) documented on a first coronary angiogram 
z | (ANG) underwent a second ANG. The interval between stu- 
dies was 13 to 104 months (mean: 42 months). The indica- 
-tion for the first ANG was typical or atypical anginal 
Wesen The second ANG was done because of persistence or 
Es recurrence of chest pain. The pts were divided into 2 
Es 'oups according to the results of the first ANG. Group 
included 20 pts with NCA (7 males and 13 females; mean 
/"age:- 49 years; range; 28 to 62). Group II included 24 pts 
MONI: ides thao 50% coronary stenoses (16 males and 8 fe- 
A males; mean age: 50 years; range: 38 to 63). All 20 pts 
in group I had NCA on the second ANG. The interval be- 
“tween studies was greater than 4 years in 9 pts. Five 
| Qux) of the 24 pts in group II showed progression (P) of 
ER disease on the second ANG. P involted one artery in 3 pts 
and 2 arteries in 2 pts. Aggravation of a preexisting le- 
dian: was noted in 1 pt, new lesions in 3 pts and both in 
Bid pt. - None of the lesions was greater than 65%. The clin- 
Fidel course, coronary risk factors and interval between 
N _ ANG were not useful to predict P. We conclude that the 
" development of coronary disease is unlikely in adults with 
K ONCA and that roughly 807 of adults with NSD will not show 
Du over a 3 to 4 year period. 
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ie L. Feldman, MD; Wilmer W. Nichols, Ph.D.; C. 
Richard Conti, MD, FACC; Carl J. Pepine, MD, FACC, 
R'Uptyefeiky of Florida, Gdigeeki lie, Florida 


The hemodynamic significance of the length of a coro- 
1 nary narrowing is unclear. The influence of the length 
of a. coronary stenosis was studied by measuring coronary 
flow (electromagnetic flow probe) and aorto-distal coro- 
^ mary pressure gradients. Measurements were made at rest 
and during reactive hyperemia following release of a 10 


A Sec occlusion in 18 dogs. 


Ta Fixed, "noncritical", 40-60% diameter reductions were 
Beau went iaily lengthened by the addition of plastic occlud- 
ii, sers. The precise diameter reduction was confirmed by 
E ‘angiography and postmortem casts. Compared to resting 
t . responses, observed at the same diameter reduction pro- 
Ade duced by 1 mm long occluders, coronary flow (CBF) de- 


"creased and pressure gradients across the lesions increas- 
ed (expressed as X of gradient with complete occlusion) 

e 5j and 9%, respectively (p=N.S.) at 5 mm, 9% and 21% (p< 
» 0.05) at 10 mm, and 63% and 56% (p<0.05) at 15 mm lengths. 
= Similarly peak reactive hyperemic CBF and repayment of 
flow: debt occurring following release of occlusion de- 
'" creased 16% and 25% at 5 mm, 25% and 41% at 10 mm and 52% 
` and 58% at 15 mm lengths, respectively (all p<0.02), com- 
te |» pared to responses observed with same diameter 1 mm long 
| marrowings. 

s These data suggest that coronary diameter reductions 
E previously considered "noncritical" are regularly associ- 
. ated with significant coronary hemodynamic alterations 
` when their length is increased. 





DISTAL CORONARY PRESSURE AS A DETERMINANT OF 
RESISTANCE AND FLOW IN STENOTIC CORONARY ARTERIES 
Jeffrey S. Schwartz, MD; Peter F. Carlyle; Jay N. Cohn, MD, 
FACC, University of Minnesota, Minneapolis, Minnesota. 


It is currently believed that flow in a coronary artery with a 
significant stenosis does not increase or increases less thai 
normally in response to coronary arteriolar dilation. The left 
anterior descending or circumflex artery of open chest dogs wa: 
partially narrowed by an adjustable wire snare (circumferential 
stenosis) (CS) and by invaginating a portion of the artery just 
distal to the snare (noncircumferential stenosis) (NCS). Coro- 
nary flow, distal coronary pressure and aortic pressure were 
measured. Coronary arteriolar dilation was induced by re- 
active hyperemia after transient occlusion of the artery distal 
to the stenoses. During reactive hyperemia in vessels with 
only NCS, distal pressure fell slightly (85 +3 to 78 +4 mm Hg; 
p<0.01), large vessel resistance did not change significantly 
(0.07 +. 04 to 0.10 +. 04 units) and flow increased (36 +6 to 92 
+12 cc/min; p«0.02). In 8 experiments in dogs with superim- 
posed CS severe enough to abolish reactive hyperemia, distal 
pressure fell to persistently low levels (57 + 3 to 31 +3 mm Hg; 
p«0, 01) after transient occlusion. In these 8 experiments, as 
distal pressure fell large vessel resistance increased (1.7 +.4 
to 4.7 1.0 units; p<0. 02) and flow decreased (25.9 + 4.4 to 
18,1 +4.2 cc per min; p«0. 02). It is likely that the fall in flow 
resulted from passive narrowing of the artery in the area of 
NCS because of the reduced transmural pressure distal to the 
CS. It is concluded that in coronary vessels with severe in- 
trinsic stenoses, arteriolar dilation may reduce distal pres- 
sure enough to paradoxically reduce coronary flow. 


HYPERAGGREGABILITY OF PLATELETS TO THROMBIN IN PATIENTS 
WITH DOCUMENTED-MYOCARDIAL INFARCTION AND NORMAL CORONARY 
ARTERIOGRAMS. 

Jean-Gilles Latour, PhD; Baudoin Marchandise, MD, Pauline 
Beaulac, PhD; Simmon S.K. Yu, PhD; Martial G. Bourassa, 
MD, Institut de Cardiologie de Montréal, Montreal, Canada. 


Platelet and coagulation studies were conducted in 14 
young patients (mean age: 33) 1 to 9 years after a well- 
documented myocardial infarction (MI). Ten had a normal 
coronary arteriogram (NCA) and 5 showed a single obstruc- 
tive lesion « 502. Control studies were performed on 1) 
14 healthy (mean: 30) donors and 2) 15 subjects (mean: 
45.6) having a NCA and no heart disease. Aggregation in 
PRP was found normal to ADP and epinephrine, slightly a- 
bove normal to collagen, and markedly exagerated to 
thrombin (.14 U/ml) in 5 patients. Washed-platelet sus- 
pensions from 13 patients overresponded to thrombin 

(0.01 U/ml) by a factor of 3 to 4 (p« 0.001). Similarly, 
the release reaction (C'^ Serotonin) was 3.5 times that 
of normal (p« 0.001). The platelet counts and coagulant 
activity, the fibrinogen, the Pt, Ptt, Ptta, PRT, and the 
thromboelastograms were within normal limits. Plasma 
prekallikrein was markedly elevated (120-1572: mean 132%) 
in all patients having NCA with the exception of two, one 
taking clofibrate and the other diphenylhydantoin. It 
was normal in 4/5 patients presenting a single obstructi- 
ve lesion. We conclude that platelet hyperaggregability 
to thrombin is a major characteristic in these patients 
which support the hypothesis that thrombosis may have 
been at the origin of the MI. Furthermore, prekallikrein 
levels appear highly discriminatory in the patients with 
NCA and this observation strongly suggests that the ki- 
nin-generating-enzyme system may have been involved into 
the pathogenesis of their myocardial infarction. 
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First again... 


FIrSt to produce a really rugged transducer capable of withstanding 
rigorous use in a busy hospital. 


= rst to develop and introduce the prepackaged, sterile disposable 
domes, eliminating the need to sterilize the transducer. 


and now Bentley Laboratories, Inc. is first to offer a two year warranty 
when you use our transducers and disposable domes. We're that 
confident of the dependability of our products. For order and price 
information, call your Bentley representative, Or contact: 


BENTLEY LABORATORIES, INC. 
17502 Armstrong Avenue 

Irvine, California 92714 

(714) 546-8020 
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For the 
‘ultimate test” of 
Stability... 


prescribe a 
nitroglycerin with 
proof of stability. 


" i 
"UP 


Therearealot of ways to say stable 
when you re dealing with nitroglycerin. 
Thats why the testing of Nitrostat includes tests 
O simulate, as closely as possible, the actual conditions 
of use. | 
For example. we test for wickability—a Parke-Davis 
test (the time in seconds required for water to wet the 
tablet con sehe by capillary action under controlled 
conditions) to simulate under-the-t vog conditions. 
Heat- stable? Yes. Up to 45 C (113 F), considerably 
higher than ‘vest pocket Vale d 














vis & & Company. Detre 
renathns.) 


sar SA Data on file. Park 
ar for e 0.4-mg and the 06-r 


Bollo sd Content Uniformity? The or. assay 
still shows almost 100% of label claim more than 30 
months after manufacture. What's more, e crucia 


at, Mich gan T 


-JA-1669-)-P(3-76) 


PARKE-DAVI S PARKE, DAVIS & COMPANY, Detroit. 


Nitrostat 


question of maintenance of content uniformity of nitro- 
glycerin is answered by Nitrostat as proved by assay: 
less Chance of your patient taking a superpotent or, more 
important, a subpotent pud 

Disintegration? We test it using the USP test in 800 
ml of water. All tablets u ees disintegrate within 30 sec- 
onds (USP limit — 2 minutes). 

Dissolution? TOR NF Method IL, we show greater 
than 90% dissolution in 30 seconds. 

Now, each factor taken by itself may not be decisive. 
But taken together, they add up to a good reason to 
prescribe Nitrostat. 


Sublingual tablets 
stabilized formula 


(nitroglycerin tablets, USP) 


3 mg (1/200 gr)—0.4 mg (1/150 gr) — 0.6 mg (1/100 gr) 


Available in bottles of 100 
and Convenience Packs of 25 


| 
| 
| 
| 
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THE FINEST \ 
ELECTRO/ PHONO 
CARDIOGRAPHS! 


FD-31P THREE CHANNEL SYSTEM 
ECG/PHONO/PULSE 


A three channel direct writing system for simulta- 
neous recording of three channel ECG or any 
combination of multi Phono/Pulse/ECG data. The 
system retains all the standard features of 3-chan- 
nel ECG with the added provisions of simultaneous 
Heart Sound, ECG and Pulse Wave recording. The 
FD-31P employs a special envelope detection 
method and includes the most advanced galva- 
nometer design providing optimum resolution ol 
diagnostic information. Electrical safety is attainec 
by floating input amplifiers. 


$3950.00 








FJC-7110 "MINI-EGG" SERIES* PORTABLE, COMPACT, LIGHT - 
WEIGHT, MODULAR CONSTRUCTION, HIGH PERFORMANCE, 
EASY OPERATION. MEETS AHA SPECIFICATIONS.” 


AC Model 115/220V ac for line operation, $895.00 


DC Model battery operated, includes set of “D” cell 
batteries, $860.00 






AC/DC Model 115/220V ac and interchangeable "D" 
cell Battery Pack, $945.00 
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RBPP-1 Interchangeable rechargeable Battery Power 
Pack including built-in recharges, fits all models, 
$150.00 


*Models include all standard accessories. 


Other available products: 

m Two Channel Electrocardiograph (FD-20) Two Channel Phono, ECG, or Pulse (DP-2S) 
m ECG Tape Cassette System (SFR-11) B Ambulance Monitor 

B Three Channel ECG (DU-3S) B Monitor Oscilloscope (MS-10) 







Call or write for further information. 


MEDICAL SYSTEMS CORP. 


Dept A, 230 Middle Neck Raod, Great Neck, New York 11021e(516) 466-2000 
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Echoview 80C 
makes a big differenc 


seem not so big. 
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Flail mitral valve leaflets secondary to bacterial endocarditis. 
Courtesy Dr. Raymond Gramiak, Strong Memorial Hospital, 


Rochester, New York. 


Picker’s new Echoview 


System 80C with DSA enables 


you to diagnose many of 
their ailments accurately, 
easily. DSA" (Depth Selective 
Amplification), developed 
exclusively by Picker, allows 
you to observe individual 
cardiac structures in context 
with all structures in the 
ultrasound beam. 

Therefore, DSA means you 
focus on the diagnostically 
significant echoes. And to 
further improve your 
diagnosis, the capability to 
record physiological data 
together with the echogram 
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is also provided. 

Further, Picker' human 
engineering concept has 
resulted in the System 80C 
being a highly mobile, simple- 
to-operate and readily adaptable 
system for maximum clinical 
utilization. 

System 80C is an example of 
Pickersynergy — the complete 
interfacing of systems and 
services for improved diagnos- 
tic visualization. 

Contact your local Picker 
representative. Or write Picker 
Corporation, 12 Clintonville 
Road, Northford, CT 06472. 


ONE OF THE CIT. COMPANIES 
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Left atrial myxoma. Courtesy Dr. Roberta Williams, 
Children's Hospital Medical Center, Boston, Mass. 
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. Mark16/35 
Cine-Fluorographic 
Film Processor 


For the highest quality films without artifacts. 
Theater quality is assured. 





The Mark 16/35 production 
processor automatically processes 
diagnostic cine-fluorographic films 
to secure full tonal reproduc- 
tion and complete clarity. 
Adjustable speed and 
| y temperature controls 
" E | permit selection of 

^ proper parameters for 

desired density, gamma, 

and acutance. True 
quality control is simple 
and repeatable. Fully 
adjustable controls let you use 
standard or "hot" developing 
solutions. The Mark 16/35 is 
shipped complete — no accessories 
are required. 

It is constructed of 316L 
stainless steel inside and out for 
years of maintenance-free 
operation. The Mark 16/35 is 
daylight operated and is portable. 

Processing is at 25 feet per 
minute. Capability to 60 feet per 
minute. Dry-to-dry. Anyone can 
learn to operate it in an hour's 
time. It's that easy. 

For complete details 
contact us or your nearest Oscar 
Fisher dealer. 
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OSCAR FISHER CO, INC. 


P.O. BOX 2305 / NEWBURGH, N.Y. 12550 
TELEPHONE (914) 562-3900 

Al! equipment manufactured by Oscar Fisher 
Company, Inc., is on GSA Contract. 


AM gy NJ F 


ergometer 


Finland's leading physical fitness institutions helped 
design the new Tunturi ergometer. It features 
rugged construction and noiseless operation 

with all necessary means of measurement for 
applications in clinical stress testing, 

cardio and pulmonary rehabilitation programs, 
and sports medicine. Its compactness and 
relatively low price of $340.00 makes it ideal 

for home patient care programs. 


For further information, please write or phone collect: 


metos sauna 
INCORPORATED 

P.O. Box 3825 Bellevue, Wash. 98009 
206-454-2161 











Bulatory Blood Pressure Recorder 3 


Light, compact one-piece unit weighs only 25 ounces. 


The Remler patented Ambulatory Blood Pressure Recorder 
has been in use for more than ten years by leading physicians 
and research institutions throughout the world. It is a proven, 
easy-to-use system that relieves the doctor of the time-consum- 
ing traditional auscultatory procedure. 

Now, by miniaturizing circuits and components, we have pro- 
duced a smaller and easier to wear single-unit version. 

This Model M-2000 records blood pressures during the 
wearer's working or leisure day. Wearing this unobtrusive, light- 
weight device on a belt, any patient can easily record blood 
pressure data onto the micro-cassette as many as fifty times 
daily. This method totally eliminates bias, and the pressor effect 
of an observer's presence. 

The Remler system is especially useful in determining the 
efficacy of medication in the treatment of hypertension. 


A AJC 2/77 
Company 


| Since 1918 e Precision in Electronics 






280 Visitacion Mall « Brisbane, California 94005 USA œ (415) 468-3437 


* 
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Please send me complete details on the new 
Remler M-2000 Ambulatory Blood Pressure Recorder. 








Visit us at the 
ACC Meeting ; 
in Las Vegas | 
March 7—10 | 








Name . 


Address . 








Wp: 
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City/State/Zip — . 














CARDIO-PROBE 





automated-audible localization of cardiac 
conduction tissue/myocardial 
ischemia/infarction and facilitated recording 
of HIS Bundle Electrograms 


For the 

cardiovascular surgeon 

concerned with... 

e congenital cardiac repair 

e infarctectomy/ 
aneurysmectomy 

e revascularization 

e valve replacement 

e electrosurgery 


For the cardiologist 
concerned with . . . 

e HIS Bundle electrograms 
e arrhythmia studies 

e pacemaker selection 


For the investigator 

concerned with . . . 

e conduction-system 
electrophysiology 

e cardiac pharmacology 

e cardiac toxicology 


The CARDIO-PROBE 

includes... 

ean audible pacemaker to 
help establish pacing 

ea conduction 
cardiograph, fully 
patient-isolated, tripolar 


probe included. Adjustable 
gain 40-500 Hz bandwidth 


e Bundle-of-HIS detector, 


with fixed alarm threshold, 


References: 


for Bundle-of-HIS 
localization. 


Inputs include... 

both tripolar probe and 
tripolar catheter for flexibility 
in use 


Applications include. . . 

e localization of 
Bundle-of-HIS 

e delineation of aneurysms 

e delineation of 
ischemia/infarcts 

e mapping conduction 
pathways 

e recording HIS Bundle 
electrograms 


CARDIO-PROBE is the 
result of over four years of 
research, development and 
clinical testing. The 
instrument and its 
applications are fully 
referenced in the literature 
and reprints are available 
on request. 


For reprints and more 
information, contact 
Seecor, Inc., 512 South 
Freeway, Fort Worth, Texas 
76104, or call 
(817) 338-0451. 


Siegel, L., Mahoney, E. B.. Manning, J. A., and Stewart, S.: An Audible Alarm System 
to Facilitate the Intraoperative Identification of Cardiac Conduction Tissue, The 
Journal of Thoracic and Cardiovascular Surgery, 68:241, Augüst, 1974. 

Stewart, S., Manning, J.A.. and Siegel, L.: Automated Identification of Cardiac 
Conduction Tissue in 1-TGV and Ebstein's Anomaly, The Annals of Thoracic 


Surgery, 1976. 


Stewart, S., Mahoney, E. B., Manning J. A., And Siegel, L.: An Audible Alarm System 
for intraoperative Identification of Cardiac Conduction Tissue, Surgical Forum, 


XXV:179, 1974. 


See the CARDIO-PROBE at Annual Meeting of 
The American College of Cardiology, Booth 598 




















Peritrute 5f] sustuined Act 
(pentaerythritol tetranitrate) 80mg 

CAUTION: Federal law prohibits dispensi 
without prescription. 

Description: Each tablet of Peritrate SA 
Sustained Action contains: pentaerythrito 
tetranitrate 80 mg.(20 mg in immediate 
release layer and 60 mg in sustained reled 
base). Peritrate* (pentaerythritol tetrani- 
trate) isa nitric acid ester of a tetrahydric 
alcohol {pentaerythritol ). 


Indications: Based on a review of this dr 
by the National Academy of Sciences — 
National Research Council and/or other 
information, FDA has classified the indi 
tions as follows: 

Possibly" effective: Peritrate (penta- 
erythritol tetranitrate), is indicated for t 
relief of angina pectoris (pain associate 
with coronary artery disease). It is not 
intended to abort the acute anginal 
episode butit is widely regarded as use 
ful in the prophylactic treatment of angi 
pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 


Contraindications: Peritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 m 
contraindicated in patients who have a his 
of sensitivity to the drug. 

Warning: Data supporting the use of Perit 
(penfaerythritol tetranitrate) during the 
early days of the acute phase of myocardi 
infarction (the period during which clinico 
and laboratory findings are unstable) are 
insufficient to establish safety. 

This drug can act as a physiological 
antagonist to norepinephrine, acetylcholi 
histamine, and many other agents: 
Precautions: Should be used with caution 
patients who have glaucoma. Tolerance ta 
this drug, and cross-tolerance to other nit 
and nitrates may occur. 

Adverse Reactions: Side effects reported 

date have been predominantly related to 

(which requires discontinuation of medica 
and headache and gastrointestinal distre 
which are usually mild and transient with 
tinuation of medication. In some cases se 
persistent headaches may occur. 

In addition, the following adverse reac 
to nitrates such as pentaerythritol tetrani 
have been reported in the literature: 

(a) Cutaneous vasodilatation with flus 

(b) Transient episodes of dizziness and 
weakness, as well as other signs of 
cerebral ischemia associated with 
postural hypotension, may occasio 
develop. 

(c) An occasional individual exhibits 
sensitivity to the hypotensive effect 
nitrite and severe responses (nausg 
vomiting, weakness, restlessness, p 
perspiration and collapse) can occu 
even with the usual therapeutic dos 
Alcohol may enhance this effect. 

Dosage: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg (b.i.d 
an empty.stomach), | tablet immediately « 
arising ond 1 tablet 12 hours later. Tablets 
should. not be chewed. 

Supplied: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg, doul 
layer, biconvex, dark green /light green t 
in bottles of 100 (N 0047-0004-51) and 100 
(N 0047-0004-60). Also in unit dose — pac 
of 10 x 10 strips (N 0047-0004-11). 
Additional Dosage Forms: Peritrate 20 mq 
light green, scored tablets in bottles of 10 
(N 0047-0001-51) and 1000 (N 0047-0001-6 
Also in unit dose — package of 10 x 10 strig 
(N 0047-0001-11). Peritrate 10 mg —light g 
unscored tablets in bottles of 100 (N 0047 
0007-51) and 1000 (N 0047-0007-60). 

Full information is available on request. 


Defense against attack. 


For over 22 years, Peritrate” has been 
considered by many physicians as one 
of the top defensive measures for 
patients with angina pectoris. In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever- 
ity of angina attacks; With minimal 

side effects. 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrute 5H 


Sustained Action 
(pentaerythritol tetranitrate) 80mg 


Warner/Chilcott 


Div. Wafner-Lambert Company 
Morris Plains, N.J. 07950 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 


‘The drug has been evaluated as possibly 
Cid Tei ie) this indication. 
See brief summary. 













w TZ P T IWG k TT ic UN Tp eee UE “Tw UF ae VAT v ==. aCe TY "" p 
A E 7 g a e- mo^ roe yas eid Ns > "e xke qw - m i mr cali Ma 
a € byt ie 1 * PD. T - - P B e ^ - 
‘ E ioe + t5 a v RH a4 Au A ee. PE A - 
HET A Y n-tderovder. nur) iM A: FTAA yA SA s Ce ts ue e ! 
METTI e |S Vh P v e E ^L 7 for ; 
, ! P Ka > 4 


Gould Statham SP1425 Cardiac Output Computer, 
SP2010 Recorder and SP1400 Blood Pressure Monitor. 
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The new Gould Statham auto- 
matic Cardiac Output Computer 


When you need cardiac output mea- 


surements, you want a simple, com- 


plete and accurate system with no 


hidden sources of error. 
Ideally the system should auto- 


“matically and continuously monitor 


body and injectate temperatures. It 


should operate automatically with 


iced or room temperature injectate. 


|t should accept a wide variety of 


catheters without recalibration. And 
it should automatically provide a 


_ permanent record of the thermal 


curve. 

Recognizing your needs, Gould, 
world leader in blood measurement, 
offers a total catheter placement 
and cardiac output system. It is 
available in modules including those 
necessary for placement of flow- 
directed thermodilution catheters. 
These modules are available individ- 


. ually or installed on a mobile cart. 


Operation is easy as A-B-C 

A—Set injectate volume and push 
"Start Compute" button. 

B—At sound of the tone, inject. 

C— Read cardiac output. 


You need more than a cardiac 
output computer 

Only Gould offers a total cardiac 
output system including blood pres- 
sure transducer and monitor, re- 
corder, oscilloscope and cardiac 
output computer —backed by over 





Gould Statham Cardiac Output Computer 
and Recorder as a bedside unit. 


30 years’ experience in blood mea- 
surement products. 


Truly automatic 
Computation of cardiac output is 


- automatic. Monitoring of body and 


injectate temperatures is automatic. 
Monitoring of proper volume/tem- 
perature combinations is automatic. 
The self-test cycle is automatic. 
Lead fault indication is automatic. 
Recording of thermal curve is auto- 
matic. 


Automatic with your choice of 


injectate temperature 

Select any injectate volume from 
2-10cc. Use any injectate temper- 
ature from 0°-25°C and the com- 
puter does the rest. The Gould 
Statham SP1425 automatically 


CALL TOLL FREE (800) 325-6000 and give ID #2399 


- [In Missouri (800) 324-6700] 


Ask for Cardiac Output Computer literature. 


indicates if the volume/temperature 
combinations you select are beyond 
the range of the instrument. 


Complete patient safety 

Whether you're operating in the 
battery or AC power mode, the unit 
is completely isolated by electrical. 
circuit design and it is defibrillator- 
protected up to 400 joules delivered 
Should an electrical fault occur in 
the catheter, the unit will auto- 
matically indicate the condition. 


Critical care education 
As leaders in blood measurement 
for over 30 years, we have learned 
that we must provide more than 
quality instruments. That's why we 
conduct seminars around the 
country each year. These accredited 
courses in blood measurement 
product applications are conducted 
by our top professional nursing and 
technical specialists and are avail- 
able to you. | 

For more information on the 
easiest, most complete and accurate 
system for cardiac output measure- 
ment, contact: Medical Products 
Sales Manager, Gould Inc. 
Measurement Systems Division, 
2230 Statham Blvd., Oxnard, 
CA 93030. Tel: (805) 487-8511. 


In Europe contact: Gould Godart BV 
Jan van Eycklaan 2, Bilthoven 2660, 
Holland. Tel: (030) 787811. Telex: 
47131 PULMO NL. ) 


Manufacturer of Statham products 


=" GOULD 
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Are You Looking for Improved 


Image Clarity in Your Cine Film? 
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Sei) The Jamieson Model 54 offers these advantages: 

4^ M 1. Precise temperature control of chemistry. 

dU WW) 2. Optimal agitation. 

ia 4 3. Variable transport speed...up to 70 ft. per 

2 ° minute. Bee 
= | 4. Recirculation of chemicals. "EM "a 
. 15 M 5. Exacting replenishment rates. 

aa ~ he precise control of these variables is how 

d g Jamieson fulfills the need for high quality 

< s M diagnostic images. 

tS oT 

ud | a Call, write or clip coupon and mail today for more details. 

bs = : Call toll free Continental USA (except Texas) 1-800-527-2298, Telex: 73-0932 
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Please send information on Jamieson Model 54 Processor and a list of users. 
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in hyper ension. 


Lasix Tablets have 
been shown to reduce 
elevated blood pressure 
in diuretic-responsive 
patients. 


Lasix. For the 
treatment of essential 
benign hypertension. 
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_ excessive amounts can lead to a profoun 


. renal disease, including 
.. hypertension alone or in combination with other antih 


E SW 
. alone. 


a the drug should be discontinued. 
|. lyte depletion, therapy should not be instituted until the basic condition 
. is improved or corrected. Lasix (furosemide) is contraindicated in patients 


-. — precipitate digitalis toxicity. Care should 


-~ salts, although lesions of this type also occur spontaneously. 


— — - in which irreversible hearin 


tion in blood volume, with 





A brief summary of the Prescribing Information for 
Lasix® (furosemide) Tabiets 20 mg and 40 mg 


J WARNING—Lasix (rurosemide) is a potent diuretic which if given in 

diuresis with water and electro- 

. lyte depletion. Therefore, careful medical supervision is required, and 

ose and dose schedule have to be adjusted to the individual patient's 
needs. (See under PE and Administration.") 

, ndications—Lasix (furosemide) is indicated for the treatment of the 

. edema associated with congestive heart failure, cirrhosis of the liver, and 

r the nephrotic syndrome. 

Hypertension—Lasix (furosemide) may be used for the treatment of 
| | r pertensive drugs. 
Eye serve patients who cannot be UN controlled with thiazides 

I| probably also not be adequately controllable with Lasix (furosemide) 


.  CONTRAINDICATIONS—Because animal reproductive 
shown that Lasix (furosemide) may cause fetal a normalities, the drug is 
contraindicated in women of childbearing potential. (See ‘Additional 
Information.") - 

, Lasix (furosemide) is contraindicated in anuria. If increasing azotemia 
and oliguria occur during treatment of severe progressive renal disease, 
In hepatic coma and in states of electro- 


studies have 


with a history of hypersensitivity to this compound. 

,,. Warnings—Excessive diuresis may result in dehydration and reduc- 

, circulatory collapse and with the possibility 

Of vascular thrombosis and embolism, particularly in elderly patients. 

Excessive loss of potassium in patients receiving digitalis glycosides may 
ecir also be exercised in patients re- 

ceiving potassium depleting steroids. : 

Frequent serum electrolyte, CO; and BUN determinations should be 
performed during the first few months of therapy and periodically there- 
after, and abnormalities corrected or the drug temporarily withdrawn. 

In patients with hepatic cirrhosis and ascites, initiation of therapy 
with Lasix (furosemide) is best carried out in the hospital. Sudden altera- 
tions of fluid and electrolyte balance in patients with cirrhosis may pre- 
cipitate hepatic coma; therefore, strict observation is necessary durin 
the period of diuresis. Supplemental potassium chloride and, if required, 

an aldosterone antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. ' 

Patients should be observed regularly for the possible occurrence of 
blood dyscrasias, liver damage, or other idiosyncratic reactions. — 

In those instances where potassium supplementation is required, an 

sere! Pu preparation should be used rather than enteric-coated potas- 
sium salts. 

There have been several reports, published and unpublished, con- 
cerning nonspecific small-bowel lesions consisting of stenosis, with or 

without ulceration, associated with the administration of enteric-coated 
thiazides with potassium salts. These lesions may occur with enteric- 
coated potassium tablets alone or when they are used with nonenteric- 

. coated thiazides, or certain other oral diuretics. ' 
These small-bowel lesions have caused obstruction, hemorrhage, and 


|... perforation. Surgery was frequently required, and deaths have occurred. 


1 Available information tends to otassium 
herefore, 
formulations should be administered only 


be discontinued immediately if abdominal 


mplicate enteric-coated 


coated potassium-containin 
when indicated and shoul 


X pain, distention, nausea, vomiting, or gastrointestinal bleeding occurs. 


Patients with known sulfonamide sensitivity may show allergic reac- 
tions to Lasix (furosemide). , i 

Precautions—As with any potent diuretic, electrolyte depletion may 
occur during therapy with Lasix (furosemide), especially in patients re- 
ceiving higher doses and a restricted salt intake. Electrolyte depletion 
may manifest itself by weakness, dizziness, lethargy, leg cramps, ano- 
rexia, vomiting, and/or mental confusion. 

Asymptomatic hyperuricemia can occur and gout may rarely be pre- 


cipitated. Reversible elevations of BUN may be seen. These have been 


observed in association with dehydration, which should be avoided, par- 


-= ticularly in patients with renal insufficiency. 


__ When parenteral use of Lasix (furosemide) precedes its oral use, it 
should be Kept in mind that cases of tinnitus and reversible hearing im- 
pairment have been reported. There have also been some reports of cases 
impairment occurred. Usually, ototoxicity 
has been reported when Lasix (furosemide) was injected rapidly in pa- 

tients with severe impairment of renal function at doses exceeding sev- 

eral times the usual recommended dose and in whom other drugs known 
to be ototoxic were often given. If the physician elects to use high dose 
parenteral therapy in patients with severely impaired renal function, con- 
trolled intravenous infusion is advisable (for adults, it has been reported 


. that an infusion rate not exceeding 4 mg Lasix [furosemide] per minute 
. . . has been used 


qoe PP blood glucose, and alterations in glucose tolerance tests 


_ with abnormalities of the fasting and two-hour postprandial sugar have 


been observed, and rare cases of precipitation of diabetes mellitus have 


been reported. 


Lasix (furosemide) may lower serum calcium levels, and rare cases 


siveness to pressor amines and to enhance the effect of tubocurarine. 
Great caution should be exercised in administering curare or its deriva- 


(furosemide) 20mg and 40mg 
in hypertension. 













tives to patients undergoing therapy with Lasix (furosemide), and it is 
advisable to discontinue Lasix (furosemide) for one week prior to any 
elective SUB: s 

Adverse Reactions—Various forms of dermatitis, including urticaria 
and rare forms of exfoliative dermatitis, erythema multiforme, pruritus, 
pr ri age blurring of vision, postural hypotension, nausea, vomiting, or 

iarrnea. 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with 
purpura). Rare cases of agranulocytosis which responded to treatment. 

In addition, the following rare adverse reactions have been reported; 
however, relationship to the drug has not been established with certainty: 
sweet taste, oral and gastric urning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli and acute pancreatitis. 

Lasix (furosemide)-induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle cramps, thirst, in- | 
proeeed perspiration, urinary bladder spasm, and symptoms of urinary 
requency. 


Dosage and Administration 
ADULTS 


; a. usual adult dose of Lasix (furosemide) is 20 to 80 mg given as a 
single dose. 

If the diuretic response with a single dose of 20 to 80 mg is not satis- 
factory, the Sowing schedule should be used: Increase this dose by in- 
crements of 20 or 40 mg not sooner than 6 to 8 hours after the previous 
dose until the desired diuretic effect has been obtained. This individually 
determined single dose should then be given once or twice daily. The dose 
of Lasix (furosemide) may be carefully titrated up to 600 mg per day in 
those patients with severe clinical edematous states. | 

With doses exceeding 80 mg/day and given for prolonged periods, 
careful clinical and laboratory observations are particularly advisable. 

Hypertension—The usual dose of Lasix (furosemide) is 40 mg twice 
daily both for initiation of therapy and for maintenance. Careful observa- 
tions for changes in blood pressure must be made when this compound is 
used with other antihypertensive drugs, especially during initial therapy. 
The dosage of other agents must be reduced by at least 50 percent as 
soon as Lasix (furosemide) is added to the regimen to prevent excessive 
drop in blood pressure. As the blood pressure falls under the potentiating 
effect of Lasix (furosemide), a further reduction in dosage, or even discon- 
tinuation, of other antihypertensive drugs may be necessary. It is further - 
recommended, if 40 mg twice daily does not lead to a clinically satisfac- 
tory response, to add other dp (ud Sgents, e.g., reserpine, rather than 
to increase the dose of Lasix (furosemide). 

INFANTS AND CHILDREN f j 

Pediatric Administration: The usual initial dose of oral Lasix in infants - 
and children is 2 mg/kg body dmt given as a single dose. If the diuretic 
response is not satisfactory after the initial dose, dosage may be increased 
by 1 or 2 mg/kg not sooner than 6 to 8 hours after the previous dose. 
Doses greater than 6 mg/kg body weight are not recommended. 

For maintenance therapy in infants and children, the dose should be - 
adjusted to the minimum effective level. 

How Supplied—Lasix Tablets 40 mg (furosemide) supplied as white, 
round, monogrammed, scored tablets. i ; 

Lasix Tablets 20 mg (furosemide) supplied as white, oval, mono- 
grammed tablets. _ i 

Note: Dispense in dark containers. Exposure to light may cause slight - 
discoloration which, however, does not alter potency. 

Additional Information 
Toxicology f x f j 

The acute toxicity of Lasix (furosemide) has been determined in mice, 
rats, and dogs. In all three animal species, the oral LDso of Lasix (furo- 
semide) exceeded 1000 mg/kg of body weight, while the intravenous LDso 
ranged from 300 to 680 mg/kg. Intragastric injection of the drug in new- 
born rats resulted in an LDso of 380 mg/kg. 1 

The acute toxicity of high doses of Lasix (furosemide) was character- 
ized by convulsions, paralysis, and collapse. Surviving animals often be- 
came dehydrated and depleted of electrolytes due to the diuresis induced 
by Lasix (furosemide). In the newborn rats, intragastric injection of the 
drug caused hyperactivity and anorexia. ; 

Chronic toxicity studies with Lasix (furosemide) were done in rats 
and dogs. in a one-year study in rats, renal tubular degeneration occurred, 
with all doses higher than 50 mg/kg (4 times the maximal recommended 
human dose of 600 mg per dA A six-month study in dogs revealed cal- 
cification and scarring of the renal parenchyma at all doses above 10 
mg/kg fae percent of the maximal recommended human dose of 600 mg 
per day). = 
Reproductive Studies i 

The effects of Lasix (furosemide) on embryonic and fetal develop- 
ment and on pregnant dams were studied in mice, rats, and rabbits. 

Lasix (furosemide) caused unexplained maternal deaths and abor- 
tions in the rabbit when 50 mg/kg (4 times the maximal recommended 
human dose of 600 mg per day) was administered between days 12 to 17 
of gestation. In a previous study the lowest dose of only 25 mg/kg (2 times 
the maximal recommended human dose of 600 mg per day) caused ma- 
ternal deaths and abortions. In a third study, none of the pregnant rabbits 
survived a dose of 100 mg/kg. Data from the above studies indicate fetal - 
lethality which can precede maternal deaths. HA 

The results of the mouse study and one of the three rabbit studies 
also showed an increased incidence of ee (distention of the 
renal pelvis and, in some cases, of the ureters) in fetuses derived from . 
treated dams as compared to the incidence in fetuses from the control 
group. 
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circulatory 
assistance 
comes of age! 


the new Model 10 
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Avco Intra-Aortic Balloon Pump 


The most experienced cardiac assist system is now the most * New electro-magnetic drive system for quieter, more 

refined. Exacting design standards extend the performance, reliable operation. 

reliability and patient care capabilities... simplified operation, e Operates on less power and requires less warm-up time. . 
improved monitoring, digital diagnostic displavs and greater self-contained, rechargeable battery pack for extended operation 
mobility make the Model 10 the most desirable counter- during transport. 

pulsation system. * Used with standard Avco Tri-Segment™ balloons that are 


Uniquely Roche, the Avco Model 10 features. . 

* Three-color waveform displays of ECG, arterial pressure 
and balloon pressure. Full 12-lead ECG capability. 9$ 
* Alphanumeric displays of heart rate, balloon 

gas volume, and systolic, mean and diastolic PETSQUEBE AME 
blood pressures. B ciko oureur tte See Mu 
* Automatic preprogrammed message displays | 
to identify problem states and suggest procedural | 
steps for immediate correction. | 
* Advanced microprocessor techniques allow 
R-wave or arterial pressure triggering, pacer 
pulse rejection, and display of derived physio- 
logic data. 

* Compact design, lighter weight and larger 
conductive wheels for increased mobility and 
safety. 
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ROCHE MEDICAL ELECTRONICS INC. 


Subsidiary * Hoffmann-La Roche Inc. 
Cranbury, New Jersey 08512 * (609) 448-1200 





constructed using a patented design that prevents end- 
occlusion, blood entrapment, and excessive aortic wall stress. 


ROCHE...improving patient care 


_ through technology. 


All Avco Intra-Aortic Balloon Pumps are 


backed by the Roche nationwide network of 
Technical Representatives and Avco Cardio- 
vascular Specialists. Reliable technical and 


P clinical support as well as on-site training are 
TF your guarantees of consistent, dependable and 
f accurate instrument performance and operation. 


* Developed by Avco Corporation and manufactured 
for Roche Medical Electronics Inc. 


For a demonstration ...or detailed information, 

return this coupon today! 

C] Please send me additional information on 
the Avco Model 10. 

C Please call me to arrange for a demonstration 





of the Avco Model 10. (Tel...) 
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WEDGE PRESSURE 
MONITORING. 


UNCOMPLICATED. 


DATASCOPE 
TYPE P2 
PRESSURE MODULE 


MEAN 


| X DATASCOPE 


TYPE L PHYSIOLOGICAL ALARM 


] 


OFF DIAS 
! (NC —— 
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POSSIBLE EXPLOSION HAZARD if USED 
OF 


p 
IE PRESENC AMMABLE ANESTHETICS 
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The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

Ihe Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we've simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 


unique movable reference trace. 


It makes reading the pressure 
changes much easier, much 


DANGER--POSSIBLE EXPLOSION HAZARD IF USED IN 
HE PRESENCE OF FLAMMABLE ANESTHETICS 


faster, much more accurate. 

And once the catheter has 
been passed, we've simplified 
the job of monitoring. In fact, 
we ve taken it to the point where 
the nursing staff can handle it 
without any assistance. 


If you've gotten used to big, 


bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 
Its extremely light, and com- 
pact. It easily fits at bedside. 
And it's portable. You can 
move it where you need it, 





when you need it. 

So you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 
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© One-Stop 
Medical Paper 
Preparation 


Announcing the new expanded Information to 
Authors 1976-1977 edition with editorial 
guidelines reprinted from 140 medical journals 


Compiled by Harriet R. Meiss and Doris A. Jaeger of 
the Levy Library, Mount Sinai School of Medicine of 
the City University of New York. 


At last, a handbook providing the most up-to-date 
guidelines for the preparation of manuscripts exactly 
as specified in 140 leading American medical jour- 
nals. Authors, secretaries, publishers, editors, med- 
ical writers and librarians will welcome this greatly 
needed reference for publishing in clinical medicine. 


Information to Authors features the exact replica of 
each journal’s masthead, with editors, editorial 
boards, mailing addresses and such pertinent in- 
formation as statements of scope, sponsoring 
societies, advertising information and subscription 
rates. Instructions to contributors are reprinted in 
their entirety—including information on the number 
of manuscript copies required, desired format, cor- 
rect style for typing footnotes and references, rules 
for preparation of illustrations, tables, graphs, etc. 


For rapid access, journals are arranged in alphabeti- - 
cal order. A subject index enables you to identify 
publications in your field of interest. 


If you or members of your staff write, submit or re- 
view papers for medical journals, this handy 328- 
page guide will save valuable look-up and research 
time. /nformation to Authors has everything you 
need to meet the exact requirements of the editor, 
avoid costly publication delays, and speed accept- 
ance of your paper. 


Use the order “form below to obtain your [19767 7 t 
copy now. No orders will be processed unless ac- 
companied by payment. 


Information to Authors 

Levy Library 

Mount Sinai School of Medicine 
Fifth Avenue and 100th Street 
New York, New York 10029 


Please send me postage paid copy(ies) of your /n- 
formation to Authors. | enclose payment. $13.50* per copy, 
domestic and $15.00 per copy, foreign. (Please make 
checks payable to '"MSSM-— Information to Authors.) 

Name 
Address 


OW ato Ea ee Stale a Zip 
*New York State residents please add applicable sales taxes. 
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KayCiel 


(potassium chloride) 


is 
<3 


VS. 
Diet 








ORANGE | FLAVORED 
KayCiel Elixir — KayCiel Powder 


Each 15 ml Each Solodose* packet 

(20 mEq of potassium (20 mEq of potassium 
chloride) contains: chloride) contains: 

Calories 17 Calories 0 
Sodium Omg Sodium 0mg 


CONTRAINDICATIONS: Impaired renal function, untreated Addison's 
Disease, dehydration, heat cramps and hyperkalemia. 

WARNING: Do not use excessively. 

PRECAUTIONS: Administer with caution and adjust to the 

requirements of the individual patient. The patient should be checked 
frequently and periodic ECG and/or plasma potassium levels made. 
Use with caution in patients with cardiac disease. In hypokalemic states, © 
attention should be directed toward the correction of the frequently 
associated hypochloremic alkalosis. 

Patients should be cautioned to adhere to dilution instructions. 
ADVERSE REACTIONS: Potassium intoxication indicated by 

listlessness, mental confusion, paresthesia of the extremities, weakness 
of the legs, flaccid paralysis, fall in blood pressure, cardiac 

depression, arrhythmias, arrest and heart block. Vomiting, nausea, 
abdominal discomfort and diarrhea may occur. 

OVERDOSAGE: In case of excessive use resulting in hyperkalemia or 
potassium intoxication, discontinue potassium chloride 

administration or take other steps to lower serum levels if indicated. 


Cooper Compliance Tip 

Help assure that your older patients take 
medications properly by printing your 
instructions in large letters. You might 
also send a copy of the instructions to the - 
patient's spouse. Please forward your 
compliance tip to Cooper Laboratories, 
300 Fairfield Road, Wayne, N.J. 07470, 
Att: W.E Cronin. j 
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COOOCSPavorarories, Wayne, New Jersey 07470 143-48 
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inter 
hium Pacemaker System 
has the competition 
playing catch-up. 


ew Model 223 System Part 3: Trace-A-Pace 
r4 ram: Remote Monitoring 
by 1.4 cm). Both Intermedics is the onlv pace- 
available in deman maker manufacturer on the market 
| modes withe issure which provides a 


4 > 3f 


re expectancl Sm exces Ing service al 
3 | * 5 1 
rs. Pre-set stimulation rate: with each 
1 } 1 " | AS 
| sees re Strate 1331 " 
AT tne request L le patienti > 


$ | -—P > ^ ; ; 
L )atient is provided 


aT he ] 

System Part 1: System Part 2: The Leads ith a pn etit. easy-to-i 
Į | = į » " ] —1 

[he Pulse Generators Intermedics pulse generators portable transmitter. At any 
| | | are designed to accept most trom any telephone, he can t 


gne 

yeti | J } TOT. + hic ny i l hart] 

competitors leads. Mowevel ut n pacer rhythm to 
i 


‘medics manufactures a series ntermedics. He simply attaches 
non-corrodirig, sti tipped color-coded, dry electrodes, dials 
leads which provide low toll-free telephone number 
timulating and sensing Seer and places the te lephone receive! 
and are designed in every way to on his transmitter. Intermedics 
increase the power life expectancy ill receive and record the rhythm 


] ' 


of Intermedics' pulse generators trip and pulse generator rate. 
Closed coil const "uction resists t any irregularity ts observed 
'nce-resistant 31¢ distor igment and prevents lead the patie nt's phvsician will be 
steel container, whicl actures. Model 461 features a contacted immediatel v. With each 
smoothly rounded edį cylindrical tip, and the newer transmission, the physician will 
patient comfort. Model 463 offers a spherical tip for receive a report and a copy of the 
dics offers two excellent greater surface area rhythm strip, greatly reducing the 
igi | time required for patient follow-up 
and increasing the patient's 
confidence and mobility. 
System Part 4: 
Your Intermedics Representative 
All Intermedics representatives 
are on call 24 hours a day. When 
necessary, they can have any 
Intermedics component or an 
entire Intermedics Lithium 
o Pacemaker System in your hands 
A a pe shortly after you call. 
cn | j (On =" For the location of your nearest 
ie Intermedics representative o1 
additional information about 
our products, call toll-free 
800-231-23 30. In Texas call 


2 


collect 713-233-8611. 


TRE s Inc. 


C), Box 617 Freeport, Texas 
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P ONCE WE DELIVER, 
i WE'VE JUST BEGUN 


All Marquette electrocardiographs undergo a stringent environmental testing 





; program before we let them out the door...enough to represent about six 
Lm months of actual day to day use and abuse. 

- But, that's not always enough to catch that one faulty 

"or component which occasionally sneaks through and 

dad | fails just when you need it most. That's why we've ex- 

E panded our service facilities nationally to include 


P over 80 service centers and four regional "Area 
Code 800" dispatch centers to get someone where 





E you need them, when you need them 
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vascular, and transposition of great arteries, treatment of, 295 
Pulmonary edema, increased blood volume during diuresis in, 283. 
Pulmonary vasoconstriction after calcium chloride, 283 
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SUBJECT INDEX: ABSTRACTS 
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Quinidine in myocardial ischemia, 292 


. Radionuclide angiography 


. in aortic regurgitation, 284 
to measure cardiac output in congenital heart disease, 309 


‘Reentry in Bachmann's bundle as mechanism of paroxysmal supra- 


ventricular tachycardia, 264 


Regitine as provocative test in hypertrophic subaortic stenosis, 301 
_ Resuscitation from cardiac arrest, intracardiac electrophysiologic 


studies after, 275 


. Rheumatic valvular cardiac disease, HLA antigen phenotype in, 299 


Saponing, alfalfa root, hypocholesterolemic effect of, 307 
Sarcoidosis of the heart, 271 


. Sarcoplasmic reticulum, calcium permeability of, sodium and mag- 


nesium ions and, 291 


.. Scanning 


(see also Imaging) 
gated cardiac blood pool and thailium-20 1, in ischemic and idiopathic 
congestive cardiomyopathy, 309 
technetium-99m albumin, to estimate infarct size, 316 
technetium-99m pyrophosphate, to estimate infarct size, 316 
. thallium-201 
and gated cardiac blood pool scans in ischemic and idiopathic 
congestive cardiomyopathy, 309 
at rest and during maximal exercise to detect coronary artery 
disease, 321 
; in multicenter study, 321 
. in asymptomatic patients with S-T segment depression, 320 
stress, single dose, and exercise testing, 321 
to estimate infarct size, 316 
Scintigraphy 
-~ (see also Imaging) 
myocardial stress, in coronary artery disease, 321 
technetium-99m pyrophosphate, in acute myocardial infarction, 
316 


. Serotonin elevation in central nervous system, repetitive extrasystole 


i threshold and, 274 

Shock, cardiogenic, due to slowly evolving myocardial injury, 322 
Shunting, ductal, in neonate, 310 

Shunts, left to right, left isovolumic contraction time in, 266 


. Sick sinus syndrome 


- digitalis and, 290 
digoxin and, 264 


- Single pass technique for bedside determination of ejection fraction 


and segmental wall motion, 285 


__ Sinoatrial nodal response to premature atrial stimulation, 263 
. Sinoatrial region, pathologic findings in, in patients with atrial arrhyth- 


mias, 263 
Sodium-potassium exchange pump, inhibition of, changes in tissue 
water and electrolytes after, 313 
S-T segment depression 
reproducibility of, in maximal exercise treadmill testing, 288 
thallium-20 1 myocardial perfusion scanning in asymptomatic patients 
with, 320 


. Subaortic obstruction in first year of life, pathologic anatomy of, 305 
. Surgery 


and coronary arterial anatomy in truncus arteriosus communis and 
transposition of great arteries, 306 

and intraaortic balloon pumping for preinfarction angina, 260 

and intraoperative identification of conduction system in complex 
congenital heart disease, 301 

aneurysmectomy for recurrent ventricular tachycardia or fibrillation, 
269 
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Surgery 
Aschoff bodies in operatively excised atrial appendages, 299 
coronary bypass 
(see also Coronary artery disease) 
and arrhythmias, prospective randomized study of, 270 
and identification of high risk proximal left coronary artery stenosis 
amenable to, 286 
assessment of current operative risk, 285 
atherosclerosis of vein grafts in normal and hyperlipidemic pa- 
tients, 285 
clinical, angiographic and treadmill results 5 to 7 years after op- 
eration, 270 
distal endarterectomy in, 308 
evaluated by exercise testing, 268 
for angina pectoris, 269 
graft patency and left ventricular function, 268 
myocardial consequences of, 268 
ventricular arrhythmias after, 269 
versus medical treatment 
for high risk proximal left coronary artery stenosis, 286 
in coronary artery disease with left ventricular dysfunction, 
286 
late survival and incidence of sudden death in, 286 
randomized VA cooperative study of, 286 
for asymmetric septal hypertrophy, 27 1 
for atrial septal defect 
primum, prognosis after, 294 
secundum, late postoperative changes after, 294 
for atrioventricular canal 
complete 
during infancy, 293 
under 2 years of age, 302 
during first year of life, 293 
for coarctation of aorta, cerebrovascular abnormalities after, 294 
for mitral regurgitation in infants and children, 293 
for myocardial bridging and milking effect of left anterior descending 
coronary artery, 267 
for reconstruction of right ventricular outflow tract using aortic valve 
homografts, 295 
for supravalve aortic stenosis, 295 
for tetralogy of Fallot 
in adults, hemodynamic studies late after, 302 
long-term evaluation of, 302 
right ventricular apex activation after, 305 
total corrective, exercise and catheterization results after, 294 
for transposition of great arteries 
complete, hemodynamic assessment of Mustard procedure for, 
295 
with pulmonary vascular disease, 295 
for truncus arteriosus 
"corrective," in first year of life, 293 
in infancy, 301 
for unstable angina pectoris, technetium-99m pyrophosphate imaging 
in, 317 
ileal bypass, in familial xanthomatic type Il hypercholesterolemia, 
308 
myocardial revascularization, in absence of cardiac symptoms, 
268 
perioperative myocardial infarction, angiographic correlations with, 
269 
valve replacement 
aortic 
for pressure overload, temporal changes in left ventricular 
function and hypertrophy after, 300 
homograft, preoperative left ventricular function and results 
of, 300 
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Surgery 
valve replacement 
aortic | 
nitroprusside during, 299 
12 year experience with, 300 
with aortic trileaflet prosthesis, aortic valve function and, 
303 
computer-assisted reporting system for follow-up of patients with, 
303 
echocardiogram and early postoperative left ventricular function 
after, 277 
with glutaraldehyde-fixed porcine cardiac valves, 303 
with Hancock porcine xenograft valve, 303 
with tissue valve after thromboembolism of prosthetic heart valve, 
302 
Sympathetic nerve stimulation, cardiac, and coronary vasomotor tone, 
261 
Systolic time intervals before and after exercise in aortic stenosis, 
311 


Tachyarrhythmias, recurrent, serial electrophysiologic and pharma- 
cologic testing for control of, 307 
Tachycardia 
atrial, paroxysmal, and increased vagal drive, 264 
in Wolff-Parkinson-White syndrome, 265 
reciprocating, in Wolff-Parkinson-White syndrome, 319 
supraventricular 
during sinus rhythm in children, 304 
electrophysiologic and pharmacologic characteristics of automatic 
ectopic, 304 
paroxysmal 
clinical, electrocardiographic and electrophysiologic obser- 
vations in, 264 
reentry in Bachmann's bundle as mechanism of, 264 
- ventricular, aneurysmectomy for, 269 
Tamari-Kaplitt pulsator for cardiopulmonary assistance, 260 
Tetralogy of Fallot 
exercise and catheterization results after total correction of, 294 
in adults, hemodynamic studies late after surgical correction of, 
302 
long-term evaluation of open heart surgery for, 302 
right ventricular apex activation after intracardiac repair of, 305 
Thallium-201, intracoronary, during coronary angiography, 320 
Thromboembolism, tissue valve replacement of prosthetic heart valves 
for, 302 
Ticrynafen, uricosuric, diuretic and antihypertensive agent, 296 
Tomography 
(see also Imaging) 
computerized, visualization of cardiac and vascular structures in man 
with, 308 
positron emission transaxial, to delineate myocardial infarction in 
man, 316 
Transposition of great arteries 
and pulmonary vascular disease, treatment of, 295 
complete, hemodynamic assessment of Mustard procedure for, 
295 
coronary arterial anatomy in, 306 
noninvasive assessment of right ventricular performance in, 310 
Truncus arteriosus 
communis, coronary arterial anatomy in, 306 
"corrective" surgery for, in first year of life, 293 
surgical treatment for, in infancy, 301 


. SUBJECT INDEX: ABSTRACTS - 


Uhl's disease, inexcitable right ventricle and bilateral bundle branch 
block in, 325 

Ultrasonic sector scanning and angiography, 278 

Ultrasound (see Echocardiography) 


Valve disease 
(see also specific type) 
and normal coronary arteries, microsphere perfusion defects in, - 
272 
Valve prosthesis (see Surgery, valve replacement) 
Ventilation-perfusion relation after nitroprusside, 282 
Ventricle 
common (single), natural history of, 311 
left, double outlet, anatomic types of, 305 
Ventricular contractility 
and muscle mass, left, during primary right ventricular sib 
overload, 312 
right, after digitalis in cor pulmonale and chronic obstructive pul- 
monary disease, 282 
Ventricular ectopic activity in treadmill exercise tests, 288 
Ventricular fibrillation 
aneurysmectomy for, 269 
intramuscular lidocaine to prevent, 275 
Ventricular fibrillation threshold 
in man, 274 
multiple site pacing and, 274 
Ventricular function 
and residual contractility of ischemic myocardium after acute cor- 
onary occlusion, 281 
left, and echocardiogram after valve replacement, 277 
multiple gated acquisition to assess, 284 
Ventricular hypertrophy, left, echocardiographic and electrocardio- 
graphic methods of detecting, 276 
Ventricular infarcts, rat, technetium-99m pyrophosphate image of, 
279 
Ventricular outflow tract, right, reconstruction of, using aortic valve - 
homografts, 295 
Ventricular papillary muscles, fine structure of myotendinous junctions 
of, 315 
Ventricular performance, echocardiographic determination of effects _ 
of general anesthesia on, 311 
Ventricular pressure overload, right, left ventricular contractile state 
and muscle mass in, 312 
Ventricular reentry 
during myocardial infarction, 275 
in late myocardial infarction period, 275 - 
Ventricular septal defect, aortic valve atresia associated with, 305. 
Ventriculogram, ouabain, in coronary artery disease, 284 
Verapamil and ventricular automaticity and reentry during acute cor- 
onary occlusion, 290 


Wall motion, segmental, single pass technique for bedside determi- 
nation of, 285 
Wolff-Parkinson-White syndrome 
and reciprocating tachycardia, echo zone in, 319 
mechanism of spontaneous conversion between reciprocating 
tachycardia and atrial flutter-fibrillation in, 319 
tachycardia in, 265 
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AMERICAN COLLEGE OF CARDIOLOGY NEWS 








. The aim of each program is to increase the 
_ theoretical and practical knowledge of the 


normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 


. are pertinent to direct care of patients with 
. heart disease. The need for such programs 
increases with the ever increasing amount of 


scientific and clinical data, the constant 
changes in technology and methodology, and 


. . the greater availability of therapeutic options. 
_ Today most cardiologists, internists and family 
practitioners feel the need of supplementing 

their professional reading by direct contact 


with the authors, research workers and leaders 


— in the field. 


To solve these problems the Committee 


selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists, educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


Calendar of Continuing Medical Education Programs 


of the participants. ' 
These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 
Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Programs and faculty are subject to change. For further information write Mary Anne MclInerny, Director, Department of Continuing Education 
Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


1977 


Preceptorships in Cardiology. Ar- 


Er arranged thur Selzer, FACC, director. Pacific 


* 
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m DA 
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Medical Center, San Francisco, 
Calif. 


individ- 
ually 


_ MAR.7- Twenty-sixth Annual Scientific 
- MAR. 10 Session. Charles Fisch, FACC, 


president. Las Vegas Hilton Hotel 
and Sahara Hotel, Las Vegas, Ne- 
vada 


Contemporary Management of 
Acute Myocardial Infarction by the 
Family Physician. Robert S. Eliot, 
FACC, director and James G. Jones, 
William P. Nelson, FACC and 
Thomas A. Nicholas, co-directors. 
Hay Adams Hotel, Phoenix, Ariz. 


Cardiovascular Disease— 1977: 
Practical Diagnosis and Manage- 
ment. John Ross, Jr., FACC, Joel S. 
Karliner, FACC, Ralph Shabetai, 
FACC, Kirk L. Peterson, FACC and 
Allen D. Johnson, FACC, directors. 
Hotel Del Coronado, Coronado, 
Calif. 
2 Core Curriculum: The Pathology of 
24-26 the Heart. Maurice Lev, FACC and 
oh _ Jesse E. Edwards, FACC, directors. 
- — Palmer House, Chicago, III. 


17-19 


d MAR. 28- Electrocardiographic Interpretation 


APR.1 of Complex Arrhythmias: A Phys- 
iological Approach. Charles Fisch, 
FACC and Douglas P. Zipes, FACC, 
directors. Indiana University Medical 


Center, Indianapolis, Ind. 


APR. 
4-13 


Cardiology for the Consultant: A 
Clinician's Retreat. E. Grey Di- 
mond, FACC, James E. Crockett, 
FACC and Arthur D. Hagan, FACC, 
directors. Rancho Santa Fe Inn, 
Rancho Santa Fe, Calif. 


APR 
13-15 


Echocardiography for the Clini- 
cian. Nathaniel Reichek and Joel 
Morganroth, FACC, directors. The 
Hilton Hotel of Philadelphia, Phil- 
adelphia, Pa. 


APR 
13-15 


Vectorcardiography: Advanced 
Workshop. Alberto Benchimol, 
FACC, director. Scottsdale Hilton 
Hotel, Scottsdale, Ariz. 


APR. 
18-22 


Consultant's Course in Cardiology. 
Simon Dack, FACC, director and 
Michael V. Herman, FACC, Richard 
Gorlin, FACC and Louis E. Teich- 
holz, FACC, co-directors. Mount 
Sinai Medical Center, New York, 
N.Y. 


APR. 
25-28 


A Symposium on Cardiovascular 
Nursing. Henry J. L. Marriott, FACC 
and Leo Schamroth, FACC, direc- 
tors. Sheraton Sand Key Hotel, 
Clearwater Beach, Fla. 


APR. 
28-30 


New Approaches to Cardiac Di- 
agnosis. Arthur Selzer, FACC and 
Keith E. Cohn, FACC, directors. 
Fairmont Hotel, San Francisco, 
Calif. 


Clinical Auscultation of the Heart. 
W. Proctor Harvey, FACC, director. 
Georgetown University Medical 
Center, Washington, D. C. 


MAY 
11-13 
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MAY Correlation of Noninvasive Meth- 
12-13 ods in Cardiovascular Diagnosis. 
Arnold M. Weissler, FACC, director 
and Sandra M. Leitner, co-director. 
United Hospitals of Detroit-Webber 
Memorial Building, Detroit, Mich. 
MAY Asymptomatic Coronary Artery 
12-14 Disease—Early Detection and 


Management. C. Richard Conti, 
FACC, director and Lamar Cre- 
vasse, co-director. Innisbrook Golf 
and Resort Club, Tarpon Springs, 
Fla. 





EXAMINATION DATE 

The American Board of Internal Medicine will 
administer the Certifying Examination in the 
Subspecialty of Cardiovascular Disease on 
Tuesday, October 18, 1977 and Wednesday 
morning, October 19, 1977. Application 
forms must be returned by March 15, 
1977. 

All inquiries should be directed in writing to: 
Registration Department, American Board 
of Internal Medicine, 3930 Chestnut Street, 
Philadelphia Pennsylvania 19104. — 
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A few clockwise turns a 

unique lead with its screw-in 
electrode is firmly anchored in the 
myocardium. It is sutureless, so 
the need for sutures and stab 
wounds is eliminated, thus 
permitting greater flexibility in 
surgical approaches. Use of this 
lead can shorten operative time 
and it may be removed and 
repositioned if necessary during 
implant. 


* Positive anchoring reduces the 
possibility of postoperative 
dislodgement 

* Screw-in electrode eliminates 
need for stab wounds or sutures 
on cardiac surface 


* Can reduce operative time 
* Allows a variety of surgical 


- 


* [nstallation performed under 
direct vision — fluoroscopy is not 
required 

* General thoracotomy not 
required for implantation, 
reducing surgical trauma 


Artist's conception of displacec 


lead in nght ventricle. 
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For complete information, see 
your local Medtronic 
representative. 


TENAR 


Screw-in 
Myocardial 
Leads 


-< they stay 
where you put them. 


LA Medronic 


Helping you help 
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> Echo System: The Irex Cardiac 
asound Module with A-mode 
pe, timing ECG, special Enhance 

i Locate features, housed in a sturdy 
sole with built-in rapid process 

order and swivel mounted, large 

een, M-Mode Monitor. This 

tem is complete with 2.25 MHz 

dium Internal Focus Transducer 

] ECG patient lead. 


n-Invasive System: The Irex 

rdiac Ultrasound Module with 

Mode scope, timing ECG, special 
nance and Locate features, plus a 
yarate 12 lead, single channel ECG 
fully diagnostic cardiograms; two 
gnostic Heart Sound Amplifiers 

n selectable filter positions; one 
gnostic External Pulse Amplifier 

^ correct time constant for accurate 
rotid and Apex pulse wave 

‘ording; two suction type Micro- 
ones; one air-coupled Pulse 
insducer with Kit of Funnels; ECG 
tient Lead and Electrodes. Housed 
a 7 channel console with built-in 

id process Recorder and swivel 
unted Monitor Oscilloscope. 


The Sensible System 
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Pressure Amplifiers with semi- 
automatic balance and calibrate 
feature for fast, easy set up; a Pressure 
Processor for calibrated DP/Dt or 
simultaneous mean values; a Three 
Channel ECG with settings for 
External ECG or Intracardiac 
Electrograms; Electrogram Selector 
Module for catheter electrode 
selection; a D.C. Input Coupler for 
interface with auxiliary equipment. 
Housed in a 7 channel console with 
built-in rapid process Recorder, fully 
calibrated scale lines, edge or full 
screen time lines, event marker and 
swivel mounted large screen Monitor 
Oscilloscope. This system is complete 
with two strain gauge Pressure 
Transducers, ECG Patient Lead and 
His Bundle Electrode Adapter Kit. 


PREIRATA MY 


The Cath Lab System: Two precision £ 
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The CCU System: Two precision 
Pressure Amplifiers with semi- 
automatic balance and calibrate feature 
for fast, easy set up; a 12 lead single 
channel ECG Amplifier including ied 
Intracardiac capability; a D.C. Input 4 
Coupler for interface with auxillary 
equipment. Housed in a compact 5 
channel console with built-in rapid 
process Recorder and swivel mounted 
large screen Monitor Oscilloscope. 
The system is complete with two 
strain gauge Pressure Transducers 





and ECG Patient Lead. $11,020.00.* 


Whatever your application, if crisp, high contrast, 

easy to read records are required, Irex has a 

system that will do the job accurately, efficiently 

and reliably. Our systems all feature precision 

time and amplitude calibration for exacting 

measurements; full range frequency response for 

true diagnostic quality; clearly labelled, logically 

placed controls for ease of operation; large screen, 

long persistence Monitors for maximum 

visualization of data; all solid state circuitry for 

reliability and modular plug-in components for A 
fast, easy maintenance. The systems shown here a 
are typical, but any combination of up to 16 

channels is available to meet your special 

requirements. 


Irex Corporation 

Medical Systems Division 
114 Pleasant Ave. 

Upper Saddle River, N.J. 07458 


Call us collect at: 
201-327-5900 (East & Midwest) 
213-766-3616 (West Coast) 

| 919-942-5515 (Southeast) 


m 
VISIT US IN LAS VEGAS BOOTH NOS. 257, 259 & 261 d 
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. ALANC. D`. LADD. R 
bv PyMaH 


The essence of blood pressure measurement is the occlusion 
of an artery by a properly positioned inflatable bladder. 


The Balanced * Bladder by PyMaH assures that the bladder will always be 
positioned correctly over the artery to be compressed, regardless of the 
manner of application. 


The hidden key part that makes this system unique is the Balanced Bladder. 


The Balanced Bladder, when used in combination with the Pre-Gaged cuff, 
permits a reproducible, accurate blood pressure recording in all cases. The 


Balanced Bladder, 30 cm long, renders obsolete the old-style “unbalanced” 
inflatable bladder. 


Old fashioned Balanced Bladder by 
off-center bladder PyMaH 


The inflation bladder is not properly The Balanced Bladder encircles the 
positioned for desired compression limb, and provides full compression 
of the artery. over the artery. 





First in Blood Pressure P yM aH core 


Box 1114, Somerville, N. J. 08876 
(201) 526-1222 
TWX 710 480-9246 


* Patent pending 
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With the addition of the moderately-priced Polytrack _ 


Modification any Processall gains the added flexibility of 
being able to process 4 films at any interval. Previous to 
this a Processall was capable of processing up to 4 film 
cassettes at one time. But there was a limitation. All 4 
had to be started simultaneously. And by an experienced 
operator. 

The advantages of the Polytrack MORITO are 
obvious. The operator doesn’t have to 
wait for the first case to be finished 
before inserting the second, third or 
fourth film, or stop the machine. During 
the filming of the diagnostic procedure, 
exposed reels can be fed right from the 
camera into the Processall without 
delay. 

As for the machine itself, the fact 
that thousands of Processalls are in 
daily use at many medical research 
centers and hospitals wherever diag- 





nostic cardiology is being done says more about the unit - 
than we ever could. 

And now, with the new Polytrack Modification, the 
Processall is a more efficient, more effective, more impor- 
tant diagnostic tool then ever before...at a surprisingly 
modest price. 

Without the Polytrack Modification the Processall is 
cone aere by many to be the best processing machine 
available for cine fluorography. With 
the addition of Polytrack the best 
becomes that much better. 

Other advantages of the Processall 
System. * Fine Grain Yield * Better Res- 
olution * Rapid Development * Fixation 
and Drying * Variable Speed and Tem- 
perature Control * Automated Proces- 
ing * Consistent Quality * 316L Stain- 
less Steel Construction. 

For more information contact us or 
your nearest Oscar Fisher dealer. 


Operator removes finished reel from machine 
while other tracks continue to be processed. 


Process up to 4 diagnostic 








OSCAR FISHER CO., INC. 


P.O. BOX 2305 / NEWBURGH, N.Y. 12550 
TELEPHONE (914) 562-3900 





2: 
i | 


with Processalls 
new Polytrack Modification 


All equipment manufactured by Oscar Fisher Company, Inc., is on GSA Contract. 
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wes CARDIAC EMERGENCY 
STRIKES... 















DEPEND ON ELECATH PACING PROBES 


for rapid placement and stable pacing. All are 
available in sterile, ready-to-use kit form. 





The BALECTRODE Tj 
balloon-guided bipolar x- 


pacing probe for bedside /  .* 
use without fluoroscopy. we 
Available in the KBE kit. f 


= 


The semi-floating bipolar 
pacing probe for rapid 
placement at bedside or 
under fluoroscopy. 
Available in the KSF kit. 


The transthoracic bipolar 

pacing stylet for the most 
rapid access to the pacing 
site. Available in the 

KTP kit. 


See the entire line of Elecath® cardiovascular 
instruments at the American College of Cardiology 
meeting in Las Vegas, Nev., March 7-10 

Booth No. 337 & 339. 


ELECTRO-CATHETER CORPORATION 
2100 Felver Court, Rahway, N.J. 07065 W Telephone 201-382-5600 Telex 138-171 


The new transmyocardial 
bipolar pacing stylet for 
rapid access with greatly 
increased electrical 
involvement of myocardium. 
Available in the KTM kit. 
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HOSPITAL CLINIC YUU dave cp M EITC JUTT- HOSP 


TT ] o clinics or private physicians. Computer provides a preliminary 
To} diagno sis in seconds, 24 hours a day. Lets you make the decision. 


>~ Speeds reports to your clients. 


, It frees you for more challenging professional roles. 
It inspires confidence through constant program updating. 
And there's no downtime. 


Finally, you don't have to own it. Install for one year 
Laer F fa 75% a month less than purchased systems. Worth a try? 
Doctor's |f-CaRDIOLOGIST || | "^ Call Dave Mitchell at (319) 556-3131 or write for full details. 


OFFICE COMPUTER 
cJ JL ye "z 4 


\ 


> fe we mean business’ 
medical computer company 


Dubuque Building, Suite 520, P.O. Box 1278G, Dubuque, lowa 52001 
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Little things like this make ou 





Monolithic integrated circuit package from a Telectronics 150 series pulse generator. Actual size of the integrated circuit is 2mn 
2mm (Ey. Two of these circuits incorporate over 90 % of electronic functint to substantially reduce risk of electronic malfunctic 


SE Te Ty ee ee ee ERE ENTENT 


xacemaker a lot more dependable. 


Telectronics is the first company in the world to 
offer a range of implantable pacemakers with 
monolithic integrated microcircuitry. This advanced 
technology permits almost all pacemaker electronic 
function to be incorporated into two monolithic 
integrated circuits like the one shown here. Apart 
from the obvious benefit of reduced size, the reduced 
number of electronic components minimizes the 
chance of malfunction. 
Circuits: integrated for reliability. These circuits 
in the Telectronics 120, 140 and 150 series of pulse 
enerators have now been used clinically in more 

than 12,000 units implanted since 1973 — with no re- 
orted i.c. malfunctions. Double redundant connections 
urther insure an extra degree of reliability that no 

other pacemaker can match. Telectronics has also 

pioneered other important advances — with a number 

of advantages for you and your patients. 

Titanium: the case against corrosion. Immune to 
corrosive attack by body fluids, titanium optimally 
combines high strength and low density. All 
Telectronics pulse generators are encapsulated in 
titanium and welded by a patented Telectronics 
process that insures hermeticity. This unique process 
of encapsulation with hermetic sealing is not prone 
to the corrosion or loss of hermeticity that may occur 
with stainless steel or other alloys. In over 6 years of 
clinical use there has been no reported instance of 
corrosion or loss of hermeticity in any Telectronics 
pulse generator. 

Lithium: the power for the future. Now in the 
fifth year of clinical use, the odierna of the lithium 
prinriple has been well demonstrated in over 50,000 

ithium cells implanted to date. When combined with 
the unique circuitry of Telectronics pulse generators, 
projected performance of the long-life lithium cell and 
time course of energy discharge can be easily calculated 
to determine elective replacement. 

No other pacemaker available anywhere combines 
so many of the most desirable features of pacemaker 
design and function. Telectronics is the first company 
in the world to combine them all: reliable monolithic 
integrated circuitry, predictable lithium power, and 
Sj ^ giros with hermetically sealed titanium. 

of these advanced features are available in 
a range of implantable pulse generators of dimensions 
and battery sizes to suit individual patient needs. 

Call or write for the Telectronics Reliability Report 
or other technical assistance. 





o 


TELECTRONICS 


8560 Main St. Buffalo, N.Y. 14221 
24-hr. Toll Free Phone 

No.: 1-(800) 828-7747. 

Head Office: 2 Sirius Road, Sydney, 
Australia 2066. Telex: 20576 
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26th Annual Scientific Session 
of the 


American College of Cardiology 


March 7-10, 1977 Las Vegas 


e Opening Plenary Session Speaker e Reports of Origina! Investigation e Luncheon Panels 
—Michael E. DeBakey, M.D., F.A.C.C. 
Houston, Texas 


Self-Assessment on Complex ECG Core Curriculum 


e Special Symposia on: Patterns 


Unstable Angina 
Exercise Testing 


e Controversies in Cardiology 


Meet the Experts Session 


Electrocardiography e Convocation with Noted Speaker 

Echocardiography e Fireside Conferences followed by Dinner Dance 

Myocardiography ; 3 | | 

Myocardial Imaging e Young Investigators Award e Eighth Annual Louis F. Bishop 

Treatment of Hypertension Competition Lectureship 

Surgery for Valvular and —Donald D. Reid, M.D., D.Se., 
Coronary Heart Disease e Technical & Scientific Exhibits F.R.C.P. London, England 
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EVENT 1 LEVEN PEA O3 


1. Comprehensive, 
first-pass dynamics of cardiac wall motion 








NORMAL PATIENT. Anterior View. Ejection Fraction 63%. (A) Image at End Systole shows volume displacement flow is maximum in the 

aorta and volume is minimum in the ventricle. (B) Image shows that volume displacement flow is minimum in the aorta and volume is maximum 
in the ventricle at End Diastole. (C) ES, with perimeter at ED superimposed, shows normal volume displacements and symmetric wall motion 
band due to motion of the septal and lateral walls. (D) Subtraction of stroke volume from ES, with ED perimeter superimposed, shows that all 
volume displacements in the stroke volume exceed volume components in residual distribution at ES. 





ABNORMAL PATIENT. Anterior View. Ejection Fraction 34%. (A) ES, showing spatial distribution of volume components. Abnormally 
high residual volume at ES in the ventricle compared to volume flow components in the aorta. (B) ED, showing distribution of left heart 
volume components. Comparison with ES suggests relative lack of ventricular volume displacement during systole. (C) Lack of wall motion 
is indicated by very narrow wall motion band between ED perimeter and the ES distribution along the septal wall to the apex. Wall motion 
of the lateral wall is closer to normal. (D) Volume component in ES distribution exceeds stroke volume displacement because of reduced 
anterior or posterior wall motion proximal to the septal wall. 


Shown here are stop-action data extracted from the representative cycle of first-pass images showing 
hemodynamics of the left heart, including volume distribution of end systole, end diastole, end systole with 
the end diastolic perimeter superimposed, stroke volume subtracted from end systole with end diastolic 
perimeter superimposed. These images provide the basis for the clinical diagnosis of ventricular wall motion, 
in addition to providing data for a closer examination of specific areas for evidence of hypokinesia, akinesia, 


or'dyskinesia. 


Because of the high count rate of System Seventy Seven’s multicrystal matrix detector, no ECG gating was 
required. These studies are therefore unique in nuclear medicine and, because of the computer built into 
the system, remarkably fast and easy to perform. There is simply no other gamma camera that can do all 


that you see here. 


3 BAIRD-ATOMIG 


Home Office: Baird-Atomic, Inc.. 

125 Middlesex Turnpike, Bedford, Mass. 01730 
Tel. (617) 276-6000 — Telex: 923491 — 

Gable: BAIRDCOBFRD 


International Sales and Service: 


BAIRD-ATOMIC (Europe) B V. Veenkade 26-27-28a. The Haque. Holland 

Telephone: (070) 603807. Telex: 32324 Cable: BAIRDCO HAGUE 

BAIRD-ATOMIC, LIMITED, East Street, Braintree. Essex, England 

Telephor e: Braintree 628. Telex: 987885. Cable BAIRTOMIC 

BAIRD-ATOMIC, Ind. E Com.. Ltda., Av. Paulista, 2073-14 c/1412, 0131 1 Sao Paulo, SP. Bra; 
Telephone: (011) 289-1948. Telex: 01122401. Cable: BAIRDATOMIC SPAULO 


BE SURE TO SEE US AT THE LAS VEGAS 
MEETING IN MARCH. 


A127 


Why is the unique 
depth compensation 








A (TGC) design of the 
-mode- 
ECHO-CARDIOTRACE 
(ECT) so important 
^ 
TGC to you: 
Curve 
e With the ECHO-CARDIOTRACE, you see what 
! py o" , JE you are doing. The A-mode and the depth 
k M 10979 VIP aar (aM adjustments are displayed on the same monitor 
|i WA has 03 so that while you are adjusting the gain to the 
M Iq k br KS LO Mi heart structures presented by the A-mode, you 
-mode- Lj mu 2907 ca) UA) really see what happens. 
2M oed. tm LATI 
ee ANN M See 
L £n sos Va WINES. » The depth compensation of the ECHO- 
Ion Ph RT CN Au CARDIOTRACE provides you not only with an 
fa} CUN. marae A! anterior depth compensation control, but also 
| j MAE cb ts: CORN with posterior depth compensation control, 
« [i ry to SORA which will enable you to get more refined 
i Ce ae yum. images of the posterior part of the heart while 
je d pra NEAR : maintaining other landmark echoes at op- 
| MAY Bs. * 2 timum levels. 
"4i 153) aco P C 
l ANM pem Burk e The depth compensation of the ECHO- 
| (T ^" QC CARDIOTRACE can be adapted continuously. 
j p» | Y. Mo To adjust to all structures from pediatric to 
| d ie ty m, adult, you need a continuously adaptable 
[5^ E IR BR S compensation like the one of the ECHO- 
i nd + XS CARDIOTRACE. This is not possible with step- 
* jap. eme. MEE by-step adjustments, with sometimes as much 
rq My EU as 2 cm between each step, and not sufficient to 
| £ TUE EX adapt to different physiological structures you 
^ Y. ND will come across during your investigations. 


METRI2A, Incorporated 


876 VENTURA ST è AURORA (DENVER) COLO. 80011 
(303) 343-8330 (COLLECT) 





O | am interested in the (4) four plans for equipment acquisition. 
O | am interested in the FREE trial period. 
[] | am interested in a demonstration. 
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1. Introduction to Recent Advances in 
Pathogenesis and Management of 


Congestive Heart Failure | ,—. ^ 


2. Structural Conditions in the Hyper- 


Mechanisms, Evaluation and Treatment trophied and Failing Heart — H.M. 


Spotnitz and E.H. Sonnenblick. 
3. Abnormal Biochemistry in Myocardial 


A Must book for your library. This comprehensive and meticulously Failure — A. Schwartz, L.A. Sordahl, 
: i M.L. Entman, J.C. Allen, Y.S. Reddy, 
organized text provides thorough and complete coverage of this common M.A. Goldstein, R.J. Luchi and L.E. 
aL DEA . , Wyborny. 
classification of abnormal heart function. More than 50 of the world’s 4. Ribonuclsic Acid Polymerase and 
e . : ed Adeny! Cyclase in Cardiac Hyper- 
foremost authorities on the subject are contributors to this important new trophy -and: Cardiomyopathy += K-O. 
. > 3 . ; 3 ; Nair, T. Umali and J. Potts. 
work. Contributors include: Sonnenblick, Schwartz, Wikman-Coffeit, 5. Myofibrillar Proteins and the Con- 
Katz, Gunning, Coleman, Amsterdam, Covell, Rackley, Russell, Feild, tractile Mechanism in the Normal and 
i T Failing Heart — J. Wikman-Coffelt, C. 
Smith, Williams. Fenner, A.F. Salel, T. Kamiyama and 
; D.T. Mason. 
Dean Mason, editor of the book and author or co-author of many of the 6. Effects of Ischemia on the Contractile 
P yh E 12-9 Processes of Heart Muscle — A.M. 
chapters, has written over 300 original scientific papers on clinical Katz. 

: TET 7. Alterations of Cardiac Sympathetic 
cardiology and cardiovascular research. An up-to-date authoritative text Neurotransmitter . Activity. in: Con- 
: Dr. gestive Heart Failure — H.L. Ruten- 

on Congestive Heart Failure has been long awaited. Thanks to Dr Bed ani TE. Spent uie 
Mason and his colleagues, we do not have to wait any longer. 8. Contractile and Energetic Behavior of 


Hypertrophied and Failing Myocar- 
dium — G. Cooper, IV, J.F. Gunning, 
C.E. Harrison and H.N. Coleman, III. - 
9. Regulation of Cardiac Performance in . 
Clinical Heart Disease: Interactions 
Between Contractile State, Mechani- 
cal Abnormalities and Ventricular 
Compensatory Mechanisms — D.T. 
Mason. 

10. Peripheral Circulatory Control 
Mechanisms in Congestive Heart 
Failure — R. Zelis, J. Longhurst, R.J. 
Capone, G. Lee and D.T. Mason. 

11. Function of the Hypoxic Myocardium: 
Experimental and Clinical Aspects — 
A.E. Amsterdam. 

12. Nature and Significance of Alterations 
in Myocardial Compliance — J.W. 
Covell, 

13. Renal Function and Edema Formation 
in Congestive Heart Failure — M.J. 
Tonkon, S.M. Rosen and D.T. Mason. 

il. Evaluation 

14. Physical Findings in Heart Failure and 
Their Physiologic Basis — R.A. 
O'Rourke and M.H. Crawford. 

15. Echographic Evaluation of Cardiac 
Function — A.N. DeMaria, A.L. Neu- 
mann and D.T. Mason. 

16. Cardiac Catheterization in the Clinical 
Assessment of Heart Disease and 
Ventricular Performance — D.T. 
Mason, R.R. Miller, D.S. Berman, L.A. 
Vismara, D.O. Williams, A.F. Salel, 
A.N. DeMaria, H.G. Bogren, G.L. De- 
Nardo and E.A. Amsterdam. 

17. Catheterization Evaluation of Cardiac 
Function in Acute and Chronic Coro- 
nary Artery Disease — C.E. Rackley, 
R.O. Russell, Jr., R.E. Moraski, J.A. 
Mantle, B.J. Feild and M. Smith. 

ill. Treatment 

18. Management of Chronic Refractory 
Congestive Heart Failure — D.T. 
Mason, R.R. Miller, D.O. Williams, 
A.N. DeMaria, L.D. Segel and E.A. 
Amsterdam. 

19. New Developments and Therapeutic 
Applications of Cardiac Stimulating 
Agents — J.F. Williams, Jr. 

20. The Digitalis Glycosides: Clinical 

CONGESTIVE HEART FAILURE Pharmacology and Therapeutics — 


D.T. Mason, E.A. Amsterdam and G. 


Order your trial copy now. 
B Approximately 530 double-column pages with 250 
illustrations and extensive references/$35.00 








“must 
book" 


DEAN T. MASON, M.D. 
Chief—Cardiovascular Medicine 
School of Medicine 

University of California, Davis 





YORKE MEDICAL BOOKS 
666 Fifth Avenue, N.Y., N.Y. 10019 


Lee. 


Yes, please reserve —  . copies of Congestive Heart Failure. 21. Ventricular Afterload Reducing 
O | enclose payment (publisher absorbs handling charge). dna Ne Soph 5. i el age 
O Bill me and add $1.00 for handling charge. A.N. DeMaria. E.A. Amsterdam and 
C] Foreign Orders: Pre-payment required. Note: Add $2.00 for surface shipment; D.T. Mason. 

$4.00 for air shipment. 22. Myocardial Infarction Shock: 


Mechanisms and Therapy — E.A. 
Amsterdam, A:N. DeMaria, J.L. 
Hughes, E.J. Hurley, A.J. Lurie, D.O. 

















° Lr ^ K Williams, R.R. Miller and D,T. Mason. 
Address DA Sa 23. Antiarrhythmic. Agents: Clinical 
: Pharmacology and Therapeutics — 
City _________________________State Zip —___________. D.T. Mason, A.N. DeMaria. E.A. 
AJC 2/77 Amsterdam, L.A. Vismara, R.R. 


*In New York State add appropriate sales tax. Miller, Z. Vera and R.A. Massumi 
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VS-4D 
The Anywhere’ 
Tec 


In the hospital, in the field, in the 


home — there simply are times when 


you can't find an outlet or bring the 
patient to the machine. That's when 


the portable VS-4B can save the day. 


With no power cord or extensions 
needed, the VS-4B’s rechargeable 
batteries allow recording for four 
continuous hours — the equivalent 


of over 150 complete 12-lead ECG'’s, 


or a full week's normal operating 
capability. So whether a patient is 
out in the hall, in a room crowded 
with other instruments or even 
outdoors — the VS-4B is ready to 
record on the spot! The front panel 
meter eliminates guesswork about 


Heve 
Dattery, 
Will 
Travel... 


battery status. To recharge the 
battery, just plug itin and 

forget it...it will completely 
recharge overnight. The VS-4B will 
also operate from a conventional 
power line. 


Ready to record? Just select a lead, 


switch on the VS-4B and without any 


warm-up, enjoy the same high 
performance the standard VS-4 is 
known for. You get the same unique 


e- DIATErT) *ledaidallatali-Taialalla 


for writing accuracy ... unmatched 
by any edge-or ink writing system 
the same high-frequency recording 
capability and the same drop-in 
paper loading ease. 


Choose 48 or 63 mm wide paper, 
speeds of 25 and 50 mm/second, 
sensitivities of 2, 5, 10 and 20 
mm/mV. The VS-4B meets UL, 
CSA and American Heart Associa- 
tion standards. Contact: 
Cambridge Instrument Company, | 
73 Spring St., Ossining, N.Y. 10562 
Phone (914) 941-8100. 


Cambridge 
Instrument 
Company, Inc. 


first in electrocardiography 








à tS 
5 f 
A 


- .. FOR GOOD CARDIAC OUTPUT MEASUREMENTS 





SORE RCT 


* AUTOMATIC REFILLING 

INJECTION RATE: 7ML/SEC 

INJECTION VOLUME: 1 TO 10ML ADJUSTABLE 
POWERED BY COMPRESSED AIR 

REMOTELY OR MANUALLY CONTROLLED 
5000 INJECTION FROM ONE AIR BOTTLE 


- “CARDIOMAX” CIRCULATORY SYSTEM COMPUTER 


* + +++ 





; 
à i RU emt —— MEASURES: 

s : * CARDIAC OUTPUT 

We * MEAN TRANSIT TIME 

bs * CENTRAL BLOOD VOLUME 
S * SYSTEMIC RESISTANCE 

5 * THREE BLOOD PRESSURES 
r js DYE OR THERMODILUTION 
ph. 

ee 

hes, 

3 Thermodilution Cardiac Output Computer 
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$ CARDIOTHERM-500” 
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e 
Ks 
- .. *WILL WORK WITH ANY THERMISTOR CATHETER. 
» “RECHARGEABLE BATTERY-OPERATED; WILL MAKE 100 CAR- 
DIAC OUTPUT MEASUREMENTS ON ONE BATTERY CHARGE. 
“AUTOMATIC MEASUREMENT AND ENTRY OF BODY TEMPERA- 
" TURE AND INDICATOR TEMPERATURE. 
= *FAUTOMATIC ZEROING. 
-~ *ISOLATED CHART RECORDER OUTPUT. 
|»... *FEXTRAPOLATES DILUTION CURVE. 
..... *SMALL VOLUME ROOM TEMPERATURE INJECTIONS. 
» . *PRICE: $3,300.00. 








"P. COLUMBUS INSTRUMENTS mmc 


Phone: (614) 488-6176 950 N. Hague Avenue 
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Injection 


Columbus, Ohio 43204, USA 





POR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


INDICATIONS For the emergency reduction of blood pressure in malignant 
hypertension in hospitalized patients, when prompt and urgent decrease of 
Giastolic pressure is required. Treatment with orally effective antihypertensive 
agents should be instituted as soon as the hypertensive emergency is controlled. 
HYPERSTAT I.V. Injection is ineffective against hypertension due to pheo- 
chromocytoma, 


CONTRAINDICATIONS It should not be used in the treatment of compensatory 
pertension, such as that associated with aortic coarctation or arteriovenous 
unt, nor in patients hypersensitive to diazoxide or other thiazides, unless the 

potential benefits outweigh the possible risks. 


WARNINGS Safety in pregnancy and in children has not yet been established. 
Information is not available concerning the passage of HYPERSTAT ín breast 
milk, However, it is known that diazoxide crosses the placental barrier and 
appears in cord blood, Like other thiazides, the drug may produce fetal or neo- 
natal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, 
and possibly other adverse reactions that have occurred in adults. Hypotension 
may occasionally result. If severe enough to require therapy, it will usually 
respond to the administration of sympathomimetic agents, such as norepine- 
phrine. Hyperglycemia occurs in the majority of patients, but usually requires 
treatment only in patients with diabetes mellitus; it will respond to the usual 
management, including insulin. Therefore, blood glucose levels should be moni- 
tored, especially in patients with diabetes or in those requiring multiple injec- 
tions of diazoxide. Hyperglycemia and hyperosmolar coma associated with 
transient cataracts developed in one infant receiving repeated daily doses of 
oral diazoxide. The disturbed carbohydrate metabolism was successfully treated 
with. insu!in. Cataracts have been observed in a few animals receiving repeated 
Gaily doses of intravenous or oral diazoxide. Since diazoxide causes sodium re- 
tention, repeated injections may precipitate edema and congestive heart failure. 
This retention responds characteristically to diuretic agents if adequate renal 
function exists. Concurrently administered thiazides may potentiate the anti- 
hypertensive, hyperglycemic, and hyperuricemic actions of diazoxide (See Drug 
Interactions). Since increased volume of extracellular fluid may be a cause of 
treatment failure in nonresponsive patients, it may be advisable to reduce this 
increased volume by means of a diuretic agent. Although no evidence of exces- 
sive anticoagulant effects has been reported, patients, especially those who are 
hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its de- 
rivatives, may require reduction in dosage of the anticoagulant (See Drug 
interactions). 


PRECAUTIONS HYPERSTAT (diazoxide) I.V. Injection is a potent antihyperten- 
Sive agent requiring close monitoring of the patient's blood pressure at fre- 
Guent intervals. Its administration may occasionally cause hypotension requiring 
treatment with sympathomimetic drugs. Therefore, adequate facilities to treat 
such untoward reactions should be available. It should be administered only into 
8 peripheral vein, Because the alkalinity of the solution is irritating to tissue. 
extravascular injection or leakage should be avoided; subcutaneous administra- 
tion has produced inflammation and pain without subsequent necrosis. If leak- 
age into subcutaneous tissue occurs, the area should be treated conservatively. 
Maximal antihypertensive effects occur after rapid administration (within 30 
seconds) into the vein; a slower injection may fail to reduce blood pressure or 
produce a very brief response. As with any potent antihypertensive agent, 
PYPERSTAT I.V. Injection should be used with care in patients who have im- 
paired cerebral or cardiac circulation, that is, patients in whom abrupt and 
brief reductions in blood pressure might be detrimental. Special attention is 
required for patients with diabetes mellitus and those in whom retention of salt 
and water may present serious problems (See Warnings). Nondiabetic patients 
may have a transient, reversible, and clinically insignificant increase in blood 
glucose following HYPERSTAT I.V. Injection. Since peritoneal dialysis or hemo- 
cialysis can reduce levels of diazoxide in the blood, patients undergoing dialysis 
may require more than one injection. 

ADVERSE REACTIONS 


Frequent and serious adverse reactions: Sodium and water retention 
after repeated injections, especially important in patients with impaired cardiac 
reserve; hyperglycemia frequently requiring treatment in diabetic patients, 
especially after repeated injections. 

Infrequent but serious adverse reactions: Hypotension to shock levels; 
myocardial ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electro- 
cardiographic changes; cerebral ischemia, usually transient but possibly leading 
to thrombosis and manifested by unconsciousness, convulsions, paralysis, con- 
fusion or focal neurological deficit, such as numbness of the hands; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, 
Such as rash, leukopenia, and fever. Rarely, acute pancreatitis has been reported. 
Papilledema, induced by plasma volume expansion secondary to the administra- 
tion of diazoxide, was reported in one patient who had received eleven injec- 
tions over a twenty-two day period. 

Other adverse reactions: Vasodilative phenomena, such as orthostatic 
hypotension, sweating, flushing, and generalized or localized sensations of 
warmth; supraventricular tachycardia and palpitation; bradycardia; various 
transient neurological findings secondary to alterations in regional blood flow 
to the brain, such as headache (sometimes throbbing), dizziness, lightheaded- 
mess, sleepiness (also reported as lethargy, somnolence or drowsiness), euphoria 
or “funny feeling’’, ringing in the ears and momentary hearing loss, and weak- 
ness of short duration; chest discomfort or nonanginal “tightness in the chest”; 
transient hyperglycemia in nondiabetic patients; transient retention of nitro- 
genous wastes; and various respiratory and gastrointestinal findings, secondary 
to the relaxation of smooth muscle, such as dyspnea, cough and choking sensa- 
tion; nausea and vomiting and/or abdominal discomfort, anorexia, alteration in 
taste, parotid swelling, salivation, dry mouth, lacrimation, ileus, constipation 
and diarrhea. Also, warmth or pain along the injected vein; cellulitus without 
sloughing and/or phlebitis at the site of extravasation; back pain; and increased 
nocturia, Apprehension or anxiety, malaise and blurred vision occurred on single 
occasions, 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may 
displace other substances or drugs which are also bound to protein, such as 
bilirubin or coumarin and its derivatives. These potential interactions must be 
cansidered when administering HYPERSTAT I.V. Injection, The concomitant ad- 
ministration of diazoxide with thiazides or other commonly used potent diu- 
retics may potentiate the hyperglycemic, hyperuricemic, and antihypertensive 
effects of diazoxide. 


OVERDOSAGE Overdosage may cause an undesirable hypotension. Usually, this 
can be controlled with sympathomimetic agents, such as norepinephrine; failure 
of the blood pressure to rise in response to such an agent suggests that the 
hypotension may have been caused by something other than diazoxide. Exces- 
sive hyperglycemia resulting from overdosage will respond to conventional 
therapy of hyperglycemia, Diazoxide may be removed from the blood by peri- 
teneal dialysis or hemodialysis. SWW-4940R1 


SCHERING CORPORATION, KENILWORTH, N.J. 07033 
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reduction of blood pressure 
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gs DIAZOXIDE 


“The injection of the [diazoxide] bolus in 10 to 15 seconds results 
in a prompt blood pressure fall in a high percentage of cases. A maximal 


in malignant hypertension 
direct-action 
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INJECTION 
20 ml ampule 
contains 300 mg 





blood pressure response usually occurs within 5 to 10 minutes. * 


a Rapid reduction to normotensive levels 

Induces rapid reduction of blood pressure generally 
within 5 minutes. ..often in 1 or 2 minutes to the lowest 
level achieved. Blood pressure response facilitated by 
appropriate diuretic therapy. 


O Prolonged activity 

A single injection of HYPERSTAT I.V. generally maintains 
blood pressure below pretreatment levels for periods 
up to 12 hours. 


O Protective action —helps avert target 
organ damage 

Cardiac output increases as diastolic pressure is 
reduced. Coronary and cerebral blood flow maintained. 
Increased renal blood flow after transient decrease. 


Administration guidelines 





4 Fill dry syringe with appropriate dose 2 Hospitalized patient should be 
. » recumbent. Insert needle only into 
a peripheral vein. 


of HYPERSTAT I.V. Injection (20 ml 
ampule contains 300 mg diazoxide). 





3 Uncomplicated procedure 

Simple I.V. “push” in a peripheral vein in 30 seconds or 
less. Close monitoring at frequent intervals is necessary 
until blood pressure is stabilized (generally 15-30 minutes), 
Thereafter, hourly measurement should be taken during 
the balance of effect. 


rj Convenient...no preparation 


HYPERSTAT I.V. supplied as a 20 m! ampule containing 
300 mg diazoxide in ready to use solution. 


*Marvin Moser, M.D.. Assistant Professor of Clinical Medicine, Albert 
Einstein College of Medicine, and Chief of Cardiology, White Plains 
Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 
accelerated hypertension. Am Heart J 87(6): 791-795, June 1974 





3 Inject entire dose |.V. in 30 seconds or 
. less. Remove needle carefully— 
avoid extravasation. 





4 Keep patient recumbent for at least half If patient is to be ambulatory, measure 
. ir BP in standing position before ending 


an hour after injection; monitor BP 
closely until stabilized — usually 15-30 
minutes. 


surveillance. 


Copyright © 1975, 
Schering Corporation. 
All rights reserved. 


HYPERSTAT I.V. Injection should be 
« continued until a regimen of oral 
antihypertensive medication becomes 
effective (generally within a few days). 


Before prescribing HYPERSTAT I-V. Injection, please consult complete product information, 
a summary of which appears on the facing page. 
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PERFORMING STRESS TESTS? 


CONTROL THEM With GO 


Stress testing requires accurate control and monitoring 
of cardiac output. That means utilizing an exercise device 
which will maintain the subject's heart rate at a constant 
BPM by varying the work load. That means Pedalmate! 


The Pedalmate is an ergometer which offers two modes of 
operation. In the ‘Heart Rate Control Mode,’ the work load 
is automatically varied by means of a feedback control 
signal which is proportional to the difference between the 
subject's actual heart rate and a preset, selectable heart 
rate. The subject s actual heart rate is detected by a blood 
pressure wave transducer which attaches comfortably to 
the earlobe. The fine adjustment in work load makes it 
possible to exercise the subject at a preset heart rate level 
for a preselected time. 


When in the ‘Manual Mode,’ the Pedalmate presents the 
subject a constant load (manually variable) which re- 
mains constant independent of pedal rate. 


SPECIFICATIONS 
Heart Rate Control Accuracy: +5 BPM 
Heart Rate Accuracy: +2% of reading 
Watt Load Accuracy: +5% of reading 
Pedal Rate Accuracy: +2% of reading (0-120 rpm) 
Heart Rate Range: 40 to 180 BPM 
Watt Load Range: 25 to 200 watts 
(150 to 1200 KPM/min.) 
Pedal rpm Range: 0-120 rpm (30-120 rpm 
constant work) 
Timer Range: 0 to 30 minutes 


Lamp Indicators: AC Power Lamp, Heart Beat 
LED, Heart Control Program 
Run Lamp 
Meters: Heart Rate (BPM), 
Pedal Rate (rpm), 
Work Load (watts) 


Other Controls: Mode Select Switch, 
Preset Heart Rate Dial, 
Manual Watt Load Control, 
Key Power Switch 

Output Signals: Heart Rate CAL Factor = 
1 BPM/50 mv. 
Watt Load CAL Factor = 
1 watt/50 mv. 


For additional information, write or call 


Warren E. Collins, Inc., 220 Wood Road 
Braintree, MA 02184 Tel. (617) 843-0610 
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When elevated cholesterol calls for decreased saturates... 


Mazola helps. 


Helps lower serum cholesterol 


Serum Cholesterol 


(mg./dl.) 


In this study, a standard diet was modified to produce a 

moderate cholesterol-lowering diet, using skim milk, lean 

meats, fish, two eggs per week, poultry, and Mazola® corn oil 
Moderate cholesterol- and corn oil margarine. The average decrease in serum 


220 











200 lowering diet Mean moderate-dier Cholesterol for the 12 subjects was 17%. Serum cholesterol 
change — 205 mg /dl. was reduced even more (average of 2976 for 36 subjects) 
to 171 mg/dl. whena strict diet was used, which excluded butterfat and 

180 margarine, further reduced meat and eggs, and allowed 


M i Mazola corn oil as the only visible fat. All changes were 
ean strict-diet : : . +f 
Maie = 20 mg/dl: considered highly significant. 


to 142 mg/dl. Mazola corn oil and margarine 


Strict cholesterol- 
lowering diet 


help diet adherence 
140 For cholesterol control, long-term adherence is essential. 
To gain patient acceptance, the polyunsaturated fats used 
Adapted from Anderson, J.T., Grande, F., and Keys, A.: Cholesterol- must pass the test of taste. For flavor and lightness, Mazola 


lowering diets, J. Am. Diet. Assoc., 62:133, 1973. corn oil and margarine qualify. 


Helps patients live with the diet 


Physician Aids...Mazola helps you evalu- 
ate and educate the high-risk patient with 
(1) "Coronary Risk Handbook." (2) Pad of 
coronary risk assessment and management 
forms. (3) Desk pad of heart anatomy. 


Send coupon for 
your Mazola resources file 


A professional file of 11 patient and physician 
aids for reduction of risk in atherosclerosis 
and coronary heart disease is now available à zs | i a iy 
MEME d Biberon 
Dr. D.M. Rathmann, Mazola Nutrition Marga ine » (5) "Learn... before its too late’ 282 208 
Information Service, Best Foods, a Division e eru d Learn. ..bei 52-pag 

of CPC International Inc., Department MH, nutrition learning system for patients with 


Box 307, Coventry, Ct. 06238. e Pe film order form. (6) Reprint of “Cholesterol-: 
Included are: DA lowering diets: Experimental trials and 

; ; AA. literature review.’ (7) “Nutritive Values of 
Patient Aids...Mazola helps your patients M; Food Products Made by Best Foods” (8) “A 


live with a cholesterol-control diet with 
(1) “A Diet for Today’— practical menus and 
recipes for cholesterol control. (2) “Beyond 


Diet...Exercise Your Way to Fitness and Heart 3 p | ne 
Mazola 


Note to Professionals about A Diet for Today: " 














2 
Health” (3) “Q & A, Fats and Oils” ' i f 
Corn Oil & Margarine 
Dr. 
Name 
Street Address 
City . State — . Zip Code 
€ COPYRIGHT 1976 AJC-9 BFR-881 
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“We've learned that tr 

most effective pacer therar 
includes remote monitoring 
SO We Speci 

a patient transmitte 
with the pacemaker 
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The ESB Medcor Pacer System. It's a pacer and a patient transmitter 
which provide the ultimate in pacer therapy ... through the conven- 
ience of complete pacer—and patient—check-up by telephone from 
the time of implant. It's the only system that combines components 
designed, engineered and precision-made by the same manufacturer 
for total patient management: a clinically proven lithium pacer 
interfacing with the monitoring transmitter used by more pacer 
patients than any other. 





The PACER-CHECK® system transmitter. No other transtele- 

phonic monitoring unit provides more useful data for post-implant ` 
pacing surveillance. The lightweight, portable Pacer-Check pa- N 
tient unit transmits pacer rate and/or interval, patient ECG with & 
pacer artifact for sensing/capture evaluation—even pulse-width Se 
measurement—direct to the receiving unit by telephone | IMS 
between two points anywhere in the world. Just a 2-minute 
call gives you the data you need for complete patient 
follow-up at any time. And gives your patient 
a sense of confidence and security not 
otherwise possible. 











The LITHICRON Model 3-70C lithium pace- 
maker. Ultra thin (1.40 cm) and lightweight d 
(73 grams), the Lithicron has a calculated wet MR 
life expectancy of up to 10 years. Lithium Aelii 
power cells with the highest energy density of 
any pacemaker, plus the proven integrity of the 
ESB Medcor electronic circuitry make the difference. 
Both the Lithicron cell system and the Lithicron 
circuitry are hermetically sealed in a case of lightweight 
titanium ...for maximum protection against invasion of 

- body fluids, and resistance to electromagnetic interference. 
Where preferred, the ESB Medcor pacer system is also 
available with a mercury-zinc powered Model 3-70B pacer. 


The cost of the ESB Medcor Pacer System? It can be substantially less 
than the combined cost of the individual components, resulting in both 
clinical and administrative cost effectiveness. 


- Now, pacing state-of-the-art technology makes it especially beneficial for 
you—and your patients—to specify a pacemaker system when you specify 
the pacer. Our representative can help you implement the one system 
made to work together—The ESB Medcor Pacer System. For the name of 
the representative in your area, or for more information, write: ESB Medcor, 
Inc., Dept. B., 5920 Rodman Street, Hollywood, FL 33023. Or call toll-free 
800-327-9780. 


(esi) 


ESB MEDCOR, INC. 
5920 Rodman Street 
- Hollywood, Fla. 33023 - 


*In Florida call collect 305-966-5900. 
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For Critical Care... 





Use Infrasonde" for accurate 
blood pressure 


The Infrasonde? Electronic Blood Pressure Monitor 
(Model 3000) for critically ill patients of all ages 
and conditions. This specially designed indirect 
blood pressure monitor works well on the pre- 
mature neonate and the very obese adult. 

The unique infrasonic pulse detection system 
utilized on the Infrasonde is so sensitive that 
determinations can often be made when no periph- 
eral pulse is detectable by either palpation or 
auscultation. Infrasonde detects arterial wall flutter 
at sub-audible frequencies. The signal is converted 
to an AM-FM modulated audio tone for easy 
systolic and diastolic determinations. Automatic 
gain control provides a more accurate diastolic 
reading. 

Infrasonde’s improved transducer is more rugged 
and less expensive than those on ultrasonic devices. 
Although theoretically the monitor may be affected 
by interference from some electro-surgical devices, 
the company has received no reports of such in- 
terferences. And, unlike doppler Aana devices, 
no energy is put into the body. Thus, transducer 
placement is less critical and requires no gel. 

It’s completely portable. (6.2 pounds) and it’s 
battery operated with automatic on/off. 





With a wide 
range of cuffs 
available, 


4 different cuff 
sizes, for 


neonate to 
pediatric. blood 


A unique dual 
differential 
transducer 
uses two 
piezoelectric 
transducers 
connected in 
opposition to 
minimize the 
effect of 
mechanical 
vibrations. 


Suitable also 
for use with the 
small pre- 
mature infant. 


pressures can 
be obtained on 
the thigh, calf 
or forearm as 
well as the 
upper arm. 


For complete information call or write your 
local distributor or contact us direct at: 


Marion Scientific Corporation 


a Marion Laboratories Company 
IMI 9233 Ward Parkway 
Kansas City, Missouri 64114 


Phone (816) 361-6222 























Heart- and circulat 
diagnostics... 


MULTISCRIPTOR EK33 

e 3-chan. electrocardiograph 

e new dimensions in multi- 
channel electrocardiography 

e compact, light-weight design, 
truly portable, even with power 
supply and charger incorporated 
only 8.1 kg 

e latest electronic circuitry 

e line and/or battery operation 
e high quality direct recording 
on thermoreactive chart, 

40 mm/channel 

e in compliance with inter- 
national safety recommenda- 
tions e floating input 


MULTISCRIPTOR EK 2 
6-channel electrocard 
features 36 program c 
binations selectable v 
combination switches 
standard lead configu 
including Frank. Phong 
graphy in 4 frequenc 
Pulse recording. Expe 
inputs. 12 paper speed 
mum 250 mm/s. 


SIMPLISCRIPTOR EK31 — 
compact, easy-to-operate single- 
channel electrocardiograph for 
line and battery operation. Built, 
in power supply and charger. 
40-mm writing width on thermo- 
reactive recording chart. High 
interference protection. Baseline 
stabilization on occurrence of 
artefacts. Optional floating input 
and/or automatic lead marking. 
All standard leads can be record- 
ed with the conventional or the 
Cabrera system. The instrument 
is in protection class II for high 
patient safety. 


HELLIGE [A 


PARTNERS IN MEDICINE 


HELLIGE GMBH 
Heinrich-von-Stephan- 
D-78 Freiburg im Breisq 
Telefon (07 61) 40111 
Telex 07 72705 


State-of-the-art equipment on the international medical market: 
HELLIGE means precision and reliability. Behind each piece of eq 
stands our worldwide sales-service organization. Detailed brochu 
our catalog, ,Biomedical Technology" are waiting for you. 

USA Representatives: Litton Medical Electronics 


7/77 Nicholas Blvd Elk Grove - Ill. 60007- 
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Were giving it away. 


We'll aive you a new Avionics 445 Mini- 
Holter Recorder. No charge. Then you send the 
recordings to us. We'll send you a complete 
report. 

Your dynamic cardiogram report will include 
a computerized quantitative analysis, a trend 
analysis of Heart Rate and ST segment levels, 
2-channel real-time recordings of abnormalities 
and symptomatology— completely mounted in 
booklet form. In 24 hours it's in and out of 
our hands. 

Our scanning system is designed to fit your 
system. It's easy, it's inexpensive — all you really 
need is the need. 


dvnamic cardiaco anhy SCANNING SERVICE 


| PO. BOX 1277 
PARAMOUNT, CALIFORNIA 90723 
(213) 633-6660 


Please send me more information about Omnimedical’s 
Dynamic Cardiography Service. 


| Name, Title 
| Organization 
| 





Omnimedical . - 
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When acute left ventricular failure 
brings on a sustained increase in 
pulmonary capillary pressure with 
subsequent pulmonary edema,’ 
the Auto-Quet* 
rotating tourniquet 
Is an ideal system 
to retard systemic 
flow to the 
right heart.? 

This auto- 








tourniquet 
does more than 


eliminate the manual 


application and release of con- 
Strictive pressures. An adjustable 
cycle can be precisely set as needed 
for each patient providing known 
pressures automatically timed for 
sequential application and release. 

Perhaps manual tourniqueting is 
no longer relied on in your hospital. 
but technological advance is not 
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complete until the Auto-Quet rota- 
ting tourniquet is used. There are so 
many nice refinements; things like: 
Stainless steel control valves 

(instead of enema bag 
clips); color coded 














visual disconnect 

r alarm; and many more. 

When your patient s 

- Little left ventrical is not 

producing, you can 

. Left count on organized and 

controlled relief with the 

Auto-Quet automatic rotating tour- 

niquet by Jobst. Write on your pro- 

fessional letterhead for literature or 

for an actual demonstration in your 

hospital. No obligation of course. 

When theres very little left-Auto-Quet® 

Freidberg. Chas. K.: Coronary Heart Disease, Text Book of 
Medicine, 1967, 12th Edition, pp. 634-657. 

2. Hellerstein, H. K., Rand, H. J., Brinza, J.: Automatic Rotating 

eum at Journal of Lab. & Clinical Medicine 46: 


Auto- pone Automatic, dash ctu st Jopet 
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Quality to pass the toughest test 





Each RED DOT Electrode is 


individually sealed...to prevent drying out of 
the gel before application...a feature that permits electrodes 
to bepreattachedtocables andstill remain fresh for application 


Engineered for rapid, convenient 
application. ..center sponge is prefilled with precise 
amount of gel for rapid application and dependable perform- 
ance...sponge is firmly held to electrode base by patented 
adhesive process... built-in abrasive pad for quick prepara- 
tion of skin 


Flat design minimizes movement 


artifacts. ..iow profile provides optimum contouring 
to body...no raised edges to catch on clothing or bedding 


Backed with MICROPORE" 


Surgical Tape.. virtuallynonirritating MICROPORE 

Tape ensures patient comfort by permitting skin ventilation 
while adhering firmly—even to perspiring patients. ..easily 
removed with little or no adhesive residue 


Complemented by a complete line 


of cables and adapters ...in five colors and 
18-, 24- or 36-inch lengths... pregelled RED DOT Foam Elec- 
trodes are also available, as are Nongelled Standard and 
Pediatric Electrodes for special monitoring requirements 


-your evaluation 


BRAND 


MONITORING ELECTRODES 
Medical Products Division rive 























3M CENTER:SAINT PAUL. MINNESOTA 55101 COMPANY 
SR OG Rk Sage AGS Meee ee 
| Forademonstration of RED DOT Brand Monitoring 

| Electrodes and a free supply for your evaluation, please 

| complete coupon and mail to: 

| Medical Products Division 

| 3M Company 

! 3M Center, 223-38 

| Saint Paul, Minnesota 55101. AJC 2/77 

| 

| Rame 2 ie 

Ae Pipe Bou ud t 

| Address 

Reece aes Piratas ie . 2^ 

| City State Zip Code 

| 

: Telephone 52 VR  . . AreaCode  . FrMiR.568 
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ir% CORPORATIO 
"SEE US AT BOOTH NO. 187, 185 
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1600 SERIES 
 R-NAVE INHIBITED | 
PACEMAKER 


The 1600 series pacemaker utilizes a hermetically sealed lithium-iodide 
cell as its power source. The functional characteristics of lithium 
batteries make them ideally suited for use in implantable devices 
where long term, stable operation is highly desirable. Lithium pace- 
maker development was begun by American Optical in 1973. 


The 1600 series pacemaker is of the R-wave inhibited type, particularly 
suited for use in patients with intermittent heart block. 


FEATURES 


@ Hermetically sealed electronics and power source for maximum 
operational stability. 

@ Exceptional resistance to electromagnetic interference (EMI) 

@ Provides for ready determination of battery performance in the 
absence of patient history. 

@ Small size, light weight and full half-round corners and edges for 
patient comfort. 

Q Provides for evaluation of underlying rhythm non-invasively using a 
special accessory instrument available from American Pacemaker 
Corporation. 

@ Theoretical service life greater than ten years. Five year full replace- 
ment warranty. US. Per d "mu. 

@ Available in models compatible with popular American leads. LL LS TINI CIRC eS Se ME 

@ Technical consultation and order expediting available 24 hours a day. Actual Size 
Dial 617 AM-PACER. 


SPECIFICATIONS 


Rate: 70 ppm nominal 
Pulse Width: 1 + 0.1 msec 
Pacemaker 
Weight: 89 grams 
Volume: 40cc 
Power Source: Catalyst Research Corporation Model 802-23 lithium 
iodide cell - hermetically sealed 
Current Drain: Lead dependent, see manual 


Sra 
wie 


— 





22.8 microamps with 500 ohm load 
Output: 5 volts | ; | 
. Sensitivity: 1.8 millivolts + 20% : | 
E Refractory Period: 120 msec after R-wave typical mercan 
| 210 msec after pacer pulse typical Pacemaker 


Sterile Package 


! CORPORATION 
© Weight: 1 kilogram 10 Sonar Drive, Woburn, MA 01801 


Volume: 2750cc Tel. 617 933-8980 
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Accepted Concepts in Angina Therapy 


= Nitrates are the first line of defense 
f against angina pectoris. 


/ = The therapeutic goal of oral nitrate 


therapy is an angina-free patient. 


= Titration of dosage is often necessary 
to reach a pain-free state. 





to prevent anginal attacks’ 


ISORDIL TITRADOSE 


(ISOSORBIDE DINITRATE (EZ SPLIT*Y oral Tablets: 20 mg, 10 mg, and 5 mg 











Titradose tablets make exact dosage adjustment con- 
venient —even for elderly patients or those with arthritis 
or other disabling disorders. Only Isordil is available 
in Titradose. 


* Indications: Based on a review of this drug by the National Academy of Sciences — 

kn Research Council and/or other information, FDA has classified the indications 
as follows: 
"Possibly" effective: When taken by the oral route, Isordil is indicated for the relief of 
angina pectoris (pain of coronary artery disease). It is not intended to abort the acute 
anginal episode, but is widely regarded as useful in the prophylactic treatment of 
angina pectoris. 

Final classification of the less-than-effective indications requires further investigation. 
















Just a press of owed deii wine ien to mis drug. à oe ji : 
i i arnings: Data supporting the use of nitrites during the early days of the acute phase o 
a finger splits bona > infarction (the period during which clinical and laboratory findings are unstable) 


the tablet are insufficient to establish safety. 


| . Precautions: Tolerance to this drug and cross-tolerance to other nitrites and nitrates may occur 
easily and Adverse Reactions: Cutaneous vasodilation with flushing. Headache is common and may 

| be severe and persistent. Transient episodes of dizziness and weakness as well as other 

even y. signs of cerebral ischemia associated with postural hypotension may occasionally develop. 

This drug can act as a physiological antagonist to norepinephrine, acetylcholine, fiscarninis 


and many other agents. An occasional individual exhibits marked sensitivity to the hypoten- 
sive effects of nitrite, and severe responses (nausea, ipi. weakness, restlessness, 
pallor, perspiration and collapse) can occur even with the usual therapeutic dose. Alcohol 
may enhance this effect. fA rash and/or exfoliative dermatitis may occasionally occur 
Dosage: The range is 5 mg to 30 mg q.i.d., with the usual dosage being 10 mg to 20 mg q.i.d. 
Consult direction circular before prescribing. 

May we send youreprints, detailed informationand/or professional samples? 


* U.S. Pat. Nos. D224591 and 3883647. 


IVES LABORATORIES INC. Gea) 


New York, N.Y. 10017 


DEDICATED TO IMPROVING THE QUALITY 
OF LIFE THROUGH MEDICINE® 
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"Due to your steady progress and 


~~ 





‘recovery, we are sorry to tell you that 
we can no longer monitor you on our 


hard-wire system”... 


It would be funny if it weren't true. 
With a hard-wire monitoring system, 
patient mobility is limited by wire 
. length and that meansambulatory pa- 
tients are disconnected ... most of 
. your cardiac patients are not 
. monitored at all! 


— Now, with LSE Telemetry, all your 

_ patients can be "continuously" moni- 
tored from emergency arrival, through 
- OR, recovery room, ICU, CCU and 
even when fully ambulatory. 
The patient's heart func- | 
tions are picked up by two 
electrodes and transmitted 

. to the monitor. LSE offers 

the smallest, lightest pa- 

tient transmitter in the 

industry. The 4-patient 

monitors are easily posi- 

_ tioned or moved, and plug = 

- into any convenient outlet. The elec- 

-trical work, installation cost and 

. disruption; associated with conven- 

tional hard-wired systems have been 

5 greatly: reduced. 


$k A. yw 


d 
EN VES 
Ne 


«> 617. ^ ^ TF 
T io d " m is ch - y 


Each patient's ECG signal displays 
and controls are arranged in a hori- 
zontal line and can be seen ata 


glance. The system is fully automatic. 


When a patient's heart rate exceeds 
preset limits, an audible and visible 

alarm alerts the nurse and starts the 
ECG recorder. An internal recorder 
memory stores up to 17 seconds of 

pre-alarm data for analysis. The 





bright, flicker-free, real-time, 4-chan- 
nel ECG display with fifth position 


_ for "freeze" of any channel, can be 
“cascaded” for up to 34 seconds of 


real-time data. The system has an 


effective range of 1000 feet with a 
. de node d Bult and 


ï 
te 
be) jt 
ag 
r R Ma Å a} - í i ks 
Ef; LEN. "yo Tuv ZEN E Loc ew va d ra d. 73. ui^ 


Ads Qe £^ à 2 M. o" 





visible alarm is activated if a patient 
exceeds range, or if a transmitter 
battery is low, if an electrode lead is 
loose or even if there is excessive 
interference. Up to 24 patients canbe - 
"continuously" monitored from one | 
central station. Portable, single-pa- — 
tient monitors and remote recorder 

can accompany a patient anywhere. - 


Once you decide on "continuous" - 
telemetry monitoring, selecting LSE 
is the simple part. Be convinced. 


Send for our brochure, 
or for immediate 
response, call or write: 
LSE, P.O. Box 858, 
Tullahoma, TN 37388 
(615) 455-0686 
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_ This is a comprehensive work . . 
-= current research and practical experience. In this new edi- 
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“BOOKS FROM LEA & FEBICER - 


ECHOCARDIOGRAPHY, 2nd ed. 
. a succinct blending of 


tion all chapters have been revised and updated, with 
many expanded to include much new material. Completely 
new chapters deal with cardiac tumors, prosthetic valves, 
and the interventricular septum. Not only are the advan- 


it tages of echocardiography described but also its limita- 
_ tions, pitfalls, and points of confusion. Review of previous 


edition: “Highly recommended for all interested in echo- 


= cardiography whether they wish to learn the technique 
-themselves or just the basic diagnostic features and po- 


tential for clinical diagnosis."—American Journal of Car- 
diology. 


By HARVEY FEIGENBAUM, M.D., Indiana University 


School of Medicine, Indianapolis. 572 pp. (7 x 10), illus., 


1976, $19.50. 


PROGRESS IN CARDIOLOGY. 5 


_ Following the usual format for the series, this fifth volume 


of Progress in Cardiology discusses fundamental con- 
cepts, technology, experimental and clinical studies, and 
critical reviews of the latest developments in the field. All 
topics discussed are well represented through the eminent 
contributors who apply their clinical experience directly to 
the subject matter. Many excellent illustrations and tables, 
as well as an extensive list of up-to-date references are 
provided in each of the thirteen chapters. This book, and 
series, is an excellent source of current and pertinent in- 
formation on all modern concepts and latest de- 
velopments in the field. 


Edited by PAUL N. YU, M.D., University of Rochester 
School of Medicine and Dentistry, Rochester, New York; 
and JOHN F. GOODWIN, M.D., Royal Postgraduate Med- 
ical School, London, England. (22 Contributors). 357 pp. 


(7 x 10), illus., 1976, $19.50. 


NON-INVASIVE CARDIAC DIAGNOSIS 


Discusses all aspects of commonly used non-invasive 
diagnostic methods for frequently encountered cardiovas- 
cular disorders. Topics discussed include physical diag- 
nosis of cardiovascular systems, carotid sinus stimu- 


. lation, electrocardiography, exercise electrocardiography, 
Holter monitor electrocardiography, computer electro- 


cardiography, vectorcardiography, echocardiography, 
phonocardiography, pulse tracings and apexcardiog- 
raphy, systolic time intervals, ballistocardiography, roent- 


 »genographic studies in cardiovascular diseases, eval- 
- uation of serum digitalis levels, interpretation of anti- 
= arrhythmic drug levels, and laboratory studies in cardio- 
.. vascular diseases. 


. Edited and with contributions by EDWARD K. CHUNG, 


M.D., Jefferson Medical College of Thomas Jefferson Uni- 
versity, Philadelphia, Pennsylvania. (18 Contributors). 
319 pp. (7 x 10), 218 illus., 1976, $18.00. 
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FUNDAMENTALS OF VASCULAR RADIOLOGY 


In-depth description of angiographic and catheterization 
technics for vascular radiology is provided in this book. 
Each chapter begins with a discussion of the indications 
and contraindications for angiography of a particular 
organ system. Physiological consequences of contrast 
media injections on each organ system are discussed. 
Specialized radiographic equipment, including equipment 
necessary for pressure recordings and cardiac output 
measurements, are thoroughly described. 


By ROBERT |. WHITE, JR., M.D., Johns Hopkins Uni- 
versity School of Medicine, Baltimore, Maryland. 757 pp. 
(7 x 10), illus., 1976, $13.00. 


THE CONDUCTION SYSTEM OF THE HEART: 
Structure, Function and 
Clinical Implications 


An authoritative guide and reference source, this book 
provides a wealth of new information on the role of the 
conduction system in the genesis of arrhythmias. Care- 
fully prepared by recognized authorities who have made 
major contributions to the understanding of the conduction 
system, the text thoroughly covers all aspects. The in- 
formation presented is derived from new techniques for 
stimulation of the heart and recording of its electrical activ- 


ity. 


Edited and with contributions by H.J.J. WELLENS, M.D., K.I. 
LIE, M.D., and M.J. JANSE, M.D., all of Wilhelmina Gas- 
thuis, Amsterdam, (80 Contributors). 708 pp. (7 X 10), 
illus., 1976, $58.00. 


M-MODE ECHOCARDIOGRAPHIC 
TECHNIQUES AND PATTERN RECOGNITION 


Emphasis is placed on how to find and record useful echo- 
cardiographic motion, technically satisfactory for inter- 
pretation. Individual chapters describe manipulative in- 
strumentation, valvular motion and ventricular dimensions 
and performance in normal and diseased states. Valvular 
and ventricular patterns of motion are described in context 
with the etiology of the disease and the effects of progres- 
sive disease. Definitive data support the interpretations. 


By SONIA CHANG, B.S., Medical College of Ohio at 
Toledo. 160 pp., 137 illus., paperback, 1976, $7.00. 





Order any title now from Lea & Febiger, and also plan to 
visit our Booth No. 446 at the American College of Car- 
diology, Las Vegas, Nevada, March 7-10, 1977. 


LEA & FEBIGER 


Washington Square/Philadelphia, Pa./1 9106 


.— 24 hours real-time 
in 12 minutes reel-time. 


It's about time. Half the time it takes other scanners to 
scan a 24-hour DCG. And the Avionics 660A Electrocardio- 
scanner* gives you more information. Automatically. 

The 660A gives you the diagnostic advantages of analyzing 
2 DCG leads simultaneously while quantitating Ventricular 
Ectopic Beats, Supraventricular Ectopic Beats, Demand 
Pacemaker Beats, Total Heart Beats, and documenting them 
hourly on a trend of Heart Rate and ST-Segment Levels—all 
correlated with exact patient time. And when the 660A is 
interfaced with the new Avionics 680 DCG Data Terminal, 
each hour of selected DCG Data is further analyzed, computed 
and teleprinted automatically every 30 seconds On-Line 
during the trending. After the trend, the 660A rewinds itself, 
then proceeds through the tape automatically writing out 
operator-selected abnormalities in 2 channels of real-time ECG. 

The ease of operation of these Avionics Scanning Systems 
is geared to your operation. And they not only scan and 
quantitate information from our “New Baby” the 445 Mini- 
Holter Recorder, but every recorder Avionics has produced all 
the way,back to our first in 1963. 


So if you want to know more about the new Avionics 660A 





Electrocardioscanner, 680 DCG Data Terminal and 445 
Mini-Holter Recorder, and how they can turn your real-time 


into reel-time, give us a call at (714) 549-1500. Or clip and 


mail the coupon to: 


Avionics, 1601 Alton Avenue at Redhill, Irvine, Ca. 92714. 
~ 


AVIONICS 


a division of Del Mar Engineering Laboratories 


O Please send me more information on the Avionics 


660A Electrocardioscanner, 680 DCG Data Terminal, and 


445 Mini-Holter Recorder. 
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(J Send the literature, and schedule me for a visiting demonstration. 


Name and Title 





Organization 
Address 


City 


State 


Zip 
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J. Roelandt, M.D. 


| PRACTICAL ECHOCARDIOLOGY 








W- 
> NOW the practising physician can use Dr. Roelandt's manual to incorperate echocardiology into his diagnostic 

routine. The method, invented by Dr. I. Edler of Sweden (who has provided the forward to the book), 
i integrates conventional and cross sectional echocardiography in a technique which will be useful not only to 
a cardiologists but also to radiologists, internists, technicians, etc. 
| Dr. Roelandt of the Thorax Center, Erasmus University, Rotterdam, :s visiting professor at the University of 

Oregon Health Sciences Center. 
A 300 pp Feb. 1977 275 illus. 
] Research Studies Press 816 "x12" cloth $25.00 
i 
f 

Only one of the fine books on medical Research Studies Press 

E technology to be offered at the convention P.O. Box 92 
a | in the exhibit of | Forest Grove, OR 97116 
5 International Scholarly Book Services, Inc. 503/357-7192 
E. 
E 
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: Telephonic Pacemaker Monitoring System 
ix 
P High Sensitivity Compact 
3 The high sensitivity of the dry The Instromedix* Pacer-Tracer is a 
t. electrode system provides the compact, light weight and durable 
1 ^ Pacer-Tracer with superior performance transmitter for use in telephonic 
bs in detecting pacemaker signals, even monitoring of pacemaker patients. 
E: from bi-polar pacemakers. Electrical Its pocket size and ease of operation 
E interference is largely eliminated make the Pacer-Tracer an ideal 
P through state of the art design. instrument for outpatient use in the 
E. tection an ntation of 
k Simple to Operate rina pret 
Bs The Pacer-Tracer is simple to operate 
" by the pacemaker patient with only an IMX-100 Recorder 
p On & Off switch. The instrument can be The Pacer-Tracer when used in 
, used without lead wires, cables or limb conjunction with the Instromedix 
a connections. IMX-100 ECG Telephonic recorder 
» The Pacer-Tracer ECG signals may assures the physician, hospital, or 
E be transmitted over standard telephone, pacemaker follow-up clinic the ultimate 
^ radio-telephone, or emergency radio system for reliable, high quality ECG 
es. systems. monitoring of pacemaker patients. 
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SEE US IN LAS VEGAS 
AT BOOTH 487. 


Instromedix. Inc. 


Tools for medicine to help mankind 


10950 Southwest Fifth, Suite 260, Beaverton, Oregon 97005 USA * 


(503) 646-3121 
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REAL TIME 
ECHOCARDIOGRAPHY 


The ECHOCardiovISOR — Third Generation — NEW Features 





320 Line Real Time 


paTIENT-NO+ 123456 ISI DAT 


AM I 
| | 


1 
4 illu " a 
FRANE NO:653963 
DYNAMIC IMAGING by microprogramming, 
resulting in real-time cross-section heart images 


with 320 gray scale line resolution and a frame 
rate equal to T.V. standard. 
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M-mode Scan 


€ 
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ACCORDION GAIN CONTROL. Full dynamic 
echo amplification, adjustable over any desired 
diagnostic area from 1 cm upwards; allowing, for 
instance, M-mode scans of the 4 valves in one 
smooth scanning movement. 








Dual M-mode 
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DUAL SIMULTANEOUS M-MODES. From the 
two-dimensional images, any two beams may 
be selected for M-mode display. Permits 
simultaneous visualization of both mitral and 
aortic valves, etc. 


ANI I 


PATIENT DATA can be displayed both on the 
two-dimensional images and on the strip-chart 
recordings. 


information. 


Name 
Address 
City 





State 






[] | am interested in a quotation. a : 
i ; ag s 
1] Lam interested in lease rates. Pp D» ; METRIX 
[] lam interested in a demonstration. — . : 876 Ventura 
[] Immediate interest for more Denver, Colorado 80011 


(303) 343-8330 


Title 





Zip 
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NTRODUCES 


HE THREE CHANNEL 
SYSTEM YOU'VE 
BEEN WAITING FOR. 


Designed for the real world. Take one look 
at our new three channel exercise testing mon- 
itor and you can see that it’s designed as a 
practical working tool. 
The entire system is built into one sturdy, 
= caue. a Koopal orra Gel alle 
x Three channel, no 
| fade scope. The 
@ Model 633 displays 
ize three channels on the 
£8 Ee records 
8i three channels on the 
m recorder. With the 
F write-from-memory 
| feature, you can freeze 
^ a particular scope 
E image, study it and 


aaa it t for “ast reference. 


Automatic lead rotation. Quinton’s auto 
lead rotation changes lead groups automatically, 
making it easy to do full 12 lead resting ECG’s 
before and after the exercise test. 
Easy to use. The — 
recorder is mounted 
in a convenient desk | 
top working area just | 
below the control | 
panel. You can make | 
notes and adjust controls easily without having to 

reach or move around the unit. A handy storage 
area is located beneath the recorder desk. 
Signal processing output. In addition to the 
full three channels displayed, every model 633 
comes with a fourth channel output which can 
be connected to a signal processor or computer 
for si ignal averaging or S-T Segment analysis. 
a P. Low noise, 

| P. dies shielded cable. 

; Each Model 633 
comes equipped with 
a special low noise, 
shielded patient cable 
to minimize extrane- 
ous noise and motion 
artifact. No battery 
pack is required. 
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Pictured here with additional options. 
Tailored to your needs. Before your Model 
633 leaves the factory, you can have it set to 
automatically monitor the specific exercise lead 
group you select. 

The Model 633 is designed to grow with 
your needs. The basic unit includes the three 
channel monitor, recorder, patient cables and 
4th channel output. To this basic system you car 
add a Quinton Treadmill Control, Programmer, 
Defibrillator or S-T Segment Computer. 

For more information, contact Quinton 
Instruments, Dept. E106, 2121 Terry Avenue, 
Seattle, Washinaton 98121. Call Toll Free 
800-426-0538. QUINTON 








THE AMERICAN JOURNAL 
of CARDIOLOGY 


Production Manager: Marty Schlessel 
Telephone: 212-489-5763 
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Telephone: 212-489-4683 

Advertising Sales Director: Robert C. Weidner 
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SYSTEM 
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Our M-Series is a modular plug-in 
ultrasonic system. The modularized 
functions combined with the wide 
range of available accessories and 
plug-ins makes the M-Series except- 
ionally versatile for research applica- 
tions. 


For more information, write or call: 


METROTEK, INC. 
P. O. BOX 101 
(509) 946-4778 


RICHLAND, WA. 99352 
CABLE: METROTEK 


METROTEK, INC. 


P. O. BOX 101 RICHLAND, WA. 99352 


GENTLEMEN: 


Please send me complete information on your M Series 
plug-in ultrasonic system. 

NAME jet ii pupa pica mis SI EC LACER 
HOSPITAL 

ADDRESS 
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arians Phased Array 
it rasonograph puts sharp, 
real-time images at your 
fingertips. instantly. 
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Sagittal section of 
normal heart, photo- 
graphed from stop- 
action video display. 


Transverse section of normal Transverse section of left Sagittal section with stenotic 
left ventricle at level of mitral ventricle with stenotic mitral mitral valve. 
valve. valve. 


varian 


radiation division 
611 Hansen Way, Palo Alto, CA 94303 

















from SKI. 


Announcing the 
new EkoSectorI 
Ultrasound System 








You may 


already own 
half of it. 





If you already own the world's leading 
echocardiography unit, you don't need 
to buy a whole new system for two- 
dimensional heart scanning. 

Our new EkoSector I is completely 
compatible with existing Ekoline 20A*"'s, 
which means your expenditure for 
the system can be cut almost in half. 

SKI's new EkoSector I offers you 
real-time cross-sectional scanning in 
a fully integrated system. 

Sectoring is accomplished by a 
single scanning transducer giving high 
resolution cross sectional images, 
as well as A-mode and M-mode 
capabilities. 

In addition to image displays on the 
system's oscilloscope, high definition 
images can also be displayed on the 
large X, Y external monitor. 

A video tape recorder as an integral 
component of the system allows you 
to record cross sectional, as well as 
M-mode displays with appropriate 
verbal comments. 

Playback can be at normal speed, 
slow-motion, or stop-frame projection 
and recorded images can be selec- 
tively altered in size by means of the 
tissue depth control. 

Whether you own an Ekoline 20A or 
not, SKI’s new EkoSectorI Ultrasound 
System will give you high quality 
sector scanning at a very reasonable 
price. Interfacing your current Ekoline 
20A to the complete EkoSectorI 
System is handled by SKI’s world- 
wide service organization. 


For more details on the new Eko- 
Sector I Ultrasound System, call or 
write: 


Smith Kline Instruments, Inc. 
880 West Maude Avenue 
Sunnyvale, California 94086, U.S.A 


Tel: (408) 732-6000 





Welwyn Garden City 
Hertfordshire, England 
. Tel: Welwyn Garden 25111 
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For the broad spectrum of cardiac arrhythmias 


broad-range treatment... 


conversion and maintenance 


CARDIOQUIN 


TABLETS. 


(quinidine polygalacturonate) 2 


[1 Greater GI tolerance 

o Full quinidine cardiodynamics 

O Convenient B.I.D. or T.I.D. 
dosage for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are 
indicated in the treatment of a broad range of cardiac 
arrhythmias (see Brief Summary). After conversion to 
normal sinus rhythm—whether with CARDIOQUIN 
Tablets or electroconversion—only low b.i.d. or t.i.d. 
dosagé of this unique polygalacturonate salt of quinidine 
is required for maintenance in most cases. 

Well-tolerated, CARDIOQUIN Tablets are particularly 
suited for maintenance therapy, since the polygalactu- 
ronic acid serves as a buffering moiety. It protects the 
mucosa of the stomach and permits dependable absorp- 
tion of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Prac- 
lice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular Contractions; paroxysmal atrial tachycardia; paroxys- 
mai AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by Ye to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further-dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 50. 


Purdue Frederick 


Q COPYRIGHT 1976, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 A8207 172276 ; 
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Cardiac Pacing in Children and Adolescents 
Review on Human Coronary Microcirculation 
Cardiac Prostaglandin Release During Myocardial Ischemia 


Contents on Page A6 


34 


a 
M 


a 


'éJIQ31 


y 
. vy y, 
LN / 


A YORKE MEDICAL JOURNAL N erre 
ee 


ADual 
Challe a 


in antih D artensive alleng 








OD 5 
SN euo 


—» tolower grr compromising 
. blood pressure existing 
——- cardiac output : 


NH 
hypertension 


TABLETS: 250 mg, 500 mg, and 125 mg 


ALDOMIEE | 


(METHYLDOPA| MSD) 












































Some other 
characteristics 

of ALDOMET 
(Methyldopa, MSD) 
for your 
consideration 








ALDOMET usually lowers 
blood pressure and: 


e Usually does not com- 
promise existing renal 
function 

e infrequently causes symp- 
tomatic postural 
hypotension 


e Normalorelevated plasma 
renin activity may 
decrease during the 
course of therapy 

e Usually is well tolerated. 
Sedation, usually tran- 
sient, may occur during 
the initial period of 
therapy or whenever the 
dose is increased. Head- 
ache, asthenia, or weak- 
ness may be noted as 
early and transient 
symptoms. However, 
significant adverse effects 
due to ALDOMET have 
been infrequent. (See 
brief summary for a com- 
plete listing of adverse 
reactions.) 

ALDOMET is useful in all 

degrees of hypertension 

and offers dosage flexi- 

bility with three tablet 

strengths—the 

standard 250 mg, 

the convenient 500 mg, 
and the 125 mg. 


helps lower 
blood pressure 
effectively... 
usually with no 
direct effect on 
cardiac function— 
cardiac output 1s 
usually maintained 


ALDOMET iscontraindicated in active hepatic disease, hypersensitivity 
to the drug, and if previous methyldopa therapy has been associated 
with liver disorders. 


It is important to recognize that a positive Coombs test, hemolytic 
anemia, and liver disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver disorders could lead 


to potentially fatal complications unless properly recog- MSD 
nized and managed. For more details see the brief sum- SEN 


mary of prescribing information. 


/ For a brief summary of prescribing information, please see following page. 
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Contraindications: Active hepatic disease, such as 
if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 

Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and 
liver disorders may occur with methyldopa 


therapy. The rare occurrences of hemolytic 


anemia or liver disorders could lead to poten- 
tially fatal complications unless properly recog- 
nized and managed. Read this section carefully 
to understand these reactions. 

With prolonged methyldopa therapy, 10% to 20% of 
patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal com- 


-= _ plications. One cannot predict which patients with a 


positive direct Coombs test may develop hemolytic 


. anemia. Prior existence or development of a positive 


direct Coombs test is not in itself a contraindication 
to use of methyldopa. If a positive Coombs test 
develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For exam- 
ple, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 

At the start of methyldopa therapy, it is desirable to 
do a blood count (hematocrit, hemoglobin, or red 
cell count) for a baseline or to establish whether 
there is anemia. Periodic blood counts should be 
done during therapy to detect hemolytic anemia. It 
may be useful to do a direct Coombs test before 
therapy and at 6 and 12 months after the start of 
therapy. If Coombs-positive hemolytic anemia oc- 
curs, the cause may be methyldopa and the drug 


. Should be discontinued. Usually the anemia remits 
- promptly. If not, corticosteroids may be given and 
—. other causes of anemia should be considered. If the 


hemolytic anemia is related to methyldopa, the drug 


- should not be reinstituted. When methyldopa causes 
- Coombs positivity alone or with hemolytic anemia, 
the red cell is usually coated with gamma globulin of 


the IgG (gamma G) class only. The positive Coombs 
test may not revert to normal until weeks to months 
after methyldopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
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(METHYLDOPA|MSD) 


helps lower 

blood pressure 
effectively... 
usually with no 
direct effect on 
cardiac function- 
cardiac o 


utput is 
usually maintained 


cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 
match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
sometimes with eosinophilia or abnormalities in liver 
function tests, such as serum alkaline phosphatase, 
serum transaminases (SGOT, SGPT), bilirubin, ceph- 
alin cholestero! flocculation, prothrombin time, and 
bromsulphalein retention. Jaundice, with or without 
fever, may occur, with onset usually in the first 2 to 
3 months of therapy. In some patients the findings 
are consistent with those of cholestasis. Rarely fatal 
hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions; 
periodic determination of hepatic function should be 
done particularly during the first 6 to 12 weeks of 
therapy or whenever an unexplained fever occurs. If 
fever and abnormalities in liver function tests or 
jaundice appear, stop therapy with methyldopa. If 
caused by methyldopa, the temperature and abnor- 
malities in liver function characteristically have 
reverted to normal when the drug was discontinued. 
Methyldopa should not be reinstituted in such pa- 
tients. 

Rarely, a reversible reduction of the white blood cell 
count with primary effect on granulocytes has been 
seen. Reversible thrombocytopenia has occurred 
rarely. When used with other antihypertensive drugs, 
potentiation of antihypertensive effect may occur. 
Patients should be followed carefully to detect side 
reactions or unusual manifestations of drug idio- 
syncrasy. 

Use in Pregnancy: Use of any drug in women who 
are or may become pregnant requires that antici- 
pated benefits be weighed against possible risks; 
possibility of fetal injury can not be excluded. 
Precautions: Should be used with caution in pa- 
tients with history of previous liver disease or dys- 
function (see Warnings). May interfere with 
measurement of uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. Since methyl- 
dopa causes fluorescence in urine samples at the 
same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochro- 
mocytoma. It is important to recognize this 
phenomenon before a patient with a possible pheo- 
chromocytoma is subjected to surgery. Methyldopa 
is not recommended for patients with pheochromo- 
cytoma. Urine exposed to air after voiding may 
darken because of breakdown of methyldopa or its 
metabolites. 


Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 
lar disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Central nervous system: 
Sedation, headache, asthenia or weakness, usually 
early and transient; dizziness, lightheadedness, 
symptoms of cerebrovascular insufficiency, 
paresthesias, parkinsonism, Bell's palsy, decreased 
mental acuity, involuntary choreoathetotic move- 
ments; psychic disturbances, including nightmares 
and reversible mild psychoses or depression. 
Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved 
by use of a diuretic. (Discontinue methyldopa if 
edema progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, sore 
or "black" tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic 
anemia. Leukopenia, granulocytopenia, throm- 
bocytopenia. 

Allergic: Drug-related fever, myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, decreased 
libido, dermatologic reactions including eczema and 
lichenoid eruptions, mild arthralgia, myalgia. 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third month of therapy; in- 
creased dosage or adding a thiazide frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. Syn- 
cope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease; this may be avoided by lower doses. 

How Supplied: Tablets, containing 125 mg 
methyldopa each, in bottles of 100; Tablets, contain- 
ing 250mg methyldopa each, in single-unit 
packages of 100 and bottles of 100 and 1000; 
Tablets, containing 500mg methyldopa each, in 
single-unit packages of 100 and bottles of 100. 
For more detailed information, consult your MSD 
representative or see full prescribing informa- 
tion. Merck Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 J2634R1(707) 
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Clinical Studies prove 
T.E.D: Anti-Embolism Stockings reduce 
the incidence of Deep Vein Thrombosis. 





Non-Stocking Stocking* 


Incidence of DVT 21 


"T.E.D." Anti-Embolism Stockings 


ControlGroup Test Group 
Non-Stocking Stockings* 


Incidence of DVT 50% 235.5% 


*T.E.D." Anti-Embolism Stockings 


1. Ibrahim, S8. Z., Scurr, J. H., and LeQuesne, L. P. "The Effect of Graded 
Compression ( TED) Stockings on the Incidence of Post-Operative 
Deep Vein Thrombosis." Eleventh Congress of the European Society 
for Surgical Research, Dublin 1976. 

&. Holford, C. P., and Bliss P. M., "The Effect of Graduated Static Com- 
pression on Isotopically Diagnosed Deep Vein Thrombosis of the 
Leg." Surgical Research Society, Winter Meeting, Royal College of 
Surgeons, January 1976. 








Two recently completed studies provide 
clinical evidence that T.E.D. Anti-Embolism . 
Stockings effectively reduce the incidence of 
deep vein thrombosis (DVT). 

In one study, I125 fibrinogen was used to 
measure the incidence of DVT in 63 patients 
undergoing major abdominal surgery. One 
leg of each ofthe patients was fitted with a 
T.E.D. Anti-Embolism Stocking. The other 
was left non-compressed. 

Scanning ofthe patients revealed over 
four times as many cases of deep vein 
thrombosis in the non-stocking group 
as in the stocking group. 

In the other study, radioactive I*5 fibrino- 
gen was also used. Seventy major surgical 
patients were divided into two groups 
matched for age, type of operation, duration 
of operation, and incidence of malignancy. 
One group was fitted with T.E.D. Anti- 
Embolism Stockings pre-operatively. The 
control group was non-compressed. 

The results showed that T.E.D. Anti- 
Embolism Stockings reduced the incidence 
of DVT by half? 

For a more detailed account of the two 
studies and reports on other recent research 
write The Kendall Company, One Federal 
Street, Boston, Mass. 02101. 

Attention: T.E.D. Product Center. 


KENDALL 


INNOVATORS IN PATIENT CARE 





CONTRAINDICATIONS Stockings may not be recommended for 
patients with the following: 
1. Any local leg condition in which stockings would interfere, such as: 
a. dermatitis, b. vein ligation (immediate post-operative), 
c. gangrene, d. recent skin graft. 
. Severe arteriosclerosis or other ischemic vascular disease. 


. Massive edema of legs or pulmonary edema from congestive heart 
failure. 
. Extreme deformity of leg. 


D’ an» 


PRECAUTIONS: 

1. Proper sizing and application must be assured. 

2. For full-leg style T.E.D.'s, avoid interference of side panels or 
waistband with incisions, drainage tubes, catheters, or other 
exterior devices. 

CAUTION: Federal law restricts this device to sale by or use on the 

order of a physician. 


©1976 the Kendall Company 
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*INDICATIONS — Based on a review of this drug by the National Academy of 
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“Possibly” effective: For long-term therapy of chronic angina pectoris. Pro- 
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improve exercise tolerance, and reduce nitroglycerin requirements. The drug 
is Not intended to abort the acute anginal attack. 


Final classification of the less-than-effective indications requires further 
investigation. 


CONTRAINDICATIONS — No specific contraindications are known. 


PRECAUTIONS — Since excessive doses can produce peripheral vasodila- 
tion, the drug should be used cautiously in patients with hypotension. 


ADVERSE REACTIONS — Adverse reactions are minimal and transient at 
recommended dosages. Instances of headache, dizziness, nausea. flushing, 
weakness or syncope, mild gastrointestinal distress and skin rash have 

been noted during therapy. Rare cases of what appeared to be an aggravation 
of angina pectoris have been reported, usually at the initiation of therapy. 

On those uncommon occasions when adverse reactions have been persis- 
tent or intolerable, withdrawal of medication has been followed promptly by 
cessation of undesirable symptoms. 


DOSAGE AND ADMINISTRATION — The recommended dosage is 50 mg 
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cases higher doses may be necessary but a significantly increased incidence 
of side effects is associated with increased dosage. Clinical response may 

not be evident before the second or third month of continuous therapy. 


For complete details, please see the ful! prescribing information 
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Boehringer Ingelheim 
Boehringer Ingelheim Ltd., Elmsford, N.Y. 10523 


Illustrated: An English Queen... created by 
L. Hewson in London in 1678. 


Despite their obvious charm, English playing 
cards were considered crude in design and 
manufacture, and were far less popular than 
those imported from France or Belgium. 
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Whats in the cards for the 
anginal patient? 


For centuries, dealing with the hearts ills has been 
the subtlest of arts, an intricate shuffling of skill and 
science. Even today, evaluating a drug for chronic 
angina pectoris involves the art of medicine as 
well as its science. 


During more than a decade of clinical experience, 
compounding both science and art, Persantine 
has often been found useful in the long-term man- 
agement of chronic angina pectoris.* It may: 


eliminate or reduce the frequency of anginal 
attacks 


improve exercise tolerance 





reduce nitroglycerin requirements 





Give enough...long enough (recommended dos- 
age: 50 mg t.i.d. atleast one hour before meals 
for 60 to 90 days or longer). 


Persantine: 


(dipyridamole) Tablets of 25 mg 


non-nitrate — . 
coronary vasodilator 
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Better 
patient compl 


because there are 


fewer doses t 


Quinaglute maintains normal sinus rhythm 
with a convenient 8 or 12 hour dosage schedule. 


The convenient dosage schedule of 1 to 2 tablets every 8 or 12 
hours can mean improved compliance in patients who tend to 
forget or skip medication requiring more frequent administration. 
In addition, QUINAGLUTE* Dura-Tabs* provide the following 
advantages: 


e Special wax matrix permits gradual release of quinidine glu- 
conate to maintain quinidine plasma levels for 8 to 12 hours 


e Convenient 8 or 12 hour dosage schedule helps avoid middle- 
of-the-night dosage and early morning reversion 


e Prolonged control without peaks and valleys in plasma levels 


e Well-tolerated, with few gastrointestinal disturbances to inter- 
fere with patient cooperation and compliance 


| When a medication is to be taken twice a day, an easy way for 

| the patient to remember whether or not he took his dose is for 

| him to turn the bottle upside down after the first dose and right 
side up after the second dose. Please forward your compli- 
ance tip to Cooper Laboratories, 300 Fairfield Road, Wayne, 
NJ 07470, Att: Mr. W. F. Cronin 


Patients with cardiac arrhythmias remember 





Indications: 

Premature atrial and ventricular contractions. Paroxysmal 
atrial tachycardia. Paroxysmal A-V junctional rhythm. Atrial 
flutter. Paroxysmal atrial fibrillation. Estabiished atrial 
fibrillation when therapy is appropriate. Paroxysmal ven- 
tricular tachycardia when not associated with complete 
heart block. Maintenance therapy after electrical conversion 
of atrial fibrillation and/or flutter. 

NOTE: Depending upon the response desired, the dosage 
may need to be varied and the blood level and/or electro- 
cardiographic response closely monitored during initial 
treatment. 


Contraindications: Aberrant impulses and abnormal 
rhythms due to escape mechanisms should not be treated 
with quinidine. 

Partial A-V or complete heart block, or intraventricular 
conduction defects, especially those exhibiting a marked 
grade of QRS widening. Renal disease resulting in signifi- 
cant azotemia, or those developing cardiotoxic effects 
such as conduction defects; ventricular premature beats, 
ventricular tachycardia or flutter while on the drug. Marked 
cardiac enlargement, particularly with congestive failure, 
poor renal function, and especially renal tubular acidosis. 
Idiosyncrasy or hypersensitivity to quinidine. 


Warnings: In the treatment of atrial flutter, reversion to 
sinus rhythm may be preceded by a progressive reduction 
in the degree of A-V block to a 1:1 ratio resulting in an 
extremely rapid ventricular rate. 


Precautions: The precautions to be observed include all 
those applicable to quinidine. A preliminary test dose of 
a single tablet of quinidine sulfate should be administered 
to determine if the patient has an idiosyncrasy to quinidine. 
Hypersensitivity to quinidine, although rare, should con- 
stantly be considered, especially during the first weeks of 
therapy. 

Quinidine in large doses may reduce the contractile 
force of the heart; therefore, extreme caution should be 
exercised in using the drug in patients with severe heart 
disease, hypotension or digitalis intoxication. 

It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, 
electrocardiographic monitoring, and possibly plasma 
quinidine levels, is indicated when large doses are used, 
or with patients who present an increased risk. 


Adverse Reactions: Cinchonism, tinnitus, decreased audi- 
tory acuity, vertigo, headache, blurred vision, color percep- 
tion disturbances, photophobia, diplopia, night blindness, 
scotomata, reduced visual fields, mydriasis, hypotension, 
respiratory distress, and gastrointestinal disturbances. 
101-48 
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The agent you choose in mild to moderate 
essential hypertension should offer (1) long-term 
effectiveness, (2) patient comfort and compliance. 


Zaroxolyn offers both. 


In one long-term study! Zaroxolyn brought 
moderately elevated (average 161/109 mm Hg) 
blood pressure down to the range of normo- 

— tension— and held it there for a year or more. 


The investigator noted, "Patient cooperation was 
surprisingly good for a study of such duration 
[27^ years]. The once-daily dosage schedule with 


en choosing a diuret 

for day-in-day-out 
ertension control with 
comfortable compliance... 


metolazone [Zaroxolyn] no doubt contributed to 
patient compliance" 





Overall compliance with Zaroxolyn is good— 


very good. An analysis of controlled clinical 


studies involving 188 Zaroxolyn patients showed 
that only eight discontinued therapy because of 
side effects. That's a discontinuation rate of only 
4.396, and broader clinical experience appears to 
substantiate this low rate? 


Zaroxolyn. For long-term control and comfortable 
compliance in mild to moderate hypertension. 


Recommended initial dosage in mild to moderate essential hypertension-2/ to 5 mg once daily 


ALaroxolyry 


metolazone, Pennwalt 


2¥2-mg, 5-mg and 10-mg tablets 


once-daily antihyp ertensive diuretic 


Before prescribing, see complete prescribing 
information in the package insert, or in PDR, or 
available from your Pennwalt representative. The 
following is a brief summary. Indications: 
Zaroxolyn (metolazone) is an antihypertensive 
diuretic indicated for the management of mild to 
moderate essential hypertension as sole thera- 
peutic agent and in the more severe forms of 
hypertension in conjunction with other anti- 
hypertensive agents. Also, edema associated with 
heart failure and renal disease. Contraindications: 
Anuria, hepatic coma or precoma; allergy or 
sensitivity to Zaroxolyn. Or, as a routine in other- 
wise healthy pregnant women. Warnings: In 
theory cross-allergy may occur in patients | 
allergic to sulfonamide-derived drugs, thiazides 
or quinethazone. Hypokalemia may occur, and is 
a particular hazard in digitalized patients; 
dangerous or fatal arrhythmias may occur. 
Azotemia and hyperuricemia may be noted or 
precipitated. Considerable potentiation may . 
occur when given concurrently with furosemide. 
When used concurrently with other antihyper- 
tensives, the dosage of the other agents should 
be reduced. Use with potassium-sparing diuretics 
may cause potassium retention and hyper- 
kalemiae Administration to women of childbearing 
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age requires that potential benefits be weighed 
against possible hazards to the fetus. Zaroxolyn 
appears in the breast milk. Not for pediatric use. 
Precautions: Perform periodic examination of 
serum electrolytes, BUN, uric acid, and glucose. 
Observe patients for signs of fluid or electrolyte 
imbalance. These determinations are particularly 
important when there is excessive vomiting or 
diarrhea, or when parenteral fluids are admin- 
istered. Patients treated with diuretics or corti- 
costeroids are susceptible to potassium deple- 
tion. Caution should be observed when adminis- 
tering to patients with gout or hyperuricemia or 
those with severely impaired renal function. 
Hyperglycemia and glycosuria may occur in 
latent diabetes. Chloride deficit and hypo- 
chloremic alkalosis may occur. Orthostatic 
hypotension may occur. Dilutional hyponatremia 
may occur in edematous patients in hot weather. 
Adverse Reactions: Constipation, nausea, 
vomiting, anorexia, diarrhea, bloating, epigastric 
distress, intrahepatic cholestatic jaundice, 
hepatitis, syncope, dizziness, drowsiness, vertigo, 
headache, orthostatic hypotension, excessive 
volume depletion, hemoconcentration, venous 
thrombosis, palpitation, chest pain, leukopenia, 
urticaria, other skin rashes, dryness of mouth, 


hypokalemia, hyponatremia, hypochloremia, 
hypochloremic alkalosis, hyperuricemia, hyper- 
glycemia, glycosuria, raised BUN or creatinine, 
fatigue, muscle cramps or spasm, weakness, 
restlessness, chills, and acute gouty attacks. 
Usual Initial Once-Daily Dosages: mild to 
moderate essential hypertension —2'5 to 5 mg; 
edema of cardiac failure—5 to 10 mg; edema of 
renal disease—5 to 20 mg. Dosage adjustment 
may be necessary during the course of therapy. 
How Supplied: Tablets, 2%, 5 and 10 mg. 
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2. Data on file, Medical Department, Pennwalt 
Prescription Products. 


IJENNMALT 


Pennwalt Prescription Products 
Pharmaceutical Division 
Pennwalt Corporation 
Rochester. New York 14603 


Y 


qt . ——- ~ 72 . ; =- - 7 at es, Ae aan TET ee con Ir ae Je er La d e. FPOUONTUISGEXT T eR PIP Ta BS ale 
E. CK We Co cH IURI AE Y EI BRT NUIT EIE LOS BN DEREN EET ETE 
E L ~ s T "A f 1 e 1^. E ^ CU . s = r = . va E. 4 


APRIL 1977 
E. The American Journal of CARDIOLOGY’ 


E: VOLUME 39 
NUMBER 4 


- CONTENTS 





CLINICAL STUDIES 


: 481 Cardiac Prostaglandin Release During Myocardial Ischemia Induced by Atrial Pacing in 
A» Patients With Coronary Artery Disease 


à | HARVEY J. BERGER, BARRY L. ZARET, LEON SPEROFF, LAWRENCE S. COHEN and 
E STEVEN WOLFSON 


k Prostaglandin F was released in significant amounts from the myocardium during angina 
induced by atrial pacing in 11 of 12 patients with coronary artery disease. The production 
of prostaglandins E and A was not significantly increased in these subjects. The release of 
prostaglandin F appeared to be a specific event occurring during myocardial ischemia. 
Prostaglandins may arise from myocardial cells as a direct response to ischemia or from 
coronary vascular smooth muscle cells as they become involved in compensatory vasodi- 
latation. These results suggest that these pharmacologically active compounds may play 

a physiologic role in the cardiac response to ischemia in man. 
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.487 Characteristics of Ventricular Tachycardia in Ambulatory Patients 
ROGER A. WINKLE, DAVID C. DERRINGTON and JOHN S. SCHROEDER 


Ninety-four episodes of ventricular tachycardia were recorded in the continuous ambulato- 
F ry electrocardiograms of 23 patients with stable cardiac disease. The episodes were 
asymptomatic in 19 subjects and only one ended in ventricular fibrillation. Only 14 of the 
episodes were initiated by R on T premature ventricular contractions. The mean prematuri- 
ty index (+ standard deviation) for all episodes was 1.31 + 0.28. Such episodes recorded 
during ambulatory cardiac monitoring are usually self-limited and asymptomatic. Although 
the study suggests that ventricular tachycardia in ambulatory patients is generally not pre- 
cipitated by exercise, episodes occurring during exercise may be more likely to degener- 
ate into ventricular fibrillation because of the simultaneous occurrence of ischemia and in- 
creased levels of circulating catecholamines. 
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493 Comparative Study of Cardiovascular Function and Ventricular Premature Complexes in 
Smokers and Nonsmokers During Maximal Treadmill Exercise 


PAUL L. McHENRY, JAMES V. FARIS, JOHN W. JORDAN and STEPHEN N. MORRIS 


JES 


Maximal treadmill exercise tests in 586 healthy policemen showed that the duration of 
maximal exercise was significantly shorter in smokers and former smokers than in non- 
smokers; maximal systolic blood pressure during exercise was greater in smokers than in 
| nonsmokers; and maximal heart rate during exercise was significantly lower in smokers 
! and former smokers than in nonsmokers. However, the prevalence of exercise-induced 
| ventricular premature complexes did not appear to be influenced by smoking habits. The 
increased blood pressure response to exercise in smokers is reversible, perhaps as a re- 
ne sult of elimination of the effects of nicotine and carbon monoxide. 


Continued on page A12 
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to produce a really rugged transducer capable of withstanding 


rigorous use in a busy hospital. 


to develop and introduce the prepackaged, sterile disposable 
domes, eliminating the need to sterilize the transducer. 


...and now Bentley Laboratories, Inc. is first to offer a two year warranty 
when you use our transducers and disposable domes. We're that 
confident of the dependability of our products. For order and price 
information, call your Bentley representative, or contact: 


BENTLEY LABORATORIES, INC. 
1/502 Armstrong Avenue 

Irvine, California 92714 

(714) 546-8020 
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499 Aortic Stenosis: Echocardiographic Cusp Separation and Surgical Description of Aortic 
Valve in 22 Patients 


SONIA CHANG, STEPHEN CLEMENTS and JOHN CHANG 
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This echocardiographic study of 22 patients prior to aortic valve replacement clearly dem- 


k Bas onstrates that aortic cusp deformities secondary to aortic stenosis invalidate the measure- 
E ment of mid-systolic and maximal peripheral cusp separation as indicators of the severity 
E of aortic stenosis. In situ examination of aortic cusp separation indicated that diseased aor- 
4 tic valves are not comparable with normal valves or valves with uncomplicated congenital 
E obstruction. Identification of aortic valve echograms with abnormal thickening and limited 
Er or eccentric mobility of the aortic leaflets proved useful in clarifying the role of aortic ste- 
s ‘nosis in patients with syncope, angina pectoris, cardiomegaly or symptoms of left ventricu- 
E lar failure and in identifying associated conditions such as mitral valve disease or left ven- 
E. tricular dysfunction that would mask or alter the hemodynamic severity of recognized aor- 
p ; tic stenosis. 

(sos Frequency and Significance of Coronary Arterial Dominance in Isolated Aortic Stenosis 

M 2 EDWARD S. MURPHY, JOSEF RÓSCH and SHAHBUDIN H. RAHIMTOOLA 

E Coronary angiograms in 75 consecutive patients more than 34 years of age with isolated 
= i calcific aortic stenosis showed an increased prevalence of a dominant left coronary arteri- 
A al system as compared with a control group of 150 patients. Patients with left dominance 
Xx also had a shorter left main coronary artery and those with associated obstructive coronary 
Be artery disease had an increased risk of perioperative myocardial infarction. In the 69 pa- 
Š tients with aortic stenosis who underwent aortic valve replacement, perioperative myocar- 
E - dial infarction occurred in 26.7 percent of those with left dominance and in 7.4 percent of 
E those with right dominance or a balanced circulation. These observations suggest that iso- 
i lated aortic stenosis and a dominant left coronary arterial system may be part of a develop- 
5 ! mental complex. Better identification of risk factors and use of more reliable methods of 
1 3 l myocardial preservation may reduce the incidence of perioperative myocardial damage. 
E. 

5 10 Diagnosis of Old Inferior Myocardial Infarction by Body Surface Isopotential Mapping 
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G. MICHAEL VINCENT, J. A. ABILDSKOV, MARY JO BURGESS, KAY MILLAR, 
ROBERT L. LUX and ROLAND F. WYATT 
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The body surface isopotential map may be a useful clinica! tool for detecting the 25 per- 
cent of patients with previous inferior wall infarction whose electrocardiogram becomes 
normal or nondiagnostic for the previous infarction. Although 192 electrodes were used in 
this study of 28 patients with old inferior wall myocardial infarction and 120 normal 
subjects, similar information can be obtained with approximately 30 electrodes at appro- 
priately selected body surface sites. The body surface isopotential map also contains diag- 
nostic information that is unavailable in the 12 lead electrocardiogram and may prove clini- 
cally useful in cardiac states in addition to inferior wall infarction. 
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516 Internal Mammary Artery Graft for Ischemic Heart Disease. Effect of Revascularization on 
Clinical Status and Survival 


FLOYD D. LOOP, MANUEL J. IRARRAZAVAL, JOHAN J. BREDEE, WAYNE SIEGEL, 
PAUL C. TAYLOR and WILLIAM C. SHELDON 


The improved survival rate of 400 consecutive patients with coronary artery disease who 
received a single internal mammary artery graft alone or combined with a vein graft in 
1971 and 1972 as compared with that of 741 patients who had vein grafts in 1967 to 1970 


Continued on page A17 
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CONVENIENT AND ECONOMICAL 


KAON-CL 2096 


potassium chloride)LIQUID 


Indications: KAON-CL 20% is indicated for the treatment of potassium deple- 
tion in patients with hypokalemia and metabolic alkalosis, and for the treatment 
of digitalis intoxication. During therapy serum potassium levels should be moni- 
tored and the dosage titrated to achieve the desired clinical and laboratory ef- 
fects. KAON-CL 20% is also indicated for the prevention of potassium depletion 
when the dietary intake of potassium is inadequate for this purpose. The 
prophylactic administration of potassium ion may be indicated in patients receiv- 
ing digitalis and diuretics for the treatment of congestive heart failure, hepatic 
cirrhosis with ascites, patients with hypertension on long-term diuretic therapy, 
hyperaldosteronism states with normal renal function, the nephrotic syndrome, 
and certain diarrheal states. 

Contraindications: In patients with hyperkalemia, chronic renal failure, systemic 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns, 
adrenal insufficiency, or the administration of a potassium-sparing diuretic (e.g., 
spironolactone, triamterene). i 

Warnings: Do not administer full strength. KAON-CL 20% will cause gastroin- 
testinal imitation if administered undiluted. 

In patients with impaired mechanisms for excreting potassium, the administra- 
tion of potassium salts can produce hyperkalemia and cardiac arrest. Potentially 
fatal hyperkalemia can develop rapidly and be asymptomatic. The use of potas- 
sium sglts in patients with chronic renal disease, or any other condition which 
impairs potassium excretion, requires particularly careful monitoring of the 
- — sgrum potassium concentration and appropriate dosage adjustment. 

A" Hypokalemia should not be treated by the concomitant administration of 


40 mEq per15 ml 


potassium salts and a potassium-sparing diuretic (e.g., spironolactone or triam- 
terene) since the simultaneous administration of these agents can produce se- 
vere hyperkalemia. 
Precautions: The diagnosis of potassium depletion is ordinarily made by dem- 
onstrating hypokalemia in a patient with a clinical history suggesting some cause 
for potassium depletion. The treatment of potassium depletion, particularly in 
the presence of cardiac disease, renal disease, or acidosis, requires careful atten- 
tion to acid-base balance and appropriate monitoring of serum electrolytes, the 
electrocardiogram, and the clinical status of the patient. 
Adverse Reactions: Nausea, vomiting, abdominal discomfort and diarrhea. 
These symptoms are due to irritation of the gastrointestinal tract and are best 
managed by diluting the preparation further, taking the dose with meals, or 
reducing the dose. 

The most severe adverse effect is hyperkalemia (see Contraindications, Warn- 
ings and Overdosage). 
Overdosage: If excretory mechanisms are impaired or if potassium is adminis- 
tered too rapidly intravenously. potentially fatal hyperkalemia can result (see 
Contraindications and Warnings). It is important to recognize that hyperkalemia 
is usually asymptomatic and may be manifested only by an increased serum 
paresan gues eis and p Espei 
electrocardiographic changes. Late mani- 
festations eade muscle seth yare and car- WARREN-TE ED 
diovascular collapse from cardiac arrest. PHARMACEUTICALS INCORPORATED 


SUBSIDIARY OF ROMM AND HAAS COMPANY 
How Supplied: Pints. gallons and 4 fl. oz cocuwsus, onio 43215 
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Mean diastolic pressure 


Hygroton (chlorthalidone) 
50 mg. q.d. vs. 
~ hydrochlorothiazide = 
50 mg. b.i.d. 


Changes in mean serum potassium (mEq./liter) 
g 


Hygroton (chlorthalidone) 
50 mg. q.d. vs. 
hydrochlorothiazide 
50 mg. b.i.d. 


Chlorthalidone 


2 hydrochlorothiazide 
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BRIEF SUMMARY 
Indications: Hypertension, adjunctive therapy in edema. Contraindications: Anuria, hypersensitivity to chlorthalidone or other sulfonamide-derived drugs. Warnings: 
Should be used with caution in severe renal disease, impaired hepatic function or progressive liver disease. May add to or potentiate the action of other antihypertensive 
drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma. Thiazides cross the placental barrier and appear in cord blood. Use in 
pregnant women requires that the anticipated benefits of the drug be weighed against possible hazards to the fetus. These hazards include fetal or neonatal jaundice, 
thrombocytopenia. and possibly other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placental barrier and appear in breast 
milk. If use of the drug is essential, the patient should stop nursing. Precautions: Periodic determination of serum electrolytes to detect possible electrolyte imbalance 
should be performed at appropriate intervals. All patients receiving chlorthalidone should be ebserved for clinical signs of fluid or electrolyte imbalance; namely, hypona- 
tremia, hypochloremic alkalosis, and hypokalemia. Serum and urine electrolyte determinations are particularly important when the patient is vomiting excessively or 
receiving parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop with chlorthalidone as with any other potent 
diuretic, especially with brisk diuresis, when severe cirrhosis is present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electrolyte 
intake will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially with reference to myocardial activity. Any chlo- 
ride deficit is generally mild and usually does not require specific treatment except under extraordinary circumstances (as in liver disease or renal disease). Dilutional 
hyponatremia may occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain patients. Insulin requirements in diabetic 
patients may be increased, decreased, or unchanged and latent diabetes mellitus may become manifest. Chlorthalidone and related drugs may increase the respon- 
siveness to tubocurarine. The antihypertensive effects of the drug may be enhanced in the pastsympathectomy patient. Chlorthalidone and related drugs may decrease 
arterial responsiveness to norepinephrine. If progressive renal impairment becomes evident, as indicated by a rising nonprotein nitrogen or blood urea nitrogen, a 
careful reappraisal of therapy is necessary with consideration given to withholding or discontinuing diuretic therapy. Chlorthalidone and related drugs may decrease 
serum PBI levels without signs of thyroic disturbance. Adverse Reactions: Anorexia, gastric irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic cholestatic jaundice), pancreatitis: dizziness, vertigo, paresthesias, headache, xanthopsia; leukopenia, agranulocytosis, thrombocytopenia, aplastic ane- 
mia; purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypeten- 
sion may occur and may be aggravated by alcohol, barbiturates or narcotics. Other adverse *eactions include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. Whenever adverse reactions are moderate or severe, chlorthalidone dosage should be reduced or therapy withdrawn. NV 
Usual Dose: One tablet daily. How Supplied: Tablets— 100 mg. (white, scored) and 50 mg. (aqua) in bottles of 100 and 1000; PAKs of 28 tablets, boxes of 6. 





in hypertension 
Hygruton vs. hyurochlorothiaziue 


(chiorthalidone) 


The advantages of Hygroton 


Goal 
pressure 
with single "Two 50 mg tablets of hydrochlorothiazide were 
daily dOSES 75:5 one 50 mg tablet of chlorthalidone 

Frank A. Finnerty, Jr.’ 











More 

positive The advantages of chlorthalidone over hydrochloro- 

potassium thiazide "...should be reflected in better patient 
compliance, because of its...potential for fewer side 

Dr ofile effects resulting from decreased potassium..." 


Frank A. Finnerty, Jr.' 









Hygroton 50mg. 


(chiorthalidone) 
blocks sodium retention longer 


m Unsurpassed in duration of action 
m True once-a-day administration"? 
m Established efficacy'^ 

m Excellent patient compliance'-? 





USV Laboratories Inc. 


LABORATORIES Manati, P.R. 00701 
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..during the postprandial period 


SUMMARY OF PRESCRIBING INFORMATION 


*| Indications: Based on a review of this drug by The National Academy 
| of Sciences—National Research Council and/or other information, 
FDA has classified the indications as follows: 

"Probably" effective: The chewable dosage form of SORBITRATE 
is indicated for the treatment of acute anginal attacks and for prophy- 
laxis in situations likely to provoke such attacks. 

Final classifications of the less-than-effective indications requires 
further investigation. 


Contraindications: ^ history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other nitrates may occur 
Adverse Reactions: Headache which may be severe and persistent. Low- 
ering the dose and using analgesics will help control the headaches which 
usually diminish or disappear as therapy is continued. 

Adversereactionsseen occasionally: Cutaneous vasodilation with flush- 
ing; transient dizziness and weakness as well as other signs of cerebral 
ischemia associated with postural hypotension; individual marked sensi- 
tivity to the hypotensive effects of nitrates wherein severe responses can 
occur even with the usual therapeutic dose (alcohol may enhance this 
effect); drug rash and/or exfoliative dermatitis. 

Thisdrug can actas a physiological antagonist to norepinephrine, acetyl- 
choline, histamine and other agents. 
Dosage and Administration: /ndividual Dose: To minimize hypotensive re- 
sponses, which may occasionally be severe with chewable doses as low 
as 5 mg., the smallest effective dose should be employed. Chewable tab- 
lets are generally given in doses of 5 mg. 

Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an angina attack. CHEWABLE SORBITRATE 


(isOsorbide dinitrate) may be taken for prompt relief of angina pain tree or 
four times daily. Although the onset and duration of effect of coronary 
nitrates may vary, following is the generally reported range of these values 
for CHEWABLE SORBITRATE. 
Onset of Effect: Two to five minutes. 
Duration of Effect: One to two hours. 


SORBITRATE. 5mo. 


(ISOSORBIDE DINITRATE) 


UP TO 2 HOURS OF 
ANGINA PROTECTION. 
AT MEALTIME... AND ANY 
OTHER TIME OF STRESS. 


STUART PHARMACEUTICALS | wilmington, DE 19897 
Division of ICI United States Inc. 
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is attributed to (1) reduced operative mortality, (2) fewer intraoperative infarctions, (3) more - 
complete revascularization, and (4) higher patency rate of the internal mammary artery 
graft. The major contraindication to internal mammary arterial grafting is the presence of 
large coronary arteries or left ventricular hypertrophy. The cumulative graft patency rate 
for 1,208 saphenous vein grafts constructed to the left anterior descending coronary artery 
was 86 percent, approximately 10 percent less than the rate for the internal mammary ar- 
tery. The most plausible reason for this difference is the smaller discrepancy in size be- 
tween the internal mammary artery and the recipient coronary artery. 


EXPERIMENTAL STUDIES 


523 Acute Blood Pressure Elevation and Ventricular Fibrillation Threshold During Coronary 
Occlusion and Reperfusion in the Dog 


CHARLES M. BLATT, RICHARD L. VERRIER and BERNARD LOWN 





Acute hypertension induced by intravenously injected phenylephrine significantly dimin- 
ished the enhanced vulnerability to ventricular fibrillation after experimentally produced 
coronary occlusion in 19 closed chest dogs. Withdrawal of sympathetic tone mediated by 
the baroreceptor reflex, resulting from elevation of blood pressure, appears to protect 
against ventricular fibrillation. The predisposition to ventricular fibrillation during reperfu- 
sion may be due to mechanisms other than those operating during coronary occlusion. 
Clinically the increase in blood pressure often observed in the early phase of acute myo- 
cardial infarction may possibly lessen electrical instability. 


529 Functional Significance of Coronary Arterial Stenoses Assessed by Regional Changes in 
Intramyocardial S-T Segment Voltage and Myocardial Gas Tensions With Atrial Pacing 


JOHN B. O'RIORDAN, JOHN T. FLAHERTY, JAMES S. DONAHOO and VINCENT L. GOTT 


In these dog experiments intramyocardial S-T voltage and myocardial carbon dioxide ten- 
sion showed parallel increases with atrial pacing in the presence of subcritical, critical and 
supercritical coronary stenoses. S-T segment changes in the deeper myocardial layers 

> were of greater magnitude than those recorded near the epicardial surface in animals with 
a critical stenosis. These results suggest that the severity of myocardial ischemia can be 
assessed by measuring intramyocardial S-T voltage or myocardial gas tensions at resting 
and paced heart rates and that the intramyocardial S-T voltage is a more sensitive indicator 
than epicardial S-T changes. Development of a method for intraoperative assessment of 
the functional significance of multiple coronary stenoses would significantly aid evaluation 
of patients undergoing coronary revascularizatjon. 


537 Early Changes in Regional and Global Left Ventricular Function Induced by Graded 
Reductions in Regional Coronary Perfusion 


DAVID D. WATERS, PROTASIO DALUZ, H. L. WYATT, H. J. C. SWAN 
and JAMES S. FORRESTER 


Blood flow in the left anterior descending coronary artery of dogs had to drop to 48 + 4 per- 
cent (mean + standard error of the mean) of the control value before the occurrence of 
mild regional ischemia characterized by the beginning of regional lactate production. The 
onset of segmental mechanical dysfunction coincided with that of lactate production, but 
epicardial S-T segment abnormalities could not be detected over the ischemic zone until 
e coronary flow was further reduced. After the development of regional ischemia the region- 
of. Continued on paae A19 
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Innovations. Technical innovations in elec- 
trocardiography that make your old cardiograph, 
whatever its condition, virtually obsolete if it’s 
more than 7 years old. Innovations that are incor- 
porated into the design and construction of the 
Burdick EK-5A. 

The solid-state EK-5A exceeds the minimum 
AHA frequency-response recommendations. Its 
unique rectilinear recording process produces 
high fidelity ECG’s with exact definition and ac- 












curacy. Its high fre- 
quency-response setting 
produces tracings that can show 
electrical impulses often undetected by 
other electrocardiographs. Impulses that can 
be diagnostically significant. 

In situations where excessive artifacts can- 
not be avoided — such as ExECG procedures, 
infant and geriatric patients, older electrical sys- 
tems, electrical interference (AC) — Burdick's 
new, optional artifact filter makes acceptable 
electrocardiograms possible. 

These are just a few of the advantages 
Burdick's EK-5A has over your old cardiograph. 
For more information, including a demonstration, 
call toll-free, (800) 356-0701. Within Wisconsin: 
(608) 868-7631. Or write, The Burdick Corporation, 
Milton, Wisconsin 53563. 


BURDICK 
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al lactate production correlated closely with further decrements in coronary flow. No con- 
sistent changes were noted in the standard measurements of global left ventricular perfor- 
mance at the onset of mild regional ischemia. The consistent decrease in peak negative 
dP/dt (maximal rate of pressure decrease) values with mild ischemia noted in these studies 
suggests that this measurement may be a useful clinical indicator for detecting ischemia 
during pacing in man. 


544 Effect of Drugs on Conduction Delay and Incidence of Ventricular Arrhythmias Induced by 
Acute Coronary Occlusion in Dogs 


VICTOR ELHARRAR, WINSTON E. GAUM and DOUGLAS P.. ZIPES 


In dogs subjected to acute coronary occlusion aprindine increased by 19.5 msec the delay 
in activation time produced by coronary ligation alone; verapamil reduced by 10 msec the 
extent of ischemia-induced conduction delay; neither quinidine nor isoproterenol signifi- 
cantly altered the delay in activation time in the ischemic zone. The incidence of ventricu- 
lar arrhythmias increased after aprindine, decreased after verapamil and remained un- 
changed by quinidine or isoproterenol. Delayed activation of the ischemic myocardium ap- 
pears to play an important role in the genesis of early arrhythmias due to myocardial infarc- 
tion. Drugs significantly depressing conduction in the ischemic myocardium may predis- 
pose to the development of ventricular arrhythmias; drugs that improve conduction may be 
protective. In experimental studies like these, the method of drug administration is critical 
and requires further investigation before results can be extrapolated to clinical practice. 


PEDIATRIC CARDIOLOGY 


550 Cardiac Pacing in Children and Adolescents 
SEYMOUR FURMAN and DENNISON YOUNG 


Although the complexities of the growing active child and the paucity of suitable electronic 
equipment magnify the problems of pacemaker therapy in children, these results in 19 pa- 
tients aged 1 month to 18 years followed up for up to 9 years proved that implanted pace- 
makers were lifesaving and well tolerated physically and emotionally in children. Manage- 
ment problems were no different for transvenously implanted units or those placed during 
thoracotomy. Asynchronous pacing and atrial synchronous pacing were equally therapeu- 
tic. Early indoctrination and education of the patient and the parents are necessary to pre- 
vent excessive concern by the former and overprotectiveness by the latter. 


559 Postoperative Complete Heart Block in 64 Children Treated With and Without Cardiac 
Pacing 


PHILIP J. HOFSCHIRE, DEMETRE M. NICOLOFF and JAMES H. MOLLER 


These results in 64 children with complete heart block during intracardiac surgery show 
the superiority of cardiac pacemakers over medical management in preventing deaths 
secondary to Stokes-Adams attacks or other rhythm disturbances. Although seven patients 
with a permanent cardiac pacemaker died, only one died after discharge from the hospital; 
in contrast, five of seven patients died during medical management after leaving the hospi- 
tal. These investigators favor a 4 to 6 week trial of temporary pacing before a permanent 
pacemaker is implanted in children with postoperative heart block. Despite complications, 
the use of permanent pacemakers was associated with a low mortality rate in these pa- 
$ tients. 


LÀ Continued on paae A21 
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Forthe special needs of patients 
with hard,dry stools 


. Hard, dry stools hurt, and may be hazardous by causing straining. SENOKOT S Tablets offer 
. comfortable relief by softening the stool and stimulating its movement. 


Provides standardized senna concentrate, 

a clinically established laxative of choice 

Standardized senna concentrate is a gentle, effective neuroperistaltic stimulant with 
documented effectiveness in thousands of patients. Its virtually colon-specific, gentle, 
predictable action is generally free of side effects at proper dosage levels. 


Provides DSS, the classic stool softener 
DSS in SENOKOT S Tablets complements the laxative effect of standardized senna 
concentrate by "moistening" and softening the stool for smoother and easier passage. 


- Comfortable overnight action 

. With DSS and standardized senna concentrate, SENOKOT S Tablets provide both softness 
and stimulation for constipated patients with hard, dry stools. Taken at bedtime SENOKOT S 
. Tablets usually induce predictable, comfortable evacuation the next morning. 


. Purdue Frederick 


: © COPYRIGHT 1976, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 
- A8339 178576 








enokot 


(standardized senna concentrate and:cioctyl sodium sulfosuccinate ) tablets 


the" S"stands for softener 
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563 Interruption of the Aortic Arch: Preoperative and Postoperative Clinical, Hemodynamic and 
Angiographic Features 


CHARLES B. HIGGINS, JAMES W. FRENCH, JAMES F. SILVERMAN and LEWIS WEXLER 


Congestive heart failure and generalized cyanosis as well as pulmonary and systemic arte- 
rial hypertension and an assortment of intracardiac and aortic shunts occurred in most of 
the 10 patients with interruption of the aortic arch, a relatively rare lesion that may become 
clinically manifest at any age from birth into early adult life. In these cases angiography re- 
vealed multiple routes of collateral circulation to the descending aorta and the small diam- 
eter of the ductus arteriosus indicated it was a precarious source of blood flow to the de- 
scending aorta. Surgical repair of this complex anomaly, including ligation of the ductus ar- 
teriosus, banding of the pulmonary artery and a graft connecting either the ascending aorta 
or main pulmonary artery to the descending aorta, proved successful in four of the eight in- 
fants with associated anomalies and in two with the isolated defect. 


572 Ventricular Septal Defect in Interruption of Aortic Arch 


ROBERT M. FREEDOM, HUGH H. BAIN, ENRIQUE ESPLUGAS, RENATE DISCHE 
and RICHARD D. ROWE 


Interruption of the aortic arch, a rare cardiac anomaly constituting less than 1 percent of 
all congenital heart disease, is a condition in which the ascending and descending portions 
of the aorta are not continuous and blood flow to the descending aorta occurs through a 
patent ductus arteriosus. In this necropsy study of 34 patients with this condition the site of 
interruption occurred between the left common carotid and the left subclavian arteries in 
61.8 percent and distal to the left subclavian artery in 38.2 percent. No relation was ob- 
served between the position of the ventricular septal defect (present in all but two patients, 
who had a large aortopulmonary fenestration) and the type of aortic interruption. Deformity 
of the aortic valve, not uncommon in this series, was not associated with any specific type 
of interruption. 


METHODS 


583 Evaluation of a Computerized Arrhythmia Alarm System 


DALE A. FROST, FRANK G. YANOWITZ and T. ALLAN PRYOR 


Computerized arrhythmia monitoring systems offer significant advantages over conven- 
tional analog heart rate monitoring techniques in a coronary care unit. Of 79 computer 
alarms, 42 (53 percent) were true positive alarms; during the same period there were 167 
analog alarms of which only 13 (8 percent) were true positive alarms. The 37 false comput- 
erized arrhythmia alarms represented less than 25 percent of the total number of false an- 
alog alarms. Signal artifact was the most common cause of false arrhythmia alarms. Dur- 
ing the entire study arrhythmia alarm overrides had to be set only twice. In both systems 
false positive alarms were primarily due to patient movement. An unexpected finding was 
the small number of true positive alarms in the coronary care unit. The data suggested an 
average of 1 alarm condition for every 5 hours of patient monitoring. 


REPORTS ON THERAPY 


588 Effects of Dobutamine in Patients With Acute Myocardial Infarction 


THOMAS A. GILLESPIE, H. DIETER AMBOS, BURTON E. SOBEL and ROBERT ROBERTS 


Dobutamine, a new beta adrenergic agonist with minimal beta and alpha adrenergic ef- 

fects, increased cardiac output from 4.9 + 0.37 to 6.0 + 0.38 liters/min (mean + standard 

error) and decreased pulmonary arterial occlusive pressure from 21.5 + 2.7 to 16.7 + 1.6 
Continued on page A23 


CARDIOCASSETTE. II 


NEW Pocket Size 
Ambulatory ECG System 


The small size and weight (under 15 ounces 
with battery) of the new CARDIOCASSETTE Ii 
- make it ideal for investigations into the cause of 
transient dyspnea, angina, cerebral ischemia, 
etc., and for monitoring progress in cardiac 
rehabilitation. CARDIOCASSETTE Il is easily 
carried in shirt or coat pocket, across the 
shoulder or on the hip. There is little or no 
interference with patient activity even during 
strenuous sports or exercise such as tennis. 


Patient-activated mode permits patient to initiate ECG recor- 
dings during symptoms or during activity being investigated. An 
automatic programmer provides a variety of selectable programs 
giving ECG recordings from 3⁄2 to 28 seconds in length at intervals 
from 15 to 120 minutes, permitting long-duration monitoring of 
active patients. Continuous recordings up to 30 minutes long are 


possible. The patient can record voice comments along with the 
ECG, eliminating the need for a written diary. 


CARDIOCASSETTE Il plays back directly into any standard 
office ECG unit. No scanning or data processing equipment is 
required. This feature permits storage of ECG data for subsequent 
processing by a variety of modes including oscilloscope display, 


editing, phone transmission, batch process- 
ing, computer analysis, etc. 


Recorded ECG can be transmitted 
directly from CARDIOCASSETTE Il over 
the telephone to any ECG receiver, 
facilitating remote analysis or consultation. 


Performance exceeds American Heart 
Association standards for frequency 
response, common mode noise rejection, 
and impedance. 


For a demonstration or more information on the 


new CARDIOCASSETTE ll write or phone: 
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mm Hg without significantly altering heart rate or systemic arterial blood pressure in 16 pa- 
tients with evolving myocardial infarction. The ratio of observed to predicted infarct size, 
the frequency of reinfarction or extension of infarction and the frequency of premature 
ventricular complexes were similar in control and treated patients. The administration of 
dobutamine in doses sufficient to improve ventricular function after myocardial infarction 
does not aggravate myocardial injury or produce ventricular arrhythmias. The pharmaco- 
logic properties of dobutamine suggest that it may be suitable for supporting the circulation 
in patients with acute myocardial infarction. 


595 Platelet and Fibrinogen Survival in Coronary Atherosclerosis. Response to Medical and 
Surgical Therapy 


JAMES L. RITCHIE and LAURENCE A. HARKER 


This study of the survival times of chromium-51 platelets and iodine-125 fibrinogen in 58 

men with documented coronary atherosclerosis demonstrates that selective platelet con- 

sumption occurs in atherosclerotic coronary vessels of some patients and that medical or 

surgical intervention may inhibit this process. Platelet survival was measurably decreased * 
in more than half of these patients. Dipyridamole and acetylsalicylate corrected platelet oa 
survival to near control values. Platelets thus seem to play a fundamental role in coronary 
atherogenesis in which the genesis and subsequent growth of atheromas involve endothe- 
lial cell desquamation, platelet adhesion and release of a platelet mitogenic factor that 
stimulates intimal proliferation of smooth muscle cells. Pharmacologic inhibition of platelet 
function appears to inhibit the atherosclerotic process. 


REVIEWS 


599 The Human Coronary Microcirculation: An Electron Microscopic Study 
LIB| SHERF, YEHUDA BEN-SHAUL, YAIR LIEBERMAN and HENRY N. NEUFELD 


Electron microscopy of the human coronary circulation in myocardial tissue obtained at 
surgery in five patients identified arterioles, precapillary sphincters, capillaries and ven- 
ules. The arterioles are the smallest blood-distributing arteries in the heart, and the main 
exchange of gases and nourishing substances occurs in the capillaries. The precapillary 
sphincters control blood flow to the capillaries and their abnormal constriction in some 
pathologic conditions may diminish flow and play a significant role in the occlusion of ves- 
sels free from sclerosis. 


CASE REPORTS 


608 Aortic Implantation of Anomalous Left Coronary Artery Arising From Pulmonary Artery 
R. RANDALL GRACE, PAOLO ANGELINI and DENTON A. COOLEY 


This new technique of reimplantation of an anomalous left coronary artery from the pulmo- 
nary artery into the aorta proved successful in four cases and should reverse the generally 
poor prognosis of patients with this anomaly. Employing transection of the pulmonary ar- 
tery to visualize more completely the ostium of the anomalous vessel and removal of a 
small cuff of pulmonary artery surrounding the coronary ostium to enhance the anastomo- 
sis to the aorta, this technique is recommended for the definitive repair of both infantile and 
adult types of the anomaly, regardless of patient age or size, as soon as the diagnosis is es- 
tablished. 


EDITORIALS 


614 Asymptomatic Coronary Artery Disease and Coronary Bypass Surgery 


. ARTHUR SELZER and KEITH COHN 
Continued on page A24 
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617 Guidelines for Training in Cardiovascular Disease 
Prepared by the Subspecialty Board on Cardiovascular Disease of the American Board of Internal 
Medicine 


These revised guidelines by the Subspecialty Board on Cardiovascular Disease of the 
American Board of Internal Medicine provide recommendations on the proper training and 
education of a subspecialist in cardiovascular disease. Sincere dedication to life-long con- 
tinuing education, the acquisition of appropriate clinical skill and thoughtful judgment in uti- 
lizing technologic procedures are some essential attributes of such a subspecialist. Ade- 
quate supervision and facilities are equally important. Wisely providing direction only, 
these guidelines are not to be interpreted as bald requirements unless specifically stated. 
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Reporting Surgical Data in Congenital Heart Disease—Reitman and Van Praagh 


Obstructing Ventricular Septal Defect in Double Outlet Right Ventricle—Serratto and 
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LOOD 
Doo x 


MAY 1977 


NATION 
AL y 
có 
HINON 33v 









ExerCybernetics 


the total communication between man and machine 
in the automatic control and documentation of exercise stress testing. 


: E & s , n er E e ains wlan Rm dane’ ine ek diee ud uM dien CAN 
Del Mar Avionics new 3100 ExerStress* Analysis Systems do it the way [7 REA ONES LE 
you want it. Automatically. From workup, throughout test, to recovery. | — 1601 Alton Avenue at Redhill 


Irvine, California 92714 - (714) 549-1500 


O Please send me more information on Del Mar 
Avionics new ExerCybernetics Systems. 
[] Please schedule me for a visiting demonstration. 


And they do it with a difference. We call that difference ExerCybernetics. 


l 
Communication is what it’s all about. Not a one-sided monologue of l 
automation and documentation like other computer-assisted systems, | 
Del Mar Avionics 3100 Exer Stress Analysis Systems include you in the 4 rm 
conversation. Your input can change and direct the automation before, | 
during, and after the procedure. You ask the machine what you want — | 

| 

| 


to know, not what the machine has been programmed to tell you. 





Organization 





Address 


The concept is ExerCybernetics The reality is Del Mar Avionics new | ; | 
3100ExerStress Analysis Systems. The difference is you. ON NC KE ME RU iE EE 


DEL MAR AVIONICS 
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Sustained Action 

(pentaerythritol tetranitrate) 80 mg 
Peritrate” 

(pentaerythritol tetranitrate) 40 mg 
Peritrate” 

(pentaerythritol tetranitrate) 20 mg 
Peritrate^ 

(pentaerythritol tetranitrate) 10 mg 


CAUTION: Federal law prohibits dispensing without prescription. 
Description: Each tablet of Peritrate SA Sustained Action contains: 
pentaerythritol tetranitrate 80 mg (20 mg in immediate release layer 
and 60 mg in sustained release base). Each tablet of Peritrate 40 mg 
contains pentaerythritol tetranitrate 40 mg. Each tablet of Peritrate 
20 mg contains pentaerythritol tetranitrate 20 mg. Each tablet of 
Peritrate 10 mg contains pentaerythritol tetranitrate 10 mg. Peritrate 
(pentaerythritol tetranitrate) is a nitric acid ester of a tetrahydric 
alcohol (pentaerythritol). 


Indications: Based on a review of this drug by the National 
Academy of Sciences—National Research Council and/or 
other information, FDA has classified the indications as 
follows: 

"Possibly ' effective: Peritrate (pentaerythritol tetranitrate), is 


indicated for the relief of angina pectoris (pain associated with 
coronary artery disease). It is not intended to abort the acute 
anginal episode but it is widely regarded as useful in the pro- 
phylactic treatment of angina pectoris. 

inal classification of the less-than-effective indications 
requires further investigation. 





Contraindications: Peritrate SA Sustained Action per menit 
tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are 
contraindicated in patients who have a history of sensitivity to the 
drug. 

Warning: Data supporting the use of Peritrate (pentaerythritol tetra- 
nitrate) during the early days of the acute phase of myocardial 
infarction (the period during which clinical and laboratory findings 
are unstable) are insufficient to establish safety. 

This drug can act as a physiological antagonist to norepi- 
nephrine, acetylcholine, histamine, and many other agents. 
Precautions: Should be used with caution in patients who have 
glaucoma, Tolerance to this drug, and cross-tolerance to other 
nitrites and nitrates may occur. 

Adverse Reactions: Side effects reported to date have been pre- 
dominantly related to rash (which requires discontinuation of medi- 
cation) and headache and gastrointestinal distress, which are 
usually mild and transient with continuation of medication. In some 
cases Severe, persistent headaches may occur. 

In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and weakness, as well as 
other signs of cerebral ischemia associated with postural 
hypotension, may occasionally develop. 

(c) An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, perspiration and col- 
lapse) Can occur, even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate (pentaerythritol tetranitrate) may be administered 
in individualized doses up to 160 mg a day. Dosage can be initiated 
at one 10 mg or 20 mg tablet q.i.d. and titrated upward to 40 mg 
(two 20 mg tablets or one 40 mg tablet) q.i.d. one-half hour before 
or one hour after meals and at bedtime. Alternatively, Peritrate Sus- 
tained Action 80 mg can be administered on a convenient b.i.d. 
dosage schedule. 

Supplied: Peritrate SA Sustained Action (pentaerythritol tetrani- 
trate) 80 mg—double-layer, biconvex, dark green /light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 (N 0047-0004-60). Also 
unit dose, package of 10 x 10 strips (N 0047-0004-1 ). 

Peritrate (pentaerythritol tetranitrate) 40 mg- pink scored tablets 
in bottles of 100 (N 0047-0008-51 ). | 

Peritrate (pentaerythritol tetranitrate) 20 mg—light green, scored 
tablets in bottles of 100 (N 0047-0001-51) and 1000 (N 0047-0001-60). 
Also unit dose, package of 10 x 10 strips (N 0047-0001-11). 

Peritrate (pentaerythritol tetranitrate) 10 mg—light green, 
unscored tablets in bottles of 100 (N 0047-0007-51) and 
1000 (N 0047-0007-60). 

STORE BETWEEN 59? and 86° F (15? and 30° C). 

Animal Pharmacology: In a series of carefully designed studies in 

pigs, Peritrate (pentaerythritol tetranitrate) was administered for 48 

hours before an artifically induced occlusion of a major coronary 

artery and for seven days thereafter. The pigs were sacrificed at 

various intervals for periods up to six weeks. The result showed a 

significantly larger number of survivors in the drug-treated group. 

Damage to myocardial tissue in the drug-treated Survivors was less 

extensive than in the untreated group. Studies in dogs subjected to 

oligemic shock through progressive bleeding have demonstrated 
that Peritrate (pentaerythritol tetranitrate) is vasoactive at the post- 
arteriolar level, producing increased blood flow and better tissue 
perfusion. These animal experiments cannot be translated to the 
drugs actions in humans. 

Full information is available on request. 


Warner / Chilcott 

Division, 

Warner-Lambert Company 
Morris Plains, N.J. 07950 














Pioneers in 
.. Lithium 
 Pacemakers 


. 5-6 Years Usable Life- 
~- Smaller Size. 











Lithium Mercury 


_ USABLE LIFE—5-6 YEARS USABLE LIFE—3 YEARS 
_ THICKNESS—56" 17 mm THICKNESS—1" 25 mm 


WEIGHT—100g WEIGHT—155g 
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Advantages: 


Siemens was one of the first to 
develop a lithium powered pace- 
maker with double the usable life 

of mercury models. While not the 
first to market one, our additional 
testing and research has produced a 
group of lithium pacemakers with 
significant advantages. 


The smooth, rounded contour and 
slender profile has proved very 
comfortable for the patient. 


The basic rate of 70 impulses per 
minute is maintained throughout the 
life of the pacemaker. The basic 
rate is not dependent upon battery 
voltage and thus it does not decline 
during its useful lifetime. 


Two distinct cell depletion indicators 
are offered only in Siemens-Elema 
lithium pacemakers. A magnet test 
rate drops from 100 impulses per 
minute to 85 per minute indicating 
aging. A drop in basic rate from 70 to 
60 impulses per minute makes the 
patient aware of need for replace- 
ment prior to a 3-month safety 
period. These tests are especially 
important in pacemakers with 5 to 12 
years usable life. 


QRS-inhibited Model 207 has an 
impulse duration of 1.0 ms and 
Model 217 has an impulse duration 
of 0.5 ms. While somewhat more 
expensive than mercury pacemakers, 
the cost per year of usable life is 
25-30% less. These two 6-year 
lithium pacemakers are 33% thinner 
and lighter than mercury models 
offering 3 years usable life. Patient 
comfort is increased, incidence of 
irritation and perforation is 
significantly reduced. 


Our Model 187 lithium pacemaker 
(.75 ms impulse duration) offers up to 
12 years usable life. This model also 
is only %4” (17 mm) thick, while 
overall volume and weight is similar 
to a3 year mercury pacemaker. 


Other Features: 


Stable electrical parameters 
throughout the pacemaker's life. 
Practically insensitive to interference. 
For extra safety, the pacemaker 
switches from the inhibited mode in 
the event of unusually strong fields of 
interference. 


Defibrillation-proof. 
Run-away protection. 


Pacemaker housing is hermetically- 
sealed titanium; the lithium-iodide 
cell is also hermetically sealed for 
greatest reliability. Pulse amplitude 
decreases only 0.8V from beginning 
to end of estimated pacemaker life. 





CALL COLLECT FOR A LITHIUM PACEMAKER DEMONSTRATION OR WRITE FOR LITERATURE. 


[] Please call for an appointment to demonstrate Siemens-Elema lithium pacemakers. 
[] Please send literature describing Models 187, 207 and 217. 








PHONE NAME 
ADDRESS 
CITY STATE ZIP 





SIEMENS-ELEMA 


Pacemaker Division « Elema-Schonander, Inc. + Box 128 * Elk Grove Village, Illinois 60007 * 312/640-6460 







| tress testing. 

. How to get started 
| at a price 

.. you can affor 


Stress testing is rapidly becoming a standard diagnostic 
tool. But setting up your own stress testing unit can be costly. 









5 The equipment shown here will give you a basic system, 

jE flexible enough to build on for years to come. 

; Select a treadmill that will last. The treadmill is the basic 
Ki 


workhorse of the system. It has to be durable. For 16 years, 
Ke Quinton treadmills have been the standard in re- 4 
search centers, heart clinics and everyday practice. 
We build seven models. All feature endless 
[ns nylon belts for extra long service life, aircraft 
type honeycombed aluminum decks, lifetime 
be lubricated bearings and heavy duty AC motors 
k with “no jerk" speed control. i 
5 Quinton treadmills offer variable speed and em 
i elevation with metered readouts for both. Reno Model 19-01 
Ai Select a practical multi-channel ECG 
monitor. Quinton offers a variety of ECG monitors. Our 
Model 623 two-channel unit has the versatility of multiple 






A | channel monitoring without the expense of three channel 
E systems. 

E The Quinton Model 623 gives you pushbutton lead 

5. j selection and lets you display and record any two leads 

E simultaneously. With the QRS Sync feature, each consec- 
E. utive QRS complex can be expanded to the full width of the 
n screen, making even small changes obvious immediately. 


DENS SW EN TS No battery packs are required with the 623 and the 
Model 623 ECG Monitoring System internal calibration system not only checks the recorder 

before you conduct a test, it also checks the oscilloscope, patient cables and heart 

rate meter to assure you of total system accuracy. 
Build the system as your practice grows. Quinton offers 
a number of special purpose units which will expand the system's 

capabilities as your needs grow. 
j A Quinton programmer allows you to concentrate on the 
monitor and the patient while the test progresses automatically. 
— E ADE aa. ae The Quinton ECG eer SEN. Model 740 ECG Data Computer 
iv Treadmill Programmer Data Computer digitally 
displays the heartrate, S-T level and S-T slope. mo D -— 
It averages the signal to help you "see through" | | | 1 
noisy ECG, and it records heartrate, S-T acronis VEN ee 
changes, arrhythmias and 20 beat ECG averages. Model 611 Cardiotachometer 
The Quinton cardiotachometer computes and digitally displays heartrate on an 

instantaneous, beat-by-beat basis. For details on all these products, contact Quinton 
Instruments, Dept. E16, 2121 Terry Avenue, Seattle, Washington 98121. 
Call 206/223-7373 or dial toll free 800-426-0538. QUINTON 


Professional Exercise Testing Seminar. Call now for . 
details on our regional, one day sessions, 800-426-0538 
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Lasix Tablets 


(furosemide) 20mg and : 40mg 
in hyp ertension. 


Lasix Tablets have 

been shown to reduce 
elevated blood pressure 
in diuretic-responsive 
patients. Mme 


Lasix.Forthe — 
treatment of essential 
benign hypertension. 
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Lasix Tablets 
furo 


( semide) 20mg and 40mg 


in hypertension. 


A brief summary of the Prescribing Information for 
Lasix® (furosemide) Tablets 20 mg and 40 mg 


WARNING -Lasix (rurosemide) is a potens diuretic which if given in 
excessive amounts can lead to a profound diuresis with water and electro- 
ye depletion. Therefore, careful medical supervision is required, and 

ose and dose schedule have to be adjusted to the individual patient's 
needs. (See under “Dosage and Administration.") 

Indications—Lasix (furosemide) is indicated for the treatment of the 
edema associated with congestive heart failure, cirrhosis of the liver, and 
renal disease, including the nephrotic syndrome. 

Hypertension—Lasix (furosemide) may be used for the treatment of 
hypertension alone or in combination with other antihypertensive drugs. 
Hypertensive patients who cannot be s ME er iai controlled with thiazides 
E probably also not be adequately controllable with Lasix (furosemide) 
alone. 

CONTRAINDICATIONS—Because animal reproductive studies have 
shown that Lasix (furosemide) may cause fetal a normalities, the drug is 
contraindicated in women of childbearing potential. (See “Additional 
Information."") : 

Lasix (furosemide) is contraindicated in anuria. If increasing azotemia 
and oliguria occur during treatment of severe progressive renal disease, 
the drug should be discontinued. In hepatic coma and in states of electro- 
lyte depletion, therapy should not be instituted until the basic condition 
Is improved or corrected, Lasix (furosemide) is contraindicated in patients 
with a history of hypersensitivity to this compound. 

,. Warnings—Excessive diuresis may result in dehydration and reduc- 
tion in blood volume, with circulatory collapse and with the possibility 
of vascular thrombosis and embolism, particularly in elderly patients. 
Excessive loss of potassium in patients receiving digitalis glycosides may 
precipitate digitalis toxicity. Care should also be exercised in patients re- 
ceiving potassium depleting steroids. A 

Frequent serum electrolyte, CO; and BUN determinations should be 
performed during the first few months of therapy and periodically there- 


after, and abnormalities corrected or the drug ia ages withdrawn. 


In patients with hepatic cirrhosis and ascites, initiation of therapy 
with Lasix (furosemide) is best carried out in the hospital. Sudden altera- 
tions of fluid and electrolyte balance in patients with cirrhosis may pre- 
Cipitate hepatic coma; therefore, strict observation is necessary uring 
the period of diuresis. Supplemental potassium chloride and, if required, 
an aldosterone antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. 

Patients should be observed regularly for the possible occurrence of 
blood dyscrasias, liver damage, or other idiosyncratic reactions. 

In those instances where potassium supplementation is required, an 
Jie ens preparation should be used rather than enteric-coated potas- 
sium salts. 

There have been several reports, published and unpublished, con- 
cerning nonspecific small-bowel lesions consisting of stenosis, with or 
without ulceration, associated with the administration of enteric-coated 
thiazides with potassium salts. These lesions may occur with enteric- 
coated potassium tablets alone or when they are used with nonenteric- 
coated thiazides, or certain other oral diuretics. 

These small-bowel lesions have caused obstruction, hemorrhage, and 
perforation. Surgery was frequently required, and deaths have occurred. 

Available information tends to implicate enteric-coated potassium 
salts, although lesions of this type also occur spontaneously. Therefore, 
coated potassium-containing formulations should be administered only 
when indicated and should be discontinued immediately if abdominal 
pain, distention, nausea, vomiting, or gastrointestinal bleeding occurs. 

Patients with known sulfonamide sensitivity may show allergic reac- 
tions to Lasix (furosemide). : ' 

Precautions—As with any potent diuretic, electrolyte depletion may 
occur during therapy with Lasix (furosemide), especially in patients re- 
ceiving mener doses and a restricted salt intake. Electrolyte depletion 
may manifest itself by weakness, dizziness, lethargy, leg cramps, ano- 
rexia, vomiting, and/or mental confusion. 

Asymptomatic hyperuricemia can occur and gout may rarely be pre- 
cipitated. Reversible elevations of BUN may be seen. These have been 
observed in association with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. _ 

When parentera{ use of Lasix (furosemide) precedes its oral use, it 
should be kept in mind that cases of tinnitus and reversible hearing im- 
pairment have been reported. There have also been some reports of cases 
in which irreversible hearing impairment occurred. Usually, ototoxicity 
has been reported when Lasix (furosemide) was injected rapidly in pa- 
tients with severe impairment of renal function at doses exceeding sev- 
eral times the usual recommended dose and in whom other drugs known 
to be ototoxic were often given. If the physician elects to use high dose 
parenteral therapy in patients with severely impaired renal function, con- 
trolled intravenous infusion is advisable (for adults, it has been reported 
that an infusion rate not exceeding 4 mg Lasix [furosemide] per minute 
has been used). x 

Increases in blood glucose, and alterations in glucose tolerance tests 
with abnormalities of the fasting and two-hour postprandial sugar have 
been observed, and rare cases of precipitation of diabetes mellitus have 
been reported. 

Lasix (furosemide) may lower serum calcium levels, and rare cases 
of tetany have been reported. : 

Patients receiving high doses of salicylates, in conjunction with Lasix 
(furosemide) may experience salicylate toxicity at lower doses because of 
competitive renal excretory sites. 

Diuretics such as furosemide may enhance the nephrotoxicity of 
cephaloridine. Therefore, Lasix (furosemide) and cephaloridine should 
not be administered simultaneously. i 

Sulfonamide diuretics have been reported to decrease arterial respon- 
siveness to pressor amines and to enhance the effect of tubocurarine. 
Great caution should be exercised in administering curare or its deriva- 





tives to patients undergoing therapy with Lasix (furosemide), and it is 
advisable to discontinue Lasix (furosemide) for one week prior to any 
elective pepe cag 

Adverse Reactions—Various forms of dermatitis, including urticaria 
and rare forms of exfoliative dermatitis, erythema multiforme, pruritus, 
paren eel, blurring of vision, postural hypotension, nausea, vomiting, or 
diarrhea. 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with 
purpura). Rare cases of agranulocytosis which responded to treatment. 

In addition, the petite | rare adverse reactions have been reported; 
however, relationship to the drug has not been established with certainty: 
Sweet taste, oral and gastric burning, paradoxical swelling, headache, 
jauadice, thrombophlebitis and emboli and acute pancreatitis. 

Lasix (furosemide)-induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle cramps, thirst, in- 
creased perspiration, urinary bladder spasm, and symptoms of urinary 
frequency. 

Dosage and Administration 
ADULTS 


; dues usual adult dose of Lasix (furosemide) is 20 to 80 mg given as a 
single dose. 

If the diuretic response with a single dose of 20 to 80 mg is not satis- 
faciory, the Sang schedule should be used: Increase this dose by in- 
crements of 20 or 40 mg not sooner than 6 to 8 hours after the previous 
dose unti! the desired diuretic effect has been obtained. This individually 
determined single dose should then be given once or twice daily. The dose 
of Lasix (furosemide) may be carefully titrated up to 600 mg per day in 
those patients with severe clinical edematous states. 

With doses exceeding 80 mg/day and given for prolonged periods, 
careful clinical and laboratory observations are particularly advisable. 

Hypertension—The usual dose of Lasix (furosemide) is 40 mg twice 
daily both for initiation of therapy and for maintenance. Careful observa- 
tions for changes in blood pressure must be made when this compound is 
used with other antihypertensive drugs, especially during initial therapy. 
The dosage of other agents must be reduced by at least 50 percent as 
socn as Lasix (furosemide) is added to the regimen to prevent excessive 
drop in blood pressure. As the blood pressure falls under the potentiating 
effect of Lasix (furosemide), a further reduction in dosage, or even discon- 
tinuetion, of other antihypertensive drugs may be necessary. It is further 
recommended, if 40 mg twice daily does not lead to a clinically satisfac- 
tory response, to add other hypotensive agents, e.g., reserpine, rather than 
to increase the dose of Lasix (furosemide). 

INFANTS AND CHILDREN . ; 

Pediatric Administration: The usual initial dose of oral Lasix in infants 
and children is 2 mg/kg body weight, given as a single dose. If the diuretic 
response is not satisfactory after the initial dose, dosage may be increased 
by 1 or 2 mg/kg not sooner than 6 to 8 hours after the previous dose. 
Doses greater than 6 mel kg body weight are not recommended. 

For maintenance therapy in infants and children, the dose should be 
adjusted to the minimum effective level. ^ 

How Supplied—Lasix Tablets 40 mg (furosemide) supplied as white, 
round, monogrammed, scored tablets. d 1 

Lasix Tablets 20 mg (furosemide) supplied as white, oval, mono- 
grammed tablets. _ i : i 

Note: Dispense in dark containers. Exposure to light may cause slight 
discoloration which, however, does not alter potency. 

Additional Information 
Toxicology fei : : i v 

The acute toxicity of Lasix (furosemide) has been determined in mice, 
rets, and dogs. In all three animal species, the oral LDso of Lasix (furo- 
semide) exceeded 1000 mg/kg of body weight, while the intravenous LDso 
renged from 300 to 680 mg/kg. Intragastric injection of the drug in new- 
born rats resulted in an LDso of 380 mg/kg. ; 

The acute toxicity of high doses of Lasix (furosemide) was character- 
ized by ons: Palen sis, and collapse. Surviving animals often be- 
came dehydrated and depleted of electrolytes due to the diuresis induced 
by Lasix (furosemide). In the newborn rats, intragastric injection of the 
drug caused hyperactivity and anorexia. : t 

Chronic toxicity studies with Lasix (furosemide) were done in rats 
and dogs. In a one-year study in rats, renal tubular degeneration occurred, 
with all doses higher than 50 mg/kg (4 times the maximal recommended 
human dose of 600 mg per day). A six-month study in dogs revealed cal- 
cification and scarring of the renal parenchyma at all doses above 10 
mg! KE ies percent of the maximal recommended human dose of 600 mg 
per day). 

Reproductive Studies : 

The effects of Lasix (furosemide) on embryonic and fetal develop- 
ment and on pregnant dams were studied in mice, rats, and rabbits. 

Lasix (furosemide) caused unexplained maternal deaths and abor- 
tions in the rabbit when 50 mg/kg (4 times the maximal recommended 
human dose of 600 mg per day) was administered between cays 12 to 17 
cf gestation. In a previous study the lowest dose of only 25 mg/kg (2 times 
the maximal recommended human dose of 600 mg per day) caused ma- 
ternal deaths and abortions. In a third study, none of the pregnant rabbits 
survived a dose of 100 mg/kg. Data from the above studies indicate fetal 
lethality which can precede maternal deaths. À 

The results of the mouse study and one of the three rabbit studies 
also showed an increased incidence of Rire rtis (distention of the 
renal pelvis and, in some cases, of the ureters) in fetuses derived from 


treated dams as compared to the incidence in fetuses from the control 
group. 
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TEKTRONIX 


Portable Patient Monitors 
give you unmatched value 


- 





Really compare: 


Performance capability—only Tektronix gives 
you a line of portable patient monitors that 
includes in a monolithic package: single or dual 
pressure... analog display with or without 
digital readout . . . optional hard copy of analog 
and alphanumerics such as elapsed time, pa- 
tient temperature, heart rate, systolic/diastolic 
and mean pressure... and much more! 
Portability—all monitors are only 9 x 1172 x 6 
inches and 12 pounds (with recorder 9 x 11 Y2 x 
915 inches and 18 pounds). Easy operation— 
color-coded control panels, pushbutton func- 
tions and a clear, bright display make TEK- 
TRONIX Monitors simple to use. Reliability and 
back-up service—even though their accuracy 
and dependability are excellent, 35 Tektronix 
Service Centers nationwide provide 24-hour 
turn-around repair if needed. 


Really compare 
CALLTOLL FREE 
800 547-4804 


e Tektronix 
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Catapres 
(clonidine HCI) 


Catapres can make a diuretic 
look good. 


When more than a diuretic is needed, adding Catapres 
usually lowers blood pressure more.’ 


You can add Catapres to 
Catapres to get pressure down 
near normal. 


Wide therapeutic dosage range — 0.2 mg to 2.4 mg* 
daily. Catapres may be all you need to reach 
near-normal levels. 


*Doses as high as this have rarely been employed. 


Catapres usually doesn't add a 
lot of problems. 


The most common side effects — dry mouth, drowsiness, 
sedation — generally tend to diminish with time. When 
stopping Catapres, reduce dosage gradually over two 
to four days to avoid a possible rapid rise in pressure. 


Please see next page of advertisement for 
a brief summary of the prescribing information including 
precautions, warnings, and adverse reactions. 
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In mild to moderate hypertension 


Hypertension through the lens of 
Lennart Nilsson. The photographic 
genius of Lennart Nilsson has revealed 
extraordinary details of the human 
organism. Now, Boehringer Ingelheim 
has Commissioned an exclusive series 
of photographs by Nilsson depicting 
hypertensive damage. This series. 
presented in the interest of continuing 
medical education, vividly records the 
progression of an insidious disease. 


The Catapres Potential: 


blood pressure not just down, 
but down near normal 


Catapres.............. 


(clonidine HCl) 


Start with Catapres when a 
diuretic is wrong for your patient 


Add Catapres when a diuretic 
alone doesn't let you reach 
near-normal pressure 


Catapres® 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 
(clonidine hydrochloride) is mild to moderate in potency. 
It may be employed in a general treatment program 

with a diuretic and/or other antihypertensive agents 

as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
benefits outweigh the potential risk to mother and fetus. 
Usage in Children: No clinical experience is available 
with the use of Catapres (clonidine hydrochloride) in 
children. 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their physician, Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pres- 
sure, should it occur, can be reversed by resumption 

of clonidine hydrochloride therapy or by intrave- 

nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machinery 
or driving, should be advised of the sedative effect. 
This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated for 
6 months or loager. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Generally these effects tend to diminish with continued 
therapy. The fc!lowing reactions have been associated 
with the drug, some of them rarely. (In some instances 
an exact causai relationship has not been established.) 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride, chlorthalidone, and 
papaverine hydrochloride. Weight gain, transient eleva- 
tion of blood g'ucose, or serum creatine phosphokinase: 
congestive heart failure, Raynaud's phenomenon: vivid 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the 
eyes, dryness cf the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accicental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100. 
For complete details, please see full prescribing 
information. 
Under license from Boehringer Ingelheim GmbH 


Reference: 1. Data on file at Boehringer Ingelheim Ltd. 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 
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Its no secret. 
Were giving it away. 





Wellaive you.a new Avionics 445 Mini- -o (PC Sei ie ee ee 
Holter picta No charge. Then you send the | OMNIMEDICAL nc | 
recordings to us. We'll send you a complete PARAMOUNT. CALIFORNIA 90723 
report. (213) 633-6660 

Your dynamic cardiogram report will include Please send me more information about Omnimedical’s 
a computerized quantitative analysis, a trend Dynamic Cardiography Service. 


analysis of Heart Rate and ST segment levels, 
2-channel real-time recordings of abnormalities 
and symptomatology— completely mounted in 
booklet form. In 24 hours it’s in and out of 

our hands. 


| Name, Title 
| Organization 


Our scanning system is designed to fit your Address City 
system. It’s easy, it’s inexpensive — all you really ASE S E CAUETNSUE lr Ss Mis cc as S 
need is the need. CORDES aed ai e N 


dynamic CARdIOGRApHy SCANNING service Omnimedical 


Little things like this make ou 














Monolithic integrated circuit package from a Telectronics 150 series pulse generator. Actual size of the integrated circuit is 2mm 
2mm (EJ. Two of these circuits incorporate over 90 % of electronic Paintin to substantially reduce risk of electronic malfunctioi 
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acemaker a lot more dependable. 


Telectronics is the only company in the world that 
offers a range of implantable pacemakers with 
monolithic integrated microcircuitry. This advanced 
technology permits almost all pacemaker electronic 
function to be incorporated into two monolithic 
integrated circuits like the one shown here. Apart 
from the obvious benefit of reduced size, the reduced 
number of electronic components minimizes the 
chance of malfunction. 

Circuits: integrated for reliability. These circuits 
in the Telectronics 120, 140 and 150 series of pulse 
generators have now been used clinically in more 
than 12,000 units implanted since 1973 -- with no re- 
ported i.c. malfunctions. Double redundant connections 
further insure an extra degree of reliability that no 
other pacemaker can match. Telectronics has also 
pioneered other important advances -- with a number 
of advantages for you and your patients. 

Titanium: the case against corrosion. Immune to 
corrosive attack by body fluids, titanium optimally 
combines high strength and low density. All 
Telectronics pulse generators are encapsulated in 
titanium and welded by a patented Telectronics 
process that insures hermeticity. This unique process 
of encapsulation with hermetic sealing is not prone 
to the corrosion or loss of hermeticity that may occur 
with stainless steel or other alloys. In over 6 years of 
clinical use there has been no reported instance of 
corrosion in any Telectronics pulse generator. 

Lithium: the power for the future. Now in the 
fifth year of clinical use, the reliability of the lithium 
principle has been well demonstrated in over 50,000 
lithium cells implanted to date. When combined with 
the unique circuitry of Telectronics pulse generators, 
projected performance of the long-life lithium cell and 
time course of energy discharge can be easily calculated 
to determine elective replacement. 

No other pacemaker available anywhere combines 
so many of the most desirable features of pacemaker 
design and function. Telectronics is the first company 
in the world to combine them all: reliable monolithic 
integrated circuitry, predictable lithium power, and 
encapsulation with hermetically sealed titanium. 

All of these advanced features are available in 
a range of implantable pulse generators of dimensions 
and battery sizes to suit individual patient needs. 

Call or write for the Telectronics Reliability Report 
or other technical assistance. 





O 


TELECTRONICS 


8560 Main St. Buffalo, N.Y. 14221 
24-hr. Toll Free Phone 

No. 1-(800) 828-7747 

Head Office: 2 Sirius Road, Sydney, 
Australia 2066. Telex: 20576 
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The place of INDERAL (propranolol 
hydrochloride) among the standard drugs for the 
treatment of disturbed cardiac rhythm has been 
frequently reaffirmed throughout eight years of 
clinical use. In fact, after withdrawal of digitalis, 
"...it may be the treatment of choice for 
digitalis-induced arrhythmias, provided 
hypokalemia is not present.” 'It has been widely 
used in selected supraventricular arrhythmias 
that have proved resistant to digitalis and in 
tachyarrhythmias precipitated by exercise, 
emotional stress, or undesirable sympathetic 
stimulation, and it is also effective in controlling 
supraventricular tachyarrhythmias related to the 
Wolff-Parkinson-White syndrome. ? 






 Intne inner circle ol 
Inderal stands out 


INDERAL protects the heart from undesirable 
catecholamine stimulation through its beta blocking 
action. Propranolol occupies the beta-receptor 
sites, making thern unavailable to the beta- 
adrenergic stimulating effects of catecholamines. 
INDERAL is the first beta-adrenergic blocking agent 
in clinical cardiologic use. 


“In paroxysmal atrial tachycardia, the druc 
slows the ventricular rate, and also i: 


paroxysmal x aluable in toring the heart t 
atria! tachyca fi dia regular. sinus rhythi 3 "INNas 


atrial tachycardia induced by ex 
ercise...has uniformly beer 
prevented by propranolol,” anc 
results with INDERAL in the 
Wolff-Parkinson-White syn- 
drome "...have been favorable 
inall butafew patientsreportec 
This condition appears to be 
one of the more definite indi. 
cations for propranolol." 4 
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persistent sinus tachycardia “Sinustecrycercieinducedy sess 


n 


CMT ITI 
29 Cae es 


LILIIA ef 


d 
ER 
LII 
cen 
Rea 
ave 
eae 
II 





causing symptoms of itself. If the 

clinical situation does not sug- 

gest a needed compensatory 

sinus tachycardia and the heart 

rate is indeed inappropriate, 

treatment with propranolol has 
en successful.” 4 
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tachycardias yn re E 


and arrhythmias 
due to thyrotoxicosis 


Although propranolol may accomplish only the 
reduction of the heart rate in hyperthyroidism, it has 
proved useful for this purpose. ‘Sinus tachycardia 
in hyperthyroidism which causes symptoms 
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may be relieved by the administration of 
propranolol before definitive therapy....The 
author has observed that atrial fibrillation 


complicating hyperthyroidism was easily terminated 
using modest doses of propranolol.” ¢ 


. A40 





In cases of atrial premature beats frequent 
enough that they could herald the onset 
of atrial fibrillation, it has been 
recommended that propranolol be used 
after other measures have 
failed to control the beats.5 





for supraventric 





ar arrhythmias 


atrial H utter “In the presence of atrial flutter, ventricular rate 

is often difficult to control, and, as with an atrial 

fibrillation, propranolol hydrochloride 

Hur i i should be added when the flutter 

is not controlled by digitalis, 

especially inthe presence of mitral 
valve disease. 6 
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atrial f ori | lation “One salutary effect of propranolol is slowing of 

the ventricular rate in atrial flutter and fibrilla- 

tion. ^|n a review of the literature, it 

HET URRE SPENE EBAN FERE a ———-- was noted that most patients with 

tan sass ae af neue fibrillation not controlled by digi- 

talis alone experienced slowing 

of the ventricular rate after admin- 

istration of propranolol and a few 
reverted to sinus rhythm. 7 


and for tachyarrhythmias 3 Mes 
of digitalis intoxicati 


(Apr.) 1973. 3. Harrison, D.C. 


on E.K.: Postgrad. Med. 53:10; 
Clinical Guide to the Use o 


Beta-Adrenergic Blockade ir 









Adrenergic Blockade, Ayers 
Laboratories, 1971, p. 7. 

7. Gibson, D., and Sowton 
E.: Prog. Cardiovasc. Dis 
12:16 (July) 1969 


& 
inde al Tablets 10mg., 40mg., 80 ms. 


Brand of e 


Oropranolol! hydroc € 


"Propranolol is very effective in treating SUIBHGGHHIEBH > is peresecces esi E Arrhythmias, Ayers 

arrhythmias caused by digitalis excess. Its use ous Sones saasa swans beeen cas! — oo i Laboratories, 1971, p. 10 

in this setting may be limited by the presence of ^ LE IRUBTERDBEIBREMSRHHBZIBIH dit Site 26 S at] | Su Maud 

significant congestive heart failure or heart MÀ b enorm + P EA eD. . 9. Menant 

block, both of which can be potentiated by WP POSEN P pM nino Mea. Times 98:118 (Jan: 

propranolol. However, if given in small doses EPPP ETETE | 7 Aches ard Beta 
with careful monitoring, it is often of great 3 : ER HE Si 


value in the treatment of digitalis toxicity." 5 












Ayerst. 
helps prevent or control AYERST LABORATORIES 


catecholamine-induced scsoceogwboeRAs 770o 
cardiac arrhythmias (propranolol hydrochloride) 


(See last page of advertisement for prescribing information.) 
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BRIEFSUMMARY — — | |. — arrhythmias during anesthesia, it should be used with ‘DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: 
(For full prescribing information, see package circular.) | extreme caution and constant bos andcentral venous iremos ueque pe s DEF Lo 
Ben Indoral’ | H ic Subaortic Stenosis 22 SEED RUIT NAM PESSE CC "geo. i opos 
ja act | ieee INDERAL is useful in the management of hypertrophic sub- Brema Ths especial important to V MI ap al 
ERIE ied BRAND O | P aortic stenosis, especially for treatment o* exertional or Scorinah ied ter a GOCI TI ok biced, pf 
ve -= propranolol hydrochloride other stress-induced angina, palpitations, and syncope. arise a bre! EVO of blood pressure. 
9^ ASIA Ti d | RAL also improves exercise performance. The effec- rà has not been established. Use of any drug in 
|... A beta-adrenergic blocking agent tiveness of INDERAL in this disease appears to be due to a pregnancy : Hi de 
[BEFORE usivG iNDERAL (PROPRANOLOL HYDROCHLORIDE), | (SeyStoN.SLtyBclensted outflow pressure gacient which — fRepossible risk to mother and/or elus be weighed against. 
| THE PHYSICIAN SHOULD BE THOROUGHL WW d Noon waar eT eee the expected therapeutic benefit. Embryotoxic effects have 
O THE PHYSICIAN SHOULD Y FAMILIAR provement may be temporary. been seen in animal studies at doses about 10 times the 








Pheochromocytoma 
After primary treatment with an alpha-adrenergic blocking 
agent has been instituted, INDERAL may te useful as ad- 
junctive therapy if the control of tachycardia becomes nec- 
essary before or during ERA 

It is hazardous to use IND unless aipha-adrenergic 
blocking drugs are already in use, since this would IS- 
pose to serious blood pressure elevation. Blocking only the 
peripheral dilator (beta) action of epinephrine leaves its 
constrictor (alpha) action uno d. 1 

or shock, there is a disadvan- 





















im EPT OF C RECEPTORS (ALPHA 
_| AND BETA), AND THE PHARMACOLOGY OF THIS DRUG. 





y absorbed from the gas- In the event of hemorrha i 
+ trointestinal tract, but a portion is immediately bound by tage in having both beta and alpha blockade since the com- 
liver. Peak effect occurs in one to one and one-half bination prevents the increase in heart rate and peripheral 


vasoconstriction needed to maintain blood pressure. 

With inoperable or metastatic pheochramocytoma, 
INDERAL may be useful as an adjunct to the management of 
symptoms due to excessive beta receptor stimulation. 


CONTRAINDICATIONS: INDERAL is contraindicated in: 

1) bronchial asthma; 2) allergic rhinitis during the pollen 
season; 3) sinus bradycardia and greater tnan first degree 
block; 4) cardiogenic shock; 5) right ventricular failure sec- 
ondary to Msi Sanat vul 6) congestive heart 
failure (see WARNINGS) unless the failures secondary to a 
tachyarrhythmia treatable with INDERAL; 7) in patients on 
adrenergic-au piri T uei Sas drugs tincluding MAO 
inhibitors), and during the two week withcrawal period from 
such drugs. 


WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is 
a vital component supporting circulatory function in con- 
gestive heart failure, and inhibition with Geta-blockade 
always carries the potential hazard of further depressing 
myocardial contractility and precipitating cardiac failure. 
INDERAL acts selectively without abolish ng the inotropic 
action of digitalis on the heart muscle (i.e that of support- 
ing the strength of myocardial contractioas). In patients al- 
ready receiving digitalis, the positive inotropic action of 
digitalis may be reduced by INDERAL’s negative inotropic 
effect. The effect of INDERAL and digitalis are additive in 
N PATI AV conduction. 


; urs. The biol 
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 uals. Since there is no reliable test to estimate 

_ tone or to determine whether total beta blocka 

_ achieved, proper dosage requires titration. 

... Beta receptor blockade is useful in conditions in which, 

- because of pathologic or functional changes, sympathetic 

` activity is excessive or inappropriate and detrimental to the 
‘patient. But there are also situations in which sympathetic 

- Stimulation is vital. For example, in patients with severely 

damaged hearts, adequate ventricular function is main- 
tained by virtue of sympathetic drive which should be pre- 

served. In the presence of AV block, beta blockade may 

- prevent the necessary facilitating effect of sympathetic ac- 
tivity on conduction. Beta blockade results in bronchial 

triction by interfering with adrenergic bronchodilator 

vity which should be preserved in patients subject to 





bronchospasm. —— 
-. The proper objective of beta blockade therapy is to de- 
crease adverse sympathetic stimulation but not to the 
degree that may impair necessary sympathetic support. 
_. Propranolol exerts its antiarrhythmic effects in concen- 
trations associated with beta-adrenergic blockade and this 
appe arto be its principal antiarrhythmic mechanism of 
ion. The membrane effect also plays a role, particularly, 

e authorities believe, in digitalis-induced arrhythmias. 
- Beta-adrenergic blockade is of unique importance in the 
management of arrhythmias due to increased levels of cir- 

Jating catecholamines or enhanced sensitivity of the 
eart to catecholamines (arrhythmias associated with pheo- 
 chromocytoma, thyrotoxicosis, exercise). 

.In dosages greater than required for beta blockade, 
_INDERAL also exerts a quinidine-like or anesthetic-like 
membrane action which affects the cardiac action potential 
and depresses cardiac function. 


INDICATIONS: 





N PATIENTS WITHOUT A HISTORY OF CARDIAC FAIL- 
URE, continued depression of the myocardium over a pe- 
riod of time can, in some cases, lead to cerdiac failure. In 
rare instances, this has been observed during INDERAL 
therapy. Therefore at the first sign or symptom of impending 
cardiac failure, patients should be fully digitalized and/or 
puen a diuretic, and the response observed HR a) if car- 

iac failure continues, despite adequate a pte ion and 
diuretic therapy, INDERAL therapy shoulc be immediately 
withdrawn; b) if tachyarrhythmia is being controlled, patients 
should be maintained on combined therapy and the patient 
closely followed unti! threat of cardiac fatture is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been 
reports of exacerbation of angina and, in some cases, 
REIS infarction, following abruptdiscontinuation 
of INDERAL therapy. Therefore, when d scontinuance of 
INDERAL is planned the do should »e gradually re- 
duced and the patient carefully monitorec. In addition, 
when INDERAL is prescribed for angina pectoris, the pa- 
tient should be cautioned against interruption or cessa- 
tion of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of 
angina occurs, it usually is advisable to reinstitute 
INDERAL therapy and tāke other measures appropriate 
for the management of unstable angina pectoris. Since 
coronary artery disease may be unrecognized, it may be 
prudent to follow the above advice in patients consid- 
ered at risk of having occult atherosclerotic heart dis- 
ease, who are given propranolol for other indications. 


IN PATIENTS WITH THYROTOXICOSIS, pcssible deleterious 
effects from long term use have not been adequately ap- 
praised. Special consideration should be given to pro- . 
pranotors potentia! for aggravating congestive heart failure. 
ropranolol may mask the clinical signs cf developing or 
continuing hyperthyroidism or complications and give a 
false impression of improvement. Therefore abrupt with- 
drawal of propranolol may be followed byan exacerbation 
of symptoms of hyperthyroidism, including thyroid storm. 
This is another reason for withdrawing prepranolo! slowly. 
Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYN- 
DROME, several cases have been reportec in which, after 
propranoiol. the tachycardia was replaced by a severe 

MUR requiring a demand pacemaker. In one case this 
resulted after an initial dose of 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that re- 
quire catecholamine release for maintenance of adequate 
cardiac function, beta blockade will impa'r the desired ino- 
tropic effect. Therefore, INDERAL should be titrated care- 
patient. fully when administered for arrhythmias occurring during 


igitalis intoxication anesthesia. 
yarr mias persist following IN PATIENTS UNDERGOING MAJOR SURGERY, beta 

gitalis and correction of electrolyte blockade impairs the ability of the heart to respond to reflex 
stimuli. For this reason, with the excepticn of pheochro- __ 
mocytoma, INDERAL should be withdrawn 48 hours prior to 
surgery, at which time all chemical and PSI CMIC effects 
are gone according to available evidence. ver, in case 
surgery, since INDERAL is a competitive in- 

n 








hmias 


l.) Supr ythmias 
j ~a "aroxysmal atrial tachycardias, particularly those ar- 
^ .rhythmias induced by catecholamines or digitalis or 











































Pre aps waa ipea 
of first choice. In 















^ 
14 
j ^ 
e 
L ^ 
2 X 
n | 









A 
i i 1 . FTN &", "os, ao 
$ 4 ; e J F - (* 


Z 


ENN « e jas Y ` boy : 3 £l. , s. t eh. 
^ P o nof Cd z «444 "m EQ A " P4 AG 4 é PA sS. ^ Wd EM W A i 
WAMA DL ucc: ors dl e MED AAR RD e ie La eS Oi 


i* w 





c HOS CL: 
rrhythmias, INDERALmay SPASM (e.g, CHRONIC BRONCHITIS, EMPHYSEMA), 
) abolish them. All general inhal- — INDERAL should be administered with caution since itmay 
. ation anesthetics produce sore degree of myocardial -block bronchodilation produced by endogenous andexog- _ 
_ depression. Therefore, when INDERAL is used to treat enous catecholamine stimulation of beta receptors. — 


Ks ie tio in bottles of 100 and 1,000. A 
of 100. 


. chloride in Water for Injection. 





h 


maximum recommended human dose. 


PRECAUTIONS: Patients receiving catecholamine Li gms 
dag such as reserpine should be closely observed if _ 
INDERAL is administered. The added catecholamine block- 
ing action of this drug may then produce an excessive re- 
duction of the resting sympathetic nervous activity. Occa- 
sionally, the qp ep iani diee may produce 
hypotension and/or marked bradycardia resulting in ver- 
tigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over pro odd periods, . 
laboratory parameters should be observed at regular inter- 
vals. The drug should be used with caution in patients with 
impaired renal or hepatic function. 


ADVERSE REACTIONS: Cardiovascular: bradycardia; con- 
gestive heart failure; intensification of AV block; hypoten- 
Sion; paresthesia of hands; arterial insufficiency, usually of . 
the Raynaud type; thrombocytopenic purpura. 

Central Nervous System: lí eadedness; mental depres- 
sion manifested by insomnia, lassitude, weakness, fatigue; 
reversible mental depression progressing to catatonia; vis- 
ual disturbances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and place, 
short term memory loss, emotional lability, slightly clouded 
sensorium, and decreased performance on neuropsy- 
chometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, 
abdominal cramping, diarrhea, constipation. 

Allergic: pharyngitis and agranulocytosis, erythematous 
rash, fever combined with aching and sore throat, laryngo- 
spasm and respiratory distress. 

Respiratory: bronchospasm. ; 

Hematologic: agranulocytosis, nonthrombocytopenic 
purpura, thrombocytopenic purpura. 

Miscellaneous: reversible alopecia. Oculomucocutaneous 
reactions involving the skin, serous membranes and con- 
piana reported for a beta blocker (practolol) have not 

n conclusively associated with propranolol. 

Clinical duh Test Findings: Elevated blood urea 
levels in patients with severe heart disease, elevated serum - 
transaminase, alkaline phosphatase, lactate dehydrogenase. 


DOSAGE AND ADMINISTRATION: - . 
i dosage range for INDERAL is different for each 
indication. 


RAL 

ARRHYTHMIAS — 10-30 mg three or four times daily, 
before meals and at bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS — 20-40 mg three 
or four times cally before meals and at bedtime. 

PHEOCHRO CYTOMA.— Preoperatively— 60 mg daily 
in divided doses for three days prior to Surgery, concomi- 
tantly with an ii odd 2 blocking agent. — Manage- 
ment of inoperable tumor— 30 mg daily in divided doses. 
PEDIATRIC DOSAGE i 

At this time the data on the use of the drug in thisage 
moup are too limited to permit adequate directions for use. 

TRAVENOUS 


Intravenous administration is reserved for life-threaten- 
ing arrhythmias or those occurring under anesthesia. The 
usual dose is from 1 to 3 mg administered under careful 
monitoring, e.g. electrocardiographic, central venous pres- 
sure. The rate of administration should not exceed 1 mg 
(1 ml) per minute to diminish the possibility of lowerin 
blood pressure and causing cardiac standstill. Sufficient 
time should be allowed for the drugto reach the site of action 
even when a slow circulation is present. If necessary, a sec- 
ond dose may be ven after two minutes. Thereafter, addi- 
tional drug should not be given in less than four hours. 
Additional INDERAL should not be given when the desired 
alteration in rate and/or rhythm is achieved. 

UL aga to oral therapy should be made as soon as 
possible. i 

The intravenous administration of INDERAL has not been 
evaluated adequately in the management of hypertensive 
emergencies. , 
OVERDOSAGE OR EXAGGERATED RESPONSE 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RE- 
ELE FOLLOWING MEASURES SHOULD BE 

BRADYCARDIA —ADMINISTER ATROPINE (0.25 to 
1.0 mg): IF THERE IS NO RESPONSE TO VAGAL BLOCKADE, 
ADMINISTER ISOPROTERENOL CAUTIOUSLY. 

CARDIAC FAILURE — DIGITALIZATION AND DIURETICS. 

HYPOTENSION —VASOPRESSORS £g, LEVARTERENOL 
OR EPINEPHRINE (THERE IS EVIDENCE THAT EPINEPH- 
RINE IS THE DRUG OF CHOICE.) | 

BRONCHOSPASM —ADMINISTER ISOPROTERENOL AND 


AMINOPHYLLINE. 
HOW SUPPLIED 
Vol Fcirochiorice) 
ropranolo rochior 
TABLETS jx 


No. 461 —Each scored tablet contains 10 mgar propra 
hydrochloride, in bottles of 100 and 1,000. Also in unit 


Near of 100. E^ . 
O. —Each scored tablet contains 40 


lol 
of propranolol 


ro so in unit dose 
Novae —bach scored tablet Shitais BO mawi ropranolol - 
Vo 408 de, in bottles of 100 and 1,000. Also In unit dose 
Pri 100. ' à 
NO S205 Each micantaind T me of lol hyd 
o. : —Each ml contains 1 mg o ranolol hydro- 
hloride | | ‘The pH is adjusted vith 
citric acid. Supplied as: 1 ml ampuls in boxes of 10. 
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Now, Quantitate AIS 
of Pulmonary Edema 


Instrumentation Laboratory 
Inc. announces the new IL186 
Weil Oncometer™ System for 
measurement of colloid os- 
motic pressure. 

Colloid osmotic pressure 
(COP): 

e Provides early data for 
iagnosis and treatment of 
pulmonary edema. : 
e Simplifies assessment of 
fluid balance/extent of 
cardiopulmonary failure. 
* Aids in prescribing form of 






8 inetrumoent ation i ai ; ^ l 
le ingtrumentatian Laboratory WeillOncometer System B 


with the 
New IL186 WEIL ONCOMETE 





œ Helps determine necessity 
. of costly albumin treatment, 
leading to substantial bud- 
. get savings and improved 
patient care. 
COP values are optimally 
used with pulmonary capillary 


. wedge pressure (PCWP), ob- 
tained with IL's flow-directed 
thermal dilution catheters. 
. Recent studies demonstrate 
.. a highly significant relation- 
- ship between low COP-PCWP 


difference (COP minus PCWP) 


.. and pulmonary edema.! 


The IL186 Weil Oncom- 


; eter™ System, the only 


commercially available instru- 
ment to measure COP, is rea- 
sonably priced and easy to 


- operate. COP in mmHg is dis- 


played in less than two min- 
utes from serum or plasma 
samples of only 3001. The 
IL702 Recorder provides con- 
venient record of changing 
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pressure, clearly showing equi- 
librium point and any 
interferences. 

For a demonstration of the 
new IL186 Weil Oncometer™ 
System, technical papers, 
literature or further informa- 
tion, contact your local IL 
Representative or call IL toll- 
free: 800 225-1481. 


1 Protasio L. da Luz, M.D. et al., "Pul- 
monary Edema Related to Changes in 
Colloid Osmotic and Pulmonary Artery 
Wedge Pressure in Patients after Acute 
Myocardial Infarction,” Circulation, Vol. 
51: February, 1975, p. 350-357, 
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Wiat yuu PeCumMenu tuuay - 
may change tomorrow. 


Time was, you could preselect a single pacing 
rate and feel relatively confident, in most cases, that 
the rate selected would remain physiologically 
adequate over the pulse generator's operating life. 

But as improved power cells have become 
available, and pacemaker longevity has been greatly 
extended, so is the likelihood for changes in patient 
physiology. Non-invasive rate programming offers a 
practical means to adjust the rate to meet individual 
needs. 

There are some situations where a rate- 
programmable pacemaker may be indicated at 
implant. For example, in patients with acute 
myocardial infarction (who are often decompen- 
sated), accurate rate selection may not be possible 
until weeks later. Certain cases of Sick Sinus 
Syndrome are other examples. 

However, there are many other cases where 
the benefits of rate programming may not be imme- 
diately obvious. As the years pass, some patients 
may develop angina that is not best controlled 
pharmacologically, or may undergo degeneration of 
the conduction system. In some patients with 





marginal cardiac output, the loss of the atrial contri- 
bution to the cardiac filling cycle may become 
physiologically significant. Rate programmability, in 
these cases, may provide improved patient 
management. 

Rate-programmable ventricular pacing may 
also be indicated for the suppression of ventricular 
extrasystoles, and in children where changing rate is 
a physiological requirement. 

In summary, rate programming offers you the 
flexibility to deal with future rate requirements. 
Because your patients' needs can change substantially 
with the passing years. The Prolith Rate- 
Programmable Lithium System, offering rates of 60, 
66, 72, 78, 84, 90, 96, and 102 ppm, lets your 
patients keep pace with tomorrow. For details, 
please contact Edwards Pacemaker Systems, P.O. 
Box 19554, 1923 S.E. Main Street, Irvine, CA 92713, 


Telephone 714/540-8161. 
Edwards 
Pacemaker 


™ 
Systems 
Division of American Hospital Supply Corporation 
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In continuous 
rheumatic fever 
prophylaxis, 
would you rather 
trust your patient? 











yourself? 


Injection penicillin G benzathine is recommended 
as the method of choice* to prevent streptococcal 
infection and possible recurrence of rheumatic 
fever. One reason is that just one injection of 
1,200,000 units, once a month, usually offers 
effective and continuous prophylaxis. So there’s 
no need to worry that your patient will forget to 
take a tablet every day. 


Mild to moderate group A streptococcal pharyn- 
gitis (without bacteremia) therapy is in your 
hands, too. Because a single injection (600,000 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. 
Indications: In treatment of infections due to penicillin G-sensitive micro- 
organisms susceptible to the low and very prolonged serum levels common to 
this dosage form. Therapy should be guided by bacteriological studies (including 
sensitivity tests) and clinical response. 

The following infections usually respond to adequate dosage of IM penicillin 
G benzathine. 
Streptococcal infections (Group A — without bacteremia). Mild to moderate upper 
respiratory infections (e.g., pharyngitis). 
Venereal infections — Syphilis, yaws, bejel, and pinta. 

Medical conditions in which penicillin G benzathine therapy is indicated as 
prophylaxis: 
Rheumatic fever and/or chorea — Prophylaxis with penicillin G benzathine has proven 
effective in preventing recurrence of these conditions. It has also been used as 
followup prophylactic therapy for rheumatic heart disease and acute glomeru- 
lonephritis. 
Contraindications: Previous hypersensitivity reaction to any penicillin. 
Warnings: Serious and occasionally fatal hypersensitivity (anaphylactoid) reactions 
have been reported. Anaphylaxis is more frequent following parenteral therapy but 
has occurred with oral penicillins. These reactions are more apt to occur in 
individuals with history of sensitivity to multiple allergens. Severe hypersensitivity 
reactions with cephalosporins have been well documented in patients with history 
of penicillin hypersensitivity. Before penicillin therapy, carefully inquire into pre- 


vious hypersensitivity to penicillins, cephalosporins and other allergens. If allergic 


reaction occurs, discontinue drug and treat with usual agents, e.g., pressor 
amines, antihistamines and corticosteroids. 

Precautions: Use cautiously in individuals with histories of significant allergies 
and/or asthma. 


INJ ECTION 
Bi 
sterile penicillin G 





benzathine suspension 


to 900,000 units in children and 1,200,000 units 
in adults) usually maintains serum concentrations 
for the ten days deemed necessary to eradicate 
the streptococci and preclude the initial onset 
of rheumatic fever.t 

You, more than anyone else, know the impor- 
tance of effective and continued rheumatic fever 
prophylaxis. So is there any question of whom 
you d rather trust? 


*Rheumatic Fever Committee of the Council on Rheumatic Fever 
and Congenital Heart Disease of the American Heart Association. 


Carefully avoid intravenous or intraarterial use, or injection into or near major 

saloon nerves or blood vessels, since such injection may produce neurovascular 
amage. 
tin streptococcal infections, therapy must be sufficient to eliminate the organism, 

otherwise the sequelae of streptococcal disease may occur. Take cultures following 
completion of treatment to determine whether streptococci have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of non-susceptible 
organisms including fungi. Take appropriate measures if superinfection occurs. 
Adverse Reactions: Hypersensitivity reactions reported are skin eruptions (maculo- 
papular to exfoliative dermatitis), urticaria and other serum sickness-like reactions, 
laryngeal edema and anaphylaxis. Fever and eosinophilia may frequently be only 
reaction observed. Hemolytic anemia, leucopenia, thrombocytopenia, neuropathy 
and nephropathy are infrequent and usually associated with high parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has been reported. 
Composition: (units penicillin G benzathine as active ingredient in aqueous sus- 
pension): 300,000 units per ml. — 10-ml. multi-dose vial. Each ml. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3 mg. povidone, 1 mg. carboxy- 
methylcellulose, 0.5 mg. sorbitan monopalmitate, 0.5 mg. polyoxyethylene 
sorbitan monopalmitate, 1.2 mg. methylparaben and 0.14 mg. propylparaben. 

wen units in 1-ml. TUBEX* (sterile cartridge-needle unit) Wyeth, packages 
of 10. 

900,000 units, 1.5-ml. fill in 2-ml. TUBEX, packages of 10. 

1,200,000 units in 2-m!. TUBEX, packages of 10, and in 2-ml. single-dose 
disposable syringe, package of 10. 

2,400,000 units in 4-ml. single-dose disposable syringe, packages of 10. 

Each TUBEX or disposable syringe also contains sodium citrate buffer and, as 
w/v, approximately 0.5% lecithin, 0.696 carboxymethylcellulose, 0.6% povidone, 
0.1% methylparaben and 0.01% propylparaben. 


Once-a-month 
rheumatic fever 
prophylaxis. 
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A (digoxin) 














0.125 mg 0.25 mg 0.5 mg 

yellow white green 

imprinted imprinted & scored imprinted & scored 
Complete literature available on request from Professional Services Dept. PML 
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The relation between myocardial release of prostaglandin and myocardial 
ischemia was studied in 12 selected patients with multivessel coronary 
artery disease. These 12 were chosen for analysis because they expe- 
rienced angina pectoris, ischemic electrocardiographic changes and 
decreased myocardial lactate uptake during atrial pacing. Simultaneous 
aortic and coronary sinus blood samples were obtained at rest, during 
angina and after recovery and were assayed for prostaglandins F, E and 
A with radioimmunoassay. Cardiac release of prostaglandin F was ob- 
served during angina in 11 of 12 patients. Aortic prostaglandin levels re- 
mained constant throughout each study. During angina, the mean aorto- 
venous difference (+ standard error) was —0.30 + 0.04 ng/ml (P « 0.001) 
for prostaglandin F and —0.10 + 0.03 ng/ml (P <0.001) for prostaglandin 
E. There was no significant release of prostaglandin A. Blood samples 
were also drawn at subanginal heart rates in two patients. Prostaglandin 
F was released only during angina. In three control patients with a chest 
pain syndrome and normal coronary arteries, comparable atrial pacing 
produced no release of prostaglandin F, E or A. These results, together 
with the known vascular and metabolic actions of prostaglandins, suggest 
that these pharmacologically active compounds may also play a physi- 
ologic role in the cardiac response to ischemia in man. 


In the normal circulation, coronary blood flow varies to meet myocardial 
oxygen demands. If local coronary flow fails to adjust to increased oxygen 
requirements, ischemia results.! The processes by which local coronary 
flow is regulated have been studied by examining the coronary sinus 
effluent for substances that may modulate the coronary vascular re- 
sponse to myocardial ischemia. Lactate?’ and potassium’ have been 
shown to be released from the myocardium during ischemia. The va- 
soactive compound adenosine? and components of the kallikrein system. 
(bradykinin) have also been identified in coronary venous blood and 
have been suggested as possible metabolic regulators of coronary blood 
flow. 
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The release of prostaglandins from tissues subjected 
to acute ischemia was first documented by McGiff et al." 
in the canine kidney. Under conditions of ischemia, 


- hypoxia or mechanical stimulation, prostaglandin re- 


lease from the heart has been observed in the isolated 
heart preparation?-!? and in the intact open chest ani- 


. mal.!^!5 Previous work in this laboratory! has dem- 
 onstrated release of prostaglandins E and F from the 


heart in the intact closed chest dog after acute coronary 
occlusion. 
These findings are intriguing because of the known 


.. vascular effects of the prostaglandins. Intracoronary 


administration of prostaglandin E or A produces in- 


- creased inotropy, chronotropy and coronary blood flow; 
_ intravenous administration results in a marked reduc- 
. tion in systemic vascular resistance and arterial pres- 
 sure.!7-?? [n contrast, prostaglandin F has little effect 


on coronary or systemic hemodynamics in conscious 


animals or man??-?? although it does increase systemic 
arterial pressure when infused intravenously in large 


doses in anesthetized dogs.?? 
Prostaglandins may be involved in the cardiovascular 


. response to ischemia; their exact role in coronary au- 
- toregulation is not known. This study was designed to 


document the presence or absence of prostaglandin 
release from the heart during verifiable myocardial 


ischemia in patients with coronary artery disease. 


Methods 


Patient Selection 


Atrial pacing for evaluation of myocardial lactate metab- 


. olism during ischemia is routinely performed during diag- 


-nostic cardiac catheterization in our laboratory. This protocol 
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was approved by the Yale University School of Medicine 


Human Investigation Committee, and all patients gave in- 
formed consent for participation. Twelve patients were se- 


- lected for inclusion in the study. The criteria for selection were 


TABLE! 
. Clinical and Metabolic Data 


Significant Coronary 
Arterial Lesion * 


CARDIAC PROSTAGLANDIN RELEASE DURING ATRIAL PACING—BERGER ET AL. = | 
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established to document the presence of myocardial ischemia 
during pacing. All 12 patients had angiographically docu- 
mented multivessel coronary artery disease with significant 
narrowing (more than 75 percent) of the luminal diameter of 
at least two major vessels. During atrial pacing, all 12 patients 
experienced characteristic anginal pain, associated with 
electrocardiographic changes consistent with myocardial 
ischemia (1 mm flat or downsloping S-T segment depression, 
0.08 mm in duration, in at least three consecutive beats). All 
patients demonstrated lactate production or a marked de- 
crease from resting lactate extraction, suggesting a shift to 
anaerobic metabolism (Table I). 

Ten patients were male and two female; their mean age was 
52 years. The mean resting supine blqod pressure (+ standard 
error) was 134/86 + 6/4 mm Hg. Four had a history of myo- 
cardial infarction. Five were receiving propranolol. The mean 
peak pacing rate achieved was 134 beats/min (range 90 to 
150). 

Control group: Three additional patients, evaluated for 
a chest pain syndrome, proved to have completely normal 
coronary arteriographic studies. The maximal heart rate 
achieved by atrial pacing in this group was equivalent to that 
in the experimental group (mean 150 beats/min, range 140 to 
160). Although these subjects did have mild chest pain, none 
demonstrated lactate production or electrocardiographic 
changes. They therefore constituted a control population. Two 
were male and one was female and their average age was 47 
years. They had a mean resting supine blood pressure of 
135/80 mm Hg. None of the three had had a myocardial in- 
farction or was receiving propranolol. 

Two of the patients with coronary disease (Cases 9 and 10) 
also were considered controls because blood samples drawn 
at heart rates preceding the onset of angina or electrocardio- 
graphic changes were assayed for prostaglandins. 


Pacing Protocol 


All patients were premedicated with diazepam (10 mg 
orally) before being taken to the cardiac catheterization lab- 
oratory. A no. 7F Zucker pacing catheter was positioned flu- 
oroscopically 2 cm beyond the orifice of the coronary sinus. 


Peak Atrial Pacing Lactate Uptake (%) 


Case Age (yr) Prior Receiving PGF (AO-CS)A 
no. & Sex MI RCA LAD LCF Propranolol STA HR Rest Pacing at Peak Pacing 
A. Patients With Angina 
1 64 M = = B + ao —1.5 150 +21 —23 —0.35 
2 47M — -— + + — —1.8 135 +14 —13 —0.18 
3 58M * * * + + —1.0 135 +8 —19 —0.50 
4 56 M — + + - -— —2.0 150 +10 —1 +0.01 
5 53M + + H + B —1.5 125 *11 —3 —0.35 
6 67 M ~ + E + B —1.5 145 *30 —10 —0.45 
7 42M — + + + — —2.5 150 +41 +6 —0.47 
8 52 F a EJ + + — —1.2 145 +27 —3 —0.32 
9 43 M + E * E + —1.5 90 +35 —12 —0.30 
10 50 M — * + — — —3.0 120 *37 +5 —0.21 

11 44 M + + + + + —2.0 110 +38 —26 —0.31 

12 51 F — — + + — —1.5 150 +40 —23 —0.21 
B. Patients With Atypical Chest Pain 

13 44M — — — — — 0 150 +25 +21 —0.01 

14 51M — -— = E -— 0 160 *26 *22 *0.03 

15 46 F — — — — — 0 140 *29 *33 *0.01 





* + = greater than 75 percent reduction in luminal diameter. 


"MUTET T$RCET 


(AO-CS)A = aortocoronary sinus difference; HR = heart rate; LAD = left anterior descending coronary artery; LCF = left circumflex coronary 


artery; MI = myocardial infarction; PGF = prostaglandin F concentration (ng/ml); RCA = right coronary artery; STA = S-T segment change 
(mm). | * 
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Its position was confirmed with injection of Renografin 769 
(sodium meglumine and diatrizoate). This catheter was used 
for coronary sinus sampling and atrial pacing. A no. 7 National 
Institutes of Health angiographic catheter was placed in the 
ascending aorta for sampling and pressure recording and 
connected through a fluid-filled system to a Statham P23DB 
transducer. The lead V5 electrocardiogram was monitored 
throughout and recorded with the pressure on an Electronics 
for Medicine DR8 multichannel recorder. 

Atropine (0.5 mg intravenously) was infused in all patients 
to prevent atrioventricular block. Pacing was then begun at 
a rate 10 beats/min greater than the control heart rate and was 
usually increased in increments of 10 beats/min each succes- 
sive minute. The end point for termination of pacing was chest 
pain described by the patient as similar to his usual anginal 
pain. Angiographic studies followed. 

Blood samples were drawn simultaneously from the coro- 
nary sinus and aorta at rest, during peak pacing (angina) and 
5 minutes after termination of pacing (recovery). Samples of 
2 ml were drawn for lactate determination and of 10 ml for 
prostaglandin assay; the order of sampling for lactate and 
prostaglandin was randomized. Immediately after withdrawal 
into plastic syringes, blood samples for prostaglandin analysis 
were transferred to heparinized tubes that were capped and 
stored on ice until completion of the catheterization proce- 
dure. Lactate samples were immediately transferred into iced 
perchloric acid for deproteinization and were stored on ice. 


Analytical Procedures 


Prostaglandins: At the conclusion of each patient study, 
all tubes were centrifuged at 1,000 g for 10 minutes. The 
plasma was decanted into scintillation vials that were sealed 
and stored in a freezer at —20? C. Hemolyzed samples were 
discarded; extreme care was taken to remove only plasma in 
the supernatant, leaving behind all formed blood elements 
including platelets. Assays were completed within 2 weeks of 
each pacing study. 

Plasma samples were assayed for prostaglandins F, E and 
A by radioimmunoassay, as standardized in this laboratory.?* 
Plasma samples of 2 ml were acidified mildly with 0.1 N hy- 
drochloric acid and extracted twice with 7 ml of ethyl acetate. 
Silicic acid column chromatography was used to separate the 
three major groups of prostaglandins. Values are expressed 
as major groups because chromatography does not permit 
differentiation of subgroups (for example, prostaglandins E, 
and E»). Various concentrations of methanol in benzene and 
ethyl acetate were used for elution. Antibodies were generated 
in rabbits by immunization, utilizing prostaglandin bound to 
bovine serum albumin; the full characterization of the anti- 
bodies used in this study has previously been reported.?* 
Charcoal-coated dextran in buffer was used to separate bound 
and unbound prostaglandin. All assays had at least 65 percent 
recovery efficiency. Variation within and between assays was 
less than 15 percent. All samples were assayed in duplicate but 
in different sample sizes; results are reported as the corrected 
means of the two values. The lower limit of sensitivity of the 
assay is approximately 0.1 ng/ml. 

Lactates: After deproteinization, samples were centrifuged 
at 1,000 g for 10 minutes. The plasma was decanted and fro- 
zen. Lactate was assayed enzymatically using the Boehrin- 
ger-Mannheim assay kit; spectrophotometric measurements 
were made at 366 nm.”° All samples were assayed in duplicate; 
results are reported as the mean of the values. The interassay 


. variation was less than 10 percent. The data are expressed as 


lactate uptake (percent): 100-(Ao — CS)/Ao, where Ao = aortic 
lactate concentration and CS - coronary sinus lactate con- 
centration. Greatly decreased lactate extraction (positive 


. value) or lactate production (negative value) is considered 
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abnormal and has been correlated with regional myocar diak 
ischemia.?? 

Statistical methods: Prostaglandin levels were expressed 
as the mean + standard error for aortic and coronary sinus 
samples. The paired ¢ test was used to analyze differences 
between aortic and coronary sinus values at rest, during angina 
and after recovery. Independent groups were compared with. 
Student's t test. A probability (P) value of less than 0.05 was 
taken as a significant difference. 


Results 


Prostaglandin F: At rest, before pacing, no differ- 
ence was discernible between aortic and coronary sinus 
prostaglandin F levels (P 20.05). During angina, S-T 
segment changes and lactate production (or markedly 
decreased extraction) suggesting myocardial ischemia, 
there was significant release of prostaglandin F. A 
myocardial aortovenous difference of —0.30 + 0.04 
ng/ml (P <0.001) was found. At recovery, coronary sinus 
prostaglandin F was still elevated above aortic levels. 
Throughout the pacing study, aortic levels were con- 
stant (Fig. 1). 

Release of prostaglandin F occurred in 11 of 12 pa- 
tients (Fig. 2). The response of the five patients re- 
ceiving propranolol was indistinguishable from that of 
the patients who did not receive propranolol (P 70.05). 
'The one patient (Case 4) who did not demonstrate 
prostaglandin F release was indistinguishable from the 
other patients by clinical or angiographic criteria. None 
of the three control patients with normal coronary ar- 
teries manifested prostaglandin release. 

In the study group, the mean lactate uptake was 
—10.2 percent, indicative of myocardial lactate pro- 
duction; in the control group, mean lactate uptake was 
+25.4 percent. Although in patients with multivessel 
coronary artery disease there is an association between 
lactate production (or markedly decreased extraction) 
and myocardial prostaglandin F release, a quantitative 
correlation between these two biochemical variables 
could not be established (Table I). At angina, seven of 
the patients with coronary artery disease had profound 
production of lactate, ranging from uptake of —10 to 
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FIGURE 1. Plasma prostaglandin F levels before, during and after atrial 
pacing in 12 patients with coronary artery disease. "Recovery" was 
5 minutes after conclusion of pacing. Statistical significance was de- 
termined by a paired f test. N = number; NS = not bir p= 
probability. 
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. 726 percent. Five patients had either moderate pro- 
- duction or diminished extraction. The mean prosta- 
. glandin F release was not different in these two groups 
- (P »0.05). In addition, there was no relation between 
the magnitude of prostaglandin F release and the extent 
or distribution of coronary arterial lesions, the depth of 
-S-T segment depression or the maximal heart rate 
achieved on pacing. 


Oo---0 NORMAL 


e—e CAD 


(ng/ml) 


PLASMA PROSTAGLANDIN F 





Aorta Coronary 
Sinus 


(at angina) 


FIGURE 2. Plasma prostaglandin F levels at peak pacing rate achieved 
in 12 patients with coronary artery disease (CAD) and in 3 patients with 
. normal coronary arteries. All patients in the first group had typical an- 
ginal pain, electrocardiographic changes consistent with ischemia and 
myocardial lactate production at peak pacing rate; control patients only 
- had mild chest pain. Mean prostaglandin F for the group of 12 patients 
_ is shown by the circled bars on either side of the panels; vertical bars 
_ represent standard errors. Statistical significance refers to paired 
- comparison of aortic and coronary sinus prostaglandin F levels in the 
. group of 12 patients. 


o € Potient 9 


e 
o 


$—2 AORTA ^ A Patient IO 


o---0 CORONARY Í ANGINA 
&2-~4 SINUS ^ | 
/ ANGINA 


PLASMA PROSTAGLANDIN F (ng/ml!) 
o o o o 
- no Oi A^ 


o 


60 70 80 90 100 110 120 


HEART RATE (beats /minute) 


FIGURE 3. Plasma prostaglandin F levels at rest and during atrial pacing 
in two patients (Cases 9 and 10). There was no cardiac release of 
prostaglandin F at subanginal heart rates. 





Two patients were studied at heart rates preceding 
the development of angina (Fig. 3). Aortic prostaglandin 
F levels were constant at all pacing rates. Neither pa- 
tient demonstrated release of prostaglandin F at rest. 
Patient 9 had no prostaglandin F release at a heart rate 
of 70 or 80 beats/min, but did manifest release when 
angina and S-T segment depression developed (heart 
rate 90 beats/min). Similarly, Patient 10 showed release 
of prostaglandin F at a heart rate producing angina (120 
beats/min), but not at a rate of 70, 80 or 100 beats/ 
min. 

Prostaglandins E and A: Release of prostaglandin 
E was not observed at rest or recovery. At the time of 
angina, there was a small but statistically significant 
aortovenous difference. Although this —0.10 + 0.03 
ng/ml difference was statistically significant, it was at 
the lower limit of sensitivity of the radioimmunoassay 
technique used (0.10 ng/ml) and therefore cannot be the 
basis for definitive conclusions. The trend shown (Fig. 
4) is similar to that for prostaglandin F, yet only 6 of the 
12 patients had aortocoronary sinus differences greater 
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FIGURE 4. Plasma prostaglandin E levels in 12 patients with coronary 
artery disease. Although statistically significant, the aortocoronary sinus 
difference at angina is too small an absolute difference on which to base 
conclusions (see text). Abbreviations as in Figure 1. 
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FIGURE 5. Plasma prostaglandin A levels in 12 patients with coronary 
artery disease. There was no release of prostaglandin A at any time. 
Abbreviations as in Figure 1. 
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than —0.10 ng/ml. Release of prostaglandin A was not 
observed at rest, during angina or after recovery (Fig. 
5). 

Discussion 

The study is the first to demonstrate release of 
prostaglandins from the human heart during myocar- 
dial ischemia. The usefulness of this finding as a diag- 
nostic test for coronary artery disease cannot be defined 
from these results. The patients were carefully chosen 
for inclusion in this protocol, all having transient 
myocardial ischemia documented with typical anginal 
symptoms, lactate abnormality and electrocardio- 
graphic changes. The release of prostaglandin F ap- 
peared to be a specific event occurring during myocar- 
dial ischemia. It was not shown at heart rates unac- 
companied by chest pain or significant S-T segment 
depression in two patients, and it did not occur in con- 
trol patients with angiographically normal coronary 
arteries subjected to the same pacing protocol. 

All patients in this study received diazepam and at- 
ropine, and five were also receiving propranolol. Al- 
though these agents conceivably could affect prosta- 
glandin metabolism, neither propranolol nor atropine 
has been found to alter the hemodynamic response to 
prostaglandins.!7-!? Furthermore, the lack of prosta- 
glandin release in the normal control patients casts 
doubt on any direct effect of diazepam or atropine on 
prostaglandin release. 

The levels of prostaglandins found in our study are 
comparable with, although not identical to, those pre- 
viously reported for radioimmunoassay.?9 Others have 
presented venous concentrations, which are not neces- 
sarily interchangeable with either coronary sinus or 
aortic levels. In general, the radioimmunoassay tech- 
nique yields prostaglandin levels higher than those 
observed using mass spectroscopy.” This finding has 
been frequently reported, but the reasons for the dif- 
ference are not readily apparent. The uses and limita- 
tions of the radioimmunoassay employed have been 
described in detail.”4 

Previous experimental data on prostaglandins: 
The physiologic importance of these findings is un- 
derscored by previous experimental data suggesting 
that prostaglandins may modulate vasomotor auto- 
regulation of the kidney,?? brain?? and uteroplacental 
bed.?? Some studies!??'?? have suggested that prosta- 
glandins also are involved in metabolic autoregulation 
of coronary blood flow, whereas others! 123334 have not 
supported this finding. This issue is clouded by species 
variations and by differences in experimental prepa- 
rations. 

In this investigation, release of prostaglandin F was 
the dominant finding during ischemia. However, studies 
from this laboratory have demonstrated comparable 
release of prostaglandins E and F during acute coronary 
occlusion in the closed chest dog. Prostaglandin F 
originated only from the ischemic zone, not from adja- 


cent nonischemic zones of myocardium.!6 The more 
-~ pronounced release of prostaglandin F than of prosta- 
-~ glandin E during ischemia in man may reflect a species 
- . difference relative to the animal study or to the more 
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severe impact of acute coronary occlusion in the ex- 4 


perimental preparation. 


Prostaglandin F and myocardial response to : 
ischemia: Although prostaglandin F has few direct — 
hemodynamic effects, it still may influence the myo- - 


cardial response to ischemic injury. In a study of ex- 


perimental myocardial infarction, administration of 


prostaglandin F increased survival time after coronary 
occlusion, decreased release of creatine kinase into 


plasma and prevented cardiac lysosomal enzyme lib- - 


eration.??96 Reports have implicated cardiac lysosomal 


hydrolases in the progression of myocardial ischemia 
and in the development of collateral blood flow.?? Sta- - 
bilization of lysosomes by a locally synthesized agent, - 
such as prostaglandin F, may maintain myocardial 


perfusion and cellular viability and may prove to be a 


significant homeostatic mechanism. Furthermore, re- - 
cent studies from this laboratory?? showed that in- — 
domethacin, which inhibits prostaglandin biosynthesis, - 
decreased myocardial blood flow in the ischemic zone - 
and increased epicardial S- T segment elevation during - 
acute coronary occlusion in the dog. These findings - 
suggest that prostaglandins may have a beneficial role 


in regional myocardial ischemia. 


The precise site of prostaglandin synthesis and re- 
lease from the heart is not known. Local tissue action | 


is characteristic of the prostaglandins because of their 


rapid clearance from the circulation by the lung and — 
liver. Both prostaglandins E and F are at least 90 per- | 


cent inactivated during a single passage through these 


organs in the dog and cat.??/^ In contrast, prostaglandin - 
A is not appreciably metabolized in the pulmonary or > 
hepatic circulations.??! Myocardial prostaglandin — 


synthetase has been isolated from the canine left ven- 
tricle.^? In addition, synthesis of prostaglandins has 
been shown from tissue cultures of human vascular 
smooth muscle.^4? 


Prostaglandin release versus myocardial lactate | 
production: The lack of a correlation between prosta- | 
glandin F release and lactate production is not sur- | 
prising. Lactate is supplied to the myocardium as a 
substrate in arterial blood, extracted by normal myo- - 
cardium and produced by the myocardium in the — 
presence of ischemia and anaerobic metabolism. The | 
net result is an algebraic summation producing the — 
aortovenous difference.?? The kinetics of lactate uptake - 
and release are modified by coronary blood flow, which - 
was not measured in this study. However, lactate pro- - 
duction or decreased extraction has been considered a | 


reliable indicator of regional myocardial ischemia, 


especially if considered together with S- T segment de- 


pression and anginal pain.? Prostaglandin F, on the - 
other hand, is present only minimally in arterial blood | 


and probably does not serve a systemic role. 


Clinical iraplication: The association between car- 


diac release of prostaglandin F and regional myocardial - 
ischemia in man suggests that this pharmacologically | 
potent substance may also play a physiologic role in the © 
cardiac response to ischemia. However, the presence of _ 
prostaglandin release in this pathophysiologic circum- - 
stance does not confirm a causal relation. Prostaglan- 
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dins may arise from myocardial cells as a direct response 
—. to ischemia or from coronary vascular smooth muscle 


cells as they become involved in compensatory vasodi- 


. latation. In contrast, they could initiate a compensatory 
. hemodynamic or metabolic response after release. 


Definition of the precise mechanisms involved will re- 
quire further study. 
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Characteristics of Ventricular Tachycardia in 


This study analyzes 94 episodes of ventricular tachycardia recorded - 
in the ambulatory electrocardiograms of 23 patients with stable cardiac - 
disease. The episodes were asymptomatic in 19 patients, and only one ; 
episode resulted in ventricular fibrillation. Eighty-five percent of the epi- 
sodes occurred when the underlying heart rate was less than 100 
beats/min, and 17 percent occurred during sleep. The rate of the ven- 
tricular tachycardia was between 120 and 180 beats/min in 78 percent 
of the episodes and showed a modest correlation with the underlying heart 
rate (r = 0.59, P <0.001). Only 14 of the 94 episodes were initiated by 
R on T premature ventricular contractions, and the mean prematurity index 
(+ standard deviation) (R-R'/Q-T) for all episodes was 1.31 + 0.28. 
Episodes of ventricular tachycardia recorded during ambulatory elec- 
trocardiographic monitoring are usually self-limited and asymptomatic. 
They occur during ordinary nonexertional activity and are frequently ini- 
tiated by late coupled premature ventricular contractions. 


Sudden cardiac death results largely from the consequences of ventric- 
ular fibrillation.! Because ventricular tachycardia is a cardiac rhythm 
capable of degenerating into ventricular fibrillation, its discovery in the 
electrocardiogram causes concern. Its life-threatening potential among 
patients with acute myocardial infarction is established. In that setting, 
it occurs more often among patients with frequent or paired premature 
ventricular contractions or with accelerated idioventricular rhythm.? 
Although many authors?^ believe that when ventricular tachycardia | 
occurs during acute infarction it is associated with premature ventricular 
contractions that interrupt the 'T wave (R on T phenomenon), the recent 
study of DeSoyza et al.? does not confirm this association. 

The significance and electrocardiographic characteristics of ventric- 
ular tachycardia occurring in ambulatory patients with or without heart 
disease are less well described. Bleifer et al. analyzed 783 ambulatory 
electrocardiographic tapes and found that episodes of ventricular 
tachycardia did not occur in tapes showing only the R on T phenomenon 
but occurred more often in tapes with frequent, paired or multifocal 
premature ventricular contractions than in tapes without such events. 
Except for the observation of Kleiger et al. that only 1 of 19 episodes 
of ventricular tachycardia was initiated by the R on T phenomenon, 
there are no data on the electrocardiographic characteristics of ven- 
tricular tachycardia in the ambulatory patient. This study analyzes 
ventricular tachycardia occurring in ambulatory cardiac patients in 
relatively stable condition with regard to the patients’ symptoms, pre- - 
maturity of the initiating beat, heart rate and activity before the onset 


of the episode and the duration and rate of the ventricular tachycar- 
dia. 
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_ FIGURE 1. Distribution of the number of beats in each episode of 
_ ventricular tachycardia (VT). 
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FIGURE 2. Typical three beat paroxysm of ventricular tachycardia 
— _ beginning immediately after the T wave. More than half of the episodes 
S of ventricular tachycardia were three beat paroxysms. 


Methods 


Twenty-three patients, 16 men and 7 women, evaluated at 
Stanford University Medical Center were studied. Each pa- 
tient had at least one ambulatory electrocardiographic re- 
cording containing an episode of ventricular tachycardia, 
defined as three or more consecutive beats of apparent ven- 
tricular origin. The underlying heart disease was coronary 
artery disease in eight patients, mitral valve prolapse and 
idiopathic hypertrophic subaortic stenosis in five patients 
each, cardiomyopathy and apparently normal heart in two 
patients each and rheumatic heart disease in one patient. 

The ambulatory electrocardiographic recordings were 
performed for a variety of research and clinical reasons, and 
some patients had several recordings demonstrating ven- 


TABLE I 


NUMBER OF EPISODES OF VT 
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FIGURE 3. Distribution of the rates of ventricular tachycardia (VT) during 
each episode. 


tricular tachycardia. The tapes were either 12 or 24 hour re- 
cordings, made using a single channel Avionics recorder and 
a modified V, or V; lead system. During each recording, the 
patients were ambulatory and carried out normal daily ac- 
tivities. These activities, as well as any medications taken and 
symptoms noted, were recorded in a patient diary. The tapes 
were analyzed using the Stanford ambulatory electrocardio- 
graphic system described previously.?? 

For each episode of ventricular tachycardia, the following 
measurements were made by manual analysis of the rhythm 
strips: heart rate before the onset of the episode, heart rate 
immediately after the episode, the R-R interval of the heart- 
beat immediately preceding the episode, the coupling interval 
(R-R’) of the initial beat of the episode, the Q-T interval of the 
preceding sinus beat, and the number of beats and average 
heart rate of each episode. The prematurity index of the beat 
initiating each episode of ventricular tachycardia was defined 
as R-R’/Q-T, and the vulnerability index as (preceding R-R 
X Q-T)/R-R'. These data were analyzed for the group as a 
whole and for subgroups, classified according to antiar- 
rhythmic therapy at the time of the recording. Statistical 
analysis of these subgroups was performed using a two-tailed 
t test. T'o evaluate the possibility that the patients with more 
episodes of ventricular tachycardia excessively weighted the 


Characteristics of Ventricular Tachycardia (VT) by Medication Subgroup 
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Medication Averages 
Quinidine With Per Per 
Digitalis qnn ee Bia Patient 
None Preparation Propranolol  Quinidine Procainamide Propranolol Procainamide (no. = 94) (no. = 23) 


a E a i i dM I 


_ Episodes (no.) 20 13 29 3 12 15 2 
— Patients (no.)* 8 4 7 3 3 1 1 
Heart rate before VT 87 78 77 86 83 85 124 83 80 
(beats/min) t +15 + 10 + 22 + 25 + 7.3 +11 + 20 +17 +18 
Rate of VT 148 148 147 125 152 151 157 148 146 
(beats/min) t + 28 + 29 + 34 + 27 +13 +7.4 * 9.9 * 26 * 32 
— Prematurity index 1.20 1.39 1.41 1:277 1.38 1.19 1.00 1:34 1.36 
(R-R'/QT)f * 0.25 * 0.44 + 0.27 + 0.25 * 0.19 * 0.10 +0 + 0.28 + 0.29 
Vulnerability index 0.69 0.60 0.67 0.59 0.54 0.61 0.48 0.63 0.64 
(eet + 0.19 + 0.16 + 0.29 + 0.15 + 0.11 + 0.07 + 0.08 + 0.21 + 0.20 





* Some patients had more than one recording demonstrating ventricular tachycardia and were taking different medications during each record- 


in 
T Maan + standard deviation. 
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data, an average value for rate of ventricular tachycardia, 
underlying heart rate before ventricular tachycardia, coupling 
interval and vulnerability index was obtained for each patient. 
From these data, an average value per patient for each variable 
was computed. 

Results 


The 23 patients had 94 episodes of ventricular 
tachycardia recorded during a total of 482 hours of 
ambulatory electrocardiographic monitoring. The 
number of episodes of ventricular tachycardia per pa- 
tient ranged from 1 to 35. 

Duration and rate of the ventricular tachycardia: 
Figure 1 summarizes the number of beats of each epi- 
sode of ventricular tachycardia. The arrhythmia ter- 
minated spontaneously in 93 of 94 instances, and 46 of 
the episodes were of only 3 beats’ duration (Fig. 2). Only 
two episodes were relatively sustained, one lasting for 
2.400 beats and the other degenerating into ventricular 
fibrillation. The rate of the ventricular tachycardia 
averaged 148 + 26 beats (standard deviation)/min 
(range 81 to 222); in 73 of the 94 episodes (78 percent) 
it ranged between 120 and 180 beats/min (Fig. 3). The 
rate of the tachycardia showed a modest correlation 
with the underlying heart rate, faster rates of tachy- 
cardia occurring at faster underlying sinus rates (Fig. 
4) (r = 0.59, P <0.001). The rate of the tachycardia was 
not affected by cardiac medication (Table I). 
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FIGURE 4. Relation of the rate of each episode of ventricular tachy- 
cardia (VT) to the underlying heart rate before the episode. 
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Relation of ventricular tachycardia to symptoms 
and activity: Only four patients were symptomatic at 
the time of occurrence of the ventricular tachycardia. 
One patient with coronary artery disease experienced 
palpitation with several brief runs of ventricular 
tachycardia and had angina pectoris during a 2,400 beat 
episode. Another patient with coronary disease had a 
three beat paroxysm recorded during an episode of 
angina, and a patient with an apparently normal heart 
experienced presyncope during a five beat paroxysm of 
ventricular tachycardia. The patient whose episode 
terminated in ventricular fibrillation and sudden death 
had severe coronary artery disease and had had a 
myocardial infarction 1 month earlier. 

Analysis of the heart rate at the time of occurrence 
of ventricular tachycardia indicates that the majority 
of episodes occurred at a normal heart rate. ‘The average 
heart rate before the onset of ventricular tachycardia 
was 83 + 17 beats/min (range 47 to 133), and 80 of the 
94 episodes (85 percent) occurred while the heart rate 
was less than 100 beats/min (Fig. 5). Only three episodes 
occurred at a sinus rate of less than 60 beats/min. When 
the episodes were analyzed according to the cardiac 
medication taken, the patients taking digitalis prepa- 
rations and propranolol had a slower heart rate before 
the onset of ventricular tachycardia (78 + 10 [P «0.07] 
and 77 + 22 [P «0.08], respectively) than patients tak- 
ing other preparations or no medication. There was 
usually no change in heart rate after the episode of 
ventricular tachycardia. 

The majority of the episodes of ventricular tachy- 
cardia occurred while the patient was going about ev- 
eryday activities such as sitting or eating. Sixteen (17 
percent) of the episodes occurred during sleep. The 
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FIGURE 5. Distribution of heart rates before each episode of ventricula 
tachycardia (VT). 
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; FIGURE 6. Distribution of prematurity indexes for the episodes of 
ventricular tachycardia (VT). 
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prematurity index for all episodes of ventricular 
tachycardia was 1.31 + 0.28 (range 0.8 to 2.1); 80 of the 
94 episodes (85 percent) were associated with values 
- greater than 1.0 (Fig. 6). These data indicate that the 
majority of episodes of ventricular tachycardia in the 
ambulatory patient are not initiated by the R on T 
phenomenon (Fig. 7 and 8). Analysis according to 
. medication subgroup (Table I) indicated that the pre- 
maturity index tended to be longer for patients taking 
digitalis, procainamide and propranolol than for pa- 
tients receiving no medication; however, this trend 
achieved statistical significance only for propranolol (P 
0.01). 

— The vulnerability index, which takes into account the 
R-R interval of the beat preceding the onset of the 
ventricular tachycardia, was 0.63 + 0.21 for the group 
A a whole (range 0.29 to 1.82) and was not significantly 
different when analyzed according to medication 
subgroup (Table I). Ninety-two of the 94 episodes were 
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achycardia in the same patient. The upper strip demonstrates a seven 
eat paroxysm initiated by a late coupled premature ventricular con- 


à 


traction resulting in a fusion beat. Alternatively, but less likely, this 


corded later in the same tape, shows a similar episode initiated by a 
premature beat falling well away from the T wave. — 
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pisode could represent the R on T phenomenon. The lower strip, re- - 
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FIGURE 8. An eight-beat paroxysm of ventricular tachycardia with late 
diastolic coupling of the initial beat. 
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FIGURE 9. Distribution of the vulnerability indexes for the episodes of 
ventricular tachycardia (VT). 


associated with a vulnerability index of less than 1.1 
(Fig. 9). 

Data analysis by patient: The average values of 
heart rate before ventricular tachycardia, rate of ven- 
tricular tachycardia, prematurity index and vulnera- 
bility index are summarized in Table II as averages per 
episode and averages per patient. The values for each 
are similar, suggesting that those patients with the 
largest number of episodes of ventricular tachycardia 
are not excessively weighting the data when the findings 
are averaged per episode. This lack of influence prob- 
ably results from the wide range of intrasubject vari- 
ability observed for these variables among the patients 
with multiple episodes of ventricular tachycardia. 

Other arrhythmias: Table II lists other arrhythmias 
recorded in the ambulatory electrocardiograms in these 
patients. Generally, these tapes contained frequent 
multiform ventricular ectopic beats manifested as bi- 
geminy and pairs. Six patients (23 percent) had only 


TABLE II 


Arrhythmias Other Than Ventricular Tachycardia Recorded 
in the Ambulatory Electrocardiograms 











Patients 
(no.) 
Bigeminy 12 
Paired PVCs 16 
Multiform PVCs 14 
PVC frequency (peak number 
in any 15 minute period): 
0—1 3 
21-10 3 
710—100 6 
7100—1000 . | Lo YT 
PVCs - premature ventricular contractions. . 
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infrequent premature ventricular beats (less than 10 
peak/15 min). | 

Follow-up: Three patients died during an average 
9.5 month (1 day to 19 months) follow-up period. One 
died suddenly during the recording, one died suddenly 
19 months after the ventricular tachycardia was re- 
corded and one died of a noncardiac cause. Two patients 
with cardiomyopathy underwent cardiac transplanta- 
tion for severe heart failure. 


Discussion 


Our study documents that the majority of episodes 
of ventricular tachycardia in ambulatory patients are 
not initiated by the R on T phenomenon. Only 14 of 94 
episodes (15 percent) were associated with a prematu- 
rity index of less than 1.0, the value indicating R on T. 
Our data do not permit conclusions about the relative 
likelihood of early and late coupled ventricular ectopic 
beats initiating ventricular tachycardia because the 
total number of early and late coupled premature ven- 
tricular beats in these tapes is unknown. Perhaps per- 
tinent to this point is the finding of Bleifer et al.” that 
the R on T phenomenon by itself in an ambulatory 
electrocardiogram is not associated with the occurrence 
of ventricular tachycardia, suggesting that the prema- 
turity of ventricular ectopic beats in ambulatory pa- 
tients may be less important than previously as- 
sumed.?.? These observations do not preclude the 
possibility that in ambulatory patients fatal, and hence 
usually unrecorded, episodes of ventricular tachycardia 
or fibrillation are initiated primarily by the R on T 
phenomenon. 

Early versus late ventricular ectopic beats and 
ventricular tachycardia: The mean prematurity 
index of 1.31 + 0.28 for episodes of ventricular tachy- 
cardia in our ambulatory patients with cardiac disease 


is slightly less than the value of 1.52 found by DeSoyza - 


et al.? after myocardial infarction. In that study, only 
12 percent of the episodes were initiated by the R on T 
phenomenon. Lie et al.!! found that many episodes of 
primary ventricular fibrillation after myocardial in- 
farction were initiated by late coupled premature ven- 
tricular contractions. An association between relatively 
long coupling intervals and the onset of ventricular 
tachycardia was reported by Kleiger et al.° on the basis 
of ambulatory electrocardiographic monitoring in 
postinfarction patients. Williams et al.!? evaluated the 
initiation of ventricular tachycardia and fibrillation by 
ectopic beats in anesthetized open chest dogs with 
myocardial ischemia. They concluded that the malig- 
nancy of the ventricular ectopic beat is primarily related 
not to the portion of the cardiac cycle in which it falls, 
but to underlying alterations of activation in the isch- 
emic epicardium. They observed that premature beats 
falling late in diastole were consistently able to initiate 
ventricular tachycardia and that ventricular tachycardia 
was more likely to progress to ventricular fibrillation 
when there was increasing ventricular activation time 
of successive beats of ventricular tachycardia. These 
studies all suggest that a large number of potentially 


serious ventricular arrhythmias are initiated by pre- 
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mature ventricular contractions that do not interrupt 
the T wave. 
Vulnerability index: Han and Goel* proposed the 
vulnerability index because of an observed relation 
between a long preceding cycle and the likelihood of 
ventricular tachycardia induced by a ventricular ectopic 
beat. This index is expressed as the ratio of the product 
of the basic Q- T interval and preceding cycle length to 
the coupling interval. In their experience, ventricular. 
tachycardia was likely at a vulnerability index of 1.1 to 
1.4, and ventricular fibrillation at values over 1.4. In our. 
study, most episodes of ventricular tachycardia occurred 
when the vulnerability index was less than 0.9, and only 
two episodes were associated with a value greater than 
1.1. Thus, in ambulatory patients most episodes of 
ventricular tachycardia are not associated with a high 
vulnerability index. As with the coupling interval, our 
data do not permit conclusions concerning the relative 
likelihood of premature ventricular beats with a vul- 
nerability index above or below 1.1 in initiating ven- 
tricular tachycardia, because we do not know the vul- 
nerability index of all such beats on these tapes. 
Relation to patient's activity: The occurrence of 
most episodes of ventricular tachycardia at a time when 
the heart rate and the patient's diary suggested only a 
modest level of exercise suggests that ventricular 
tachycardia in ambulatory patients is generally not 
precipitated by exercise. This may explain why so few 
of these episodes terminate in ventricular fibrillation. 
Our data suggest that episodes occurring when the 
underlying heart rate is increased, as during exercise, 
may be associated with more rapid ventricular tachy- 
cardia. This faster ventricular rate may result in less 
efficient pump activity during the episode. Episodes 
that occur during exercise may also be more likely to 
degenerate into ventricular fibrillation because of the 
simultaneous occurrence of ischemia and increased 
levels of circulating catecholamines. | 
Our data support the finding of Bleifer et al.° that 
tapes that recorded tachycardia showed a large inci- 
dence of frequent, multiform and paired premature 
ventricular beats. The asymptomatic status of 19 of our 
23 patients is also similar to the status of patients in 
their study, in which only 5 of 58 patients noted symp- 
toms at the time of their ventricular tachycardia. 
Incidence during sleep: In our study, 16 (17 per- 
cent) of the episodes occurred during sleep. The true 
incidence of ventricular tachycardia during sleep may 
be somewhat greater than our study suggests because 
many of our recordings were only 12 hours in duration 
and did not include periods of sleep. Lown and Wolf!” 
initially suggested that many malignant arrhythmias 
occur during sleep but subsequently concluded!‘ that 
such arrhythmias disappear during sleep because they 
recorded only two episodes of ventricular tachycardia 
during sleep in 69 24 hour recordings containing ven- 
tricular arrhythmias. Our overall experience with am- 
bulatory electrocardiographic monitoring is that sleep 
suppresses ventricular arrhythmias in many patients, 
but that some patients manifest marked ectopic activity 
and ventricular tachycardia during sleep. | 
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Effect of antiarrhythmic medication: The variety 
of cardiac diagnoses and administration of antiar- 


. rhythmic drugs may limit the interpretation of our data. 
. However, more than one third of the episodes of ven- 
_ tricular tachycardia occurred while patients were taking 


no medication or digitalis alone. Additionally, there 


. were no major differences in the characteristics of the 


episodes of ventricular tachycardia when analyzed ac- 
cording to antiarrhythmic medication subgroup. Our 
clinical experience indicates that brief self-limited ep- 


_ isodes of ventricular tachycardia not initiated by the R 
.on T phenomenon are occasionally encountered in 
ambulatory electrocardiograms, primarily in patients 
. with frequent premature ventricular contractions, re- 
- gardless of cardiac diagnosis or medication taken. The 
_ fact that approximately 50 percent of these episodes are 
. of only three beats’ duration may suggest that this 


current definition of ventricular tachycardia is too lib- 
eral and that the term should be reserved only for those 


episodes persisting beyond three beats. 


Prognosis: The prognostic significance of ventricular 
tachycardia in the ambulatory electrocardiogram is 


uncertain. Hinkle et al.!? found no deaths over a 5 year 
_ period among nine patients with ventricular tachycardia 
. recorded in an ambulatory electrocardiogram; however, 


. eight of the nine had no evidence of heart disease. 
. Hinkle et al. postulated that many patients must ex- 
. perience thousands of episodes of nonfatal ventricular 
_ tachycardia over the course of several years. Most 


studies correlating ventricular arrhythmias in ambu- 
latory electrocardiograms with sudden death in the 
postmyocardial infarction period have had too few pa- 
tients with ventricular tachycardia to reach any statis- 
tical conclusions.!6 Our data are presented to provide 
insights into the characteristics of ventricular tachy- 
cardia occurring in ambulatory patients and do not in- 
dicate the long-term prognostic significance of this 
rhythm disturbance. However, the vast majority of 
these episodes are self-limited, and the spontaneous 
cessation of most of the episodes in our patients may be 
related to several factors. These include (1) use of an- 
tiarrhythmic medications; (2) more homogeneous 
temporal dispersion of the impulse in the absence of 
acute ischemia; (3) relatively little effect of the ar- 
rhythmia on coronary perfusion, in view of lack of 
symptoms and lack of increase in heart rate after the 
episode; (4) absence of coronary disease in many pa- 
tients; (5) the natural preselection process, permitting 
ambulatory electrocardiographic recording only in those 
patients with nonfatal episodes; or, perhaps, (6) the fact 
that this rhythm, when detected in the ambulatory 
electrocardiogram not in the acute setting, may not al- 
ways be as malignant as is generally assumed. 
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Maximal treadmill exercise tests were performed by 586 male members 
of the Indiana State Police Force who were free of clinical evidence of 
cardiovascular disease. The study population was categorized into groups 
according to cigarette smoking experience and subgroups according to 
age and number of pack-years of exposure. There were 176 nonsmokers 
(30 percent), 268 current smokers (46 percent) and 142 former smokers 
who had abstained for at least 1 year (24 percent). No statistically sig- 
nificant differences were found in the prevalence of exercise-induced 
ventricular premature complexes when current smokers were compared 
with nonsmokers or former smokers either as a group or as subgroups 
classified by age. | | 

The duration of maximal exercise and the peak heart rate and systolic 
blood pressure during maximal exercise were compared for each group. 
The duration of maximal exercise was significantly shorter in smokers 
(P «0.001) and former smokers (P «0.005) than in nonsmokers. Maximal 
systolic blood pressure during exercise was greater in smokers than in 
nonsmokers (P <0.01) but did not differ significantly between nonsmokers 
and former smokers. Maximal heart rate during exercise was significantly 
lower in smokers (P «0.001) and former smokers (P «0.01) than in 
nonsmokers. 

In conclusion, there was a statistically significant difference in the 
duration of exercise and the maximal heart rate and systolic blood pres- 
sure attained during exercise between men who smoked and nonsmokers, 
but the prevalence of exercise-induced ventricular premature complexes 
did not appear to be influenced by smoking habits. 


The cardiovascular effects of smoking have been the subject of much 
investigation. Nicotine causes a systemic release of catecholamines and 
has a direct effect on adrenergic nerve endings resulting in an accelera- 
tion of the heart rate and increase in blood pressure.! Cardiac arrhyth- 
mias are associated with acute nicotine intoxication.! The quantities of 
nicotine absorbed through the respiratory tract and oral mucosa during 
inhalation of tobacco smoke are sufficient to cause systemic cardiovas- 
cular effects.! The inhalation of tobacco smoke also causes appreciable 
levels of blood carboxyhemoglobin. The resultant reduction in oxygen- 
carrying capacity can lead to a relative hypoxia with cardiovascular ef- 
fects equivalent to those found in hypobaric hypoxia.? 

In light of the recently reported high prevalence rate of exercise- 
induced ventricular premature complexes in the normal population, ?* 
a comparative study of exercise-induced ventricular premature com- 
plexes in cigarette smokers and nonsmokers seemed warranted. A group 
of 586 clinically normal men who underwent maximal treadmill exercise 
testing formed the basis of our study. The prevalence of exercise-induced 
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bo 

E TABLE | 

E Definition of Groups of Men by Cigarette Smoking Habits 
E | . Men 

Ja: Pack-Years 

4 Group (no.) no. 96 
— Nonsmokers (N-SM) 0 176 30.0 
Current smokers (C-1) <10 53 9.0 
_ Current smokers (C-2) 11—20 100 17.1 
E: Current smokers (C-3) 221 115 19.6 
. Former smokers* (F-1) «10 58 9.9 
E. Former smokers (F-2) 11—20 42 7.2 
_ Former smokers (F-3) 221 42 7.2 
.. Total 586 100.0 
wy - ! 
E * Former smokers are those abstaining 1 year or longer. 

3 

- ventricular premature complexes was determined for 
» the smokers and nonsmokers and a comparative study 
. was made of other cardiovascular variables including 
_ maximal exercise heart rate and systolic blood pressure, 
p duration of exercise and magnitude of S-T segment 
i . depression. 

d: Material and Methods 











E Subjects studied: Seven hundred male members of the 


_ Indiana State Police Force between the ages of 28 and 58 years 
K underwent self-determined maximal treadmill exercise testing 


between 1971 and 1973 as part of an ongoing cardiovascular 


. evaluation program being conducted at the Indiana University 
- Medical Center. Before each exercise test a complete history 


. was obtained and a physical examination carried out.3-4 Sev- 


enty-eight men (11.1 percent) were found to have cardiac 
disease or hypertension (resting blood pressure of 150/96 mm 
Hg or greater) and were eliminated from the study. Men who 


. had an abnormal S-T segment response to exercise but were 


- otherwise free of evidence of cardiovascular disease were not 


d 
b 


- excluded. All subjects had normal ST-T segments in the 12 
- lead electrocardiogram obtained at rest. 


_ ‘Thirty-six men who had discontinued smoking less than 1 
year before testing were eliminated from consideration be- 
cause of their relative small numbers. Thus the maximal 
treadmill exercise data from 586 men were utilized. For the 

ventricular arrhythmia portion of the study the men were 


A detailed cigarette smoking history was elicited before 
treadmill testing and each subject was assigned to either a 
nonsmoking or smoking group. Men in the smoking group 
were categorized as current or former smokers (the latter had 
abstained from smoking for at least 1 year). Men classified as 
current or former smokers were further classified according 
to the number of pack-years of cigarette smoking (packs 
consumed daily times the number of years of smoking). 

No attempt was made to control the subjects' smoking be- 
havior before exercise testing. The men were instructed only 
to abstain from food or liquids other than water for 8 hours 
before their scheduled arrival at the testing facility. The 
subjects had no prior knowledge that a smoking history would 
constitute a part of the evaluation and they were not informed 
of the ongoing study relating to their smoking habits. All 
smokers did have to refrain from smoking in the hour imme- 
diately before exercise testing while the history was obtained 
and physical examination performed. 

Protocol: Our multistage exercise protocol and exercise 
electrocardiographic lead system have previously been re- 
ported.* 5 The exercise electrocardiogram was monitored 
continuously on an oscilloscope, and direct write-outs were 
recorded whenever an arrhythmia was observed. The elec- 
trocardiographic signal was also recorded continuously on 
magnetic tape together with an electronically generated time 
code, and additional arrhythmia analyses were made after 
exercise.” 4 

After completion of the exercise test the analog electro- 
cardiograms from the standing rest period and the last minute 
of exercise were converted to digital form and the last 25 QRS 
complexes from each of these periods were averaged with a 
digital computer. The magnitude of S-T depression and the 
slope or rate of rise of the S-T segment were then computed 
from the averaged QRS complexes. The computed S-T 
values for standing rest were used to confirm a normal S-T 
segment prior to exercise. The S-T segment at rest was con- 
sidered normal if there was less than 0.5 mm of S-T depression 
and the S-T slope was positive. The computed S-T segment 
values from the last minute of exercise were used for the 

comparative study of the maximal exercise S-T responses in 
nonsmokers and former and current smokers. 

The duration of exercise for each subject was recorded in 
seconds. The maximal systolic blood pressure was recorded 
just before termination of exercise with use of a mercury 


b Classified into three age groups, 25 to 34, 35 to 44 and 45 to 58 
. years, to correct for the increased prevalence of exercise- 
. induced ventricular premature complexes with advancing 
L age.^* 


i 
* X 
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. TABLE II 
_ Age and Body Weight in 586 Study Subjects 
_ (mean + standard deviation and range) 


b 
i 


|! 
5 


r 


e ————— I I 
D Age (yr) Weight (kg) 

" 
E ' 
a Group* Mean Range Mean Range 
ra ra 
© N-$m 36.3:6.6 28-58 873*109 62-138 
“C1 32.7 + 4.0 29—44 84.8 + 11.8 63—121 
uw C-2 33.3 + 4.8 29—53 85.0 + 10.7 50—118 
i C-3 40.1 + 5.9 29—54 87.4 * 11.6 60—139 
pers 35.3 + 6.3 29—54 86.0 + 8.8 72—117 
CLA 37.7 + 6.7 28—55 84.9+8.8 68—104 
F3 40.4 * 6.1 30-54 | 882*114 63-118 
- All 
—... Groups 36.5 * 6.5 28—58 86.4 + 10.8 50—139 





.— * See Table | for definition of groups. 
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TABLE III 


Covariate Analysis for Age and Weight of 


586 Study Subjects 








Corre- 
Regression lation 
Dependent Covar- Coeffi- Coeffi- Signifi- 
Variable iables cient cient t-Value cance 
Maximal Age —0.017 —0.005 —0.12 NS 
blood pressure Weight 0.293 0.154 3.82 «0.001 
Maximal Age —0.738 —0.373  —10.28 «0.001 
heart rate Weight | —0.249 —0.227 —6.25 «0.001 
Duration of Age —6.863 —0.246 —6.54 «0.001 
exercise Weight | —4.224 —0.273 —7.27 «0.001 
S-T depression Age —0.004 —0.332 —8.68 «0.001 
Weight |—0.0003  —0.057 —1.49 NS 
S-T slope Age —0.126 —0.333 —8.88 «0.001 
Weight | —0.036 —0.172 «0.001 


—4.59 





NS = not significant. 
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Values of Five Maximal Exercise Dependent Variables Adjusted for Age and Weight (group means and standard deviations) 
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TABLE IV 
Maximal Systolic Maximal 

Men Blood Pressure Heart Rate 
Group* (no.) (mm Hg) (beats/min) 
N-SM 176 179.5 + 20.4 188.2 + 10.6 
C-1 53 185.4 + 20.7 185.8 + 10.8 
C-2 100 185.9 + 20.9 182.5+ 10.8 
C-3 115 182.7 + 21.1 181.0 * 10.9 
F-1 58 182.6 * 20.4 187.7 * 10.6 
F-2 42 179.4 * 20.5 184.1 * 10.6 
F-3 42 182.2 * 20.7 184.4 * 10.7 


sphygmomanometer and a standard arm cuff with a stetho- 
scope diaphragm placed over the right brachial artery. 

A computer-generated covariance analysis? was performed 
using the data from the seven groups of former and current 
smokers and nonsmokers (Table I). The seven dependent 
variables of age, weight, maximal systolic blood pressure, peak 
heart rate, duration of exercise, computer-quantitated S-T 
segment depression and S-T segment slope were used. Group 
means adjusted for age and body weight were used to relate 
the other dependent variables with smoking status. A one- 
tailed t test (Student-Newman-Keuls) for contrasts in ad- 
justed group means was used to determine significant differ- 
ences among groups of smokers, former smokers and non- 
smokers. 


Results 


A detailed cigarette smoking history identified 176 
of the 586 subjects (30 percent) as nonsmokers, 268 (45.7 
percent) as current smokers and 142 (24.3 percent) as 
former smokers. A more detailed breakdown of these 
groups according to pack-years of smoking exposure is 
shown in Table I. 

Age and weight: The age of the subjects ranged from 
28 to 58 years (mean 36.5 years). Body weight ranged 
from 50 to 139 kg (mean 86.4 kg) (Table II). Using age 
and weight as covariates, we determined their effects 
on the dependent variables of maximal systolic blood 
pressure, heart rate, duration of exercise, S- T segment 
depression and S-T segment slope (Table III). Age had 
no significant effect on maximal systolic blood pressure, 
but body weight showed a significant positive correla- 
tion (regression coefficient significant at the «0.001 
level). Age and body weight each had a significant 
negative correlation with the maximal heart rate at- 
tained and the duration of exercise (P <0.001). Age had 
a very significant negative correlation with computer- 
quantitated S-T segment depression and slope (P 
<0.001). The negative correlation for age and S-T de- 
pression corresponded to a greater depression of the S-T 
segment with age. Weight achieved statistical signifi- 
cance only as a negative correlate of S-T segment slope 
(P <0.001). 

Maximal systolic blood pressure, heart rate and 
duration of exercise: The adjusted group means for 
_ these data are shown in Table IV and their analysis for 


= contrasts in the adjusted group means in Table V. 


1 Maximal systolic blood pressure was significantly 





X 1 
4 dd ae tc E OT E oder " A y e 
db aac r RC RC ud e eb uf Sac E: 


S-T Segment 


Duration of S-T Segment 
Exercise Depression Slope 
(sec) (mm) (mv/sec). 
957.9 + 154.9 —0.85 + 0.61 4.26 + 2.10 
931.7 + 157.4 —0.82 + 0.61 4.42+ 2.13 
889.3 + 158.2 —0.69 + 0.62 4.11 + 2.14 
851.4 + 160.0 —0.70 + 0.63 3.79 + 2.17 
919.5 * 155.0 —1.0 + 0.61 3.94 + 2.10 
916.4 * 155.1 —0.91 + 0.61 4.03 * 2.10 
890.4 * 157.0 —0.77 * 0.62 3.62 * 2.13 


greater in the three subgroups of current smokers than 
in nonsmokers. In the combined group of current 
smokers this difference was significant at the P «0.01 
level (Table V). There was no significant difference in 
this variable between nonsmokers and the combined 
group of former smokers. | 
The maximal heart rate during exercise of the non- 
smokers was significantly greater than in smokers (P 
«0.001) or former smokers (P «0.01) (Table V). In 
current smokers and former smokers with less than 10 


TABLE V 


Group Comparisons of Four Maximal Exercise Variables 
Using Adjusted Group Mean Values (Table IV) 








Group Comparisons * t Value Significance Level 
Maximal systolic blood pressure 
N-SM vs. C-1 —1.83 «0.05 (BP > in 
; smokers) 
N-SM vs. C-2 —2.47 <0.01 (BP > in 
smokers) 
N-SM vs. C-3 —1.81 <0.05 (BP > in 
smokers) 
N-SM vs. combined smokers —2.56 <0.01 (BP >in 
(C-1,C-2,C-3) smokers) 
N-SM vs. combined former —0.83 NS 
smokers (F-1,F-2,F-3) 
. Maximal heart rate 
N-SM vs. C-1 1.45 NS 
N-SM vs. C-2 4.24 «0.001 (HR < in 
smokers) 
N-SM vs. C-3 5.56 «0.001 (HR « in 
smokers) 
N-SM vs. combined smokers 4.85 | «0.001 (HR < in 
(C-1,C-2,C-3) smokers) 
N-SM vs. combined former 2.34 «0.01 (HR < in 
smokers (F-1,F-2,F-3) smokers) 
Duration of exercise 
N-SM vs. C-1 1.07 NS 
N-SM vs. C-2 3.49 . «0.001 (duration < in 
smokers) 
N-SM vs. C-3 5.61 «0.001 (duration < in 
smokers) | 
N-SM vs. combined smokers 4.36 | «0.001 (duration < in 
(C-1,C-2,C-3) smokers) 
N-SM vs. combined former 2.79 «0.005 (duration < in 
smokers (F-1,F-2,F-3) smokers) 
S-T segment depression 
N-SM vs. combined smokers —1.79 . «0.05 (S-T depression 
(C-1,C-2,C-3) < in smokers) 
N-SM. vs. combined former 0.93 NS 


smokers (F-1,F-2,F-3) 





* Groups defined in Table |. 
BP = blood pressure; HR = heart rate; NS = not significant. 
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TABLE VI 


Prevalence of Exercise-Induced Ventricular Premature 
Complexes (VPC) in Different Age Groups of Nonsmokers 
and Former and Current Smokers 








Prevalence 
Total Men 25—34 35—44 45—58 
With VPC Years Years Years 
Group no. % no. 96 no. % no. % 
Nonsmokers 66 38 25/88 28 27/63 43 14/25 56 
(no. = 176) 
Former smokers 57 40 21/69 30 24/53 45 12/20 60 
(no. = 142) 
Current smokers 97 36* 42/136 31 27/99 37 18/33 55 
(no. = 268) 





* There was no significant difference between subgroups of 


(2 smokers categorized by pack-years of smoking. 


_ pack-years of exposure, the maximal heart rate achieved 
- was not significantly different from that of nonsmokers. 
. Maximal heart rate was significantly higher (P «0.01) 
. in former smokers with 10 or fewer pack-years of ex- 


posure than in current smokers with more than 10 


_ pack-years of exposure (P «0.01). Heart rate did not 
_ differ significantly between former smokers with more 
— than 10 pack-years of exposure and current smokers 


with a similar pack-year exposure. 
The maximal duration of exercise did not differ 
significantly in nonsmokers and current smokers with 


_ 10 or fewer pack-years of exposure but was significantly 
Shorter (P «0.001) in smokers with more than 10 
_ pack-years of exposure than in nonsmokers (Table V). 
— The combined group of former smokers also had a sig- 


- nificantly diminished duration of exercise (P <0.005) 


- by comparison with nonsmokers, but the subgroup of 


_ former smokers with more than 20 pack-years of expo- 
sure (F-3, Table IV) was the only individual subgroup 


- Showing a statistically significant difference. 


S-T segment depression and slope: The adjusted 


- group means are shown in Table IV. Analysis of these 
. data (Table V) revealed that the maximal S-T depres- 
- sion during exercise was significantly less (P <0.05) in 


Suo» 


current smokers than in nonsmokers. However, there 


. was no significant difference between S-T depression 


. in nonsmokers and current smokers with 10 or fewer 
_ pack-years of exposure. Current smokers with more 
- than 10 pack-years of exposure had less exercise S- T 
- depression than nonsmokers, probably as a result of the 
significantly lower maximal exercise heart rates in this 


subgroup of current smokers. No significant differences 


were observed in the mean S- T segment slopes of non- 


- smokers, current smokers and former smokers. 


Exercise-induced ventricular premature com- 


_ plexes: Table VI lists the prevalence of these complexes 


for each of the three study groups. To increase the size 


of the groups for statistical analysis after the necessary 
subdivision according to age,?* only the major group 


divisions were considered. In the total population, 220 
subjects (38 percent) manifested exercise-induced 
ventricular premature complexes with the prevalence 
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TABLE VII 


Frequency Per Minute of Exercise-Induced Ventricular 
Premature Complexes (VPC) and Prevalence 
of Complex Forms 





Total Frequency Ventri- 
Men of VPC* Multi- cular 
With —— — — Paired focal Tachy- 
VPC <6/min 26/min VPC VPC cardia 


———— o — —— V0 — 9 — la 





Group no. % no. % no. 96 no. 96 no. 96 no. 9*6 
Nonsmokers 66 38 47 71 19 29 6 34 5 28 1 O6 
(no. = 176) | 
Former smokers 57 40 38 67 19 33 5 35 5 3.5 1 07 
(no. = 142) 
Current smokers 97 36 66 68 31 32 6 22 10 37 3 1.1 
(no. = 268) 





* Frequency per minute is defined as the maximal number of 
ventricular premature complexes observed during any 1 minute of 
exercise or any 1 minute of the 6 minute recóvery period of 
monitoring. 


showing increments with age. This group included 38 
percent of all nonsmokers (66 men), 40 percent of all 
former smokers (57 men) and 36 percent of all current 
smokers (97 men). These group differences were not 
statistically significant. T'able VII shows the frequency 
per minute of the observed ventricular premature 
complexes and the prevalence of complex ventricular 
arrhythmias such as multifocal, paired and three or 
more consecutive ventricular premature complexes. As 
in our previous reports on exercise-induced ventricular 
premature complexes in this population,?:4 we defined 
the frequency per minute as the maximal number ob- 
served during any 1 minute of exercise or during any 1 
minute of the 6 minute recovery period. Each subject 
who demonstrated ventricular premature complexes 
was categorized as having either less than six or six or 
more such complexes per minute.* No significant dif- 
ferences were observed among nonsmokers, former 
smokers and current smokers. The prevalence of com- 
plex forms of ventricular premature complexes within 
each of the groups was too small to permit statistical 
analysis. 


Discussion 


Effect of overweight: Our study compared cardio- 
vascular function and electrocardiographic changes of 
clinically normal smokers and nonsmokers during 
maximal treadmill exercise. In adjusting the study 
group data for age and body weight it was apparent that 
both had several significant effects on the variables 
under study. An impairment of maximal heart rate 
during exercise and duration of exercise and an increase 
in maximal systolic blood pressure during exercise were 
observed as correlates of increased body weight, thus 
suggesting a detrimental effect of obesity alone (Table 
III). Although the increase in maximal systolic blood 
pressure could be partly due to the varying relations of 
blood pressure, blood pressure cuff width and arm cir- 
cumference, our findings seem to justify the adjustment 
of the study group data for body weight. The negative 
correlation between body weight and S-T segment slope 





may have been a result of the lower exercise heart rates 
in the heavier subjects. A previous computer quanti- 
tation study of the S-T segment response to exercise in 
clinically normal subjects? demonstrated that the S-T 
slope increases progressively as the heart rate during 
exercise increases. The observed reduction in duration 
of maximal exercise, heart rate and S- T segment slope 
and the increase in S-T depression with age (Table III) 
have previously been reported.^? 

Blood pressure responses: The significantly greater 
systolic blood pressure during exercise in smokers than 
in nonsmokers supports previous observations. 9.10 
Former smokers had blood pressure responses during 
exercise comparable with those of nonsmokers (‘Table 
V). This finding suggests that the increased blood 
pressure response to exercise in smokers is reversible, 
perhaps as a result of elimination of the effects of ni- 
cotine and carbon monoxide. 

Duration of maximal exercise: causes of reduced 
exercise tolerance in smokers: A significant decrease 
in duration of maximal exercise was observed in our 
current smokers with more than 10 pack-years of ex- 
posure and our former smokers with more than 20 
pack-years of exposure (Table V). Probably several 
pathophysiologic mechanisms are responsible. Previous 
submaximal exercise studies on the treadmill!! and 
bicycle ergometer!?:!? showed that smokers accumulate 
a significantly greater oxygen debt during exercise. A 
factor known to affect cardiovascular function in 
smokers is elevation in the blood level of carboxyhem- 
oglobin. Raven et al.!4 obtained carboxyhemoglobin 
levels and performed maximal exercise tests in small 
groups of young healthy smokers and nonsmokers. Al- 
though smokers had significantly elevated carboxy- 
hemoglobin levels at rest, they had no significant im- 
pairment in functional aerobic capacity when compared 
with nonsmokers. However, several other investiga- 
tors !5^-17 found impaired submaximal and maximal 
exercise tolerance after acute administration of carbon 
monoxide in healthy nonsmokers. 'The maximal oxygen 
uptake diminished in proportion to the reduction in 
arterial oxygen content.? If blood carboxyhemoglobin 
levels played a part in the reduced exercise tolerance of 
our smoking subjects it would seem to have been an ir- 
reversible effect on the cardiovascular system due to 
long-term exposure to cigarette smoking. Although 
exercise tolerance was not significantly reduced in 
current smokers with 10 or fewer pack-years of expo- 
sure, it was decreased in former smokers with 20 or more 
pack-years of exposure who had abstained from ciga- 
rette smoking for 1 year. Another factor to be considered 
is the role of long-term exposure to nicotine. The car- 
diovascular effects of short-term exposure to nicotine 
are well documented,! but long-term studies are not 
available. 

Causes of impaired maximal heart rate response 
in smokers: Blackburn et al.!? studied several groups 
of a “normal population" for differences between ha- 


| — -— bitual smokers and nonsmokers in heart rate response 
|... to submaximal exercise and found no significant dif- 
|... ferences at rest, during exercise or at 3 minutes after 








exercise. Chavalier et al.!? reported that submaximal 
exercise heart rates of smokers were significantly greater 
than those of nonsmokers during a standard 5 minute 
bicycle ergometer test. Our study unexpectedly dem- 
onstrated a significant impairment in the maximal ex- 
ercise heart rates of current and former smokers with 
more than 10 pack-years of exposure. Raven et al.!^ also 
found a lower mean maximal exercise heart rate in 
smokers (188 beats/min) than in nonsmokers (193 
beats/min), but this difference was not statistically 
significant for the small numbers of subjects studied. 
This apparent impairment in the maximal exercise 
heart rate responses of smokers and former smokers is 
a new observation deserving further study. 

The state of physical fitness of our study subjects was 
not quantitated historically because of the poor reli- 
ability of such assessments. However, the shorter du- 
rations of exercise and lower heart rates during exercise 
in our current and former smokers would seem to ex- 
clude poor physical fitness as an explanation for the 
impaired heart rates during exercise, assuming that 
efforts were truly maximal. Without maximal oxygen 
consumption studies we cannot exclude the possibility 
that the current and former smokers simply lacked 
motivation in their maximal exercise efforts. The fact 
that current and former smokers with 10 or fewer 
pack-years of exposure attained maximal exercise heart 
rates comparable with age-adjusted values in non- 
smoking subjects would seem to be indirect evidence 
against this explanation. The daily cigarette con: 
suniption of smokers with 10 or fewer pack-years o! 
exposure was not significantly different from that of the 
subjects with more than 10 pack-years of exposure, anc 
the two groups differed only in the number of years o! 
cigarette smoking. Furthermore, former smokers witt 
more than 10 pack-years of cigarette consumption als 
had a significantly reduced heart rate during exercist 
even though they had been motivated to discontinue 
smoking. 

Unfortunately our data collection protocol did no! 
anticipate the finding of a lower peak heart rate during 
maximal exercise in smokers than in nonsmokers. Ir 
retrospect a comparison of the heart rates of smoker: 
and nonsmokers at submaximal work loads would have 
been desirable. We cannot exclude the possibility tha’ 
the smokers had higher heart rates than nonsmokers a’ 
lower work levels, a finding that would be in agreemen 
with data from most earlier studies.!?.!? 

S-T segment and smoking: Several authors hav: 
noted changes in the electrocardiogram obtained at res 
in cigarette smokers. VonAhn!? reported slight S-1 
segment and T wave depressions in patients with angin: 
pectoris and Ioannidis?? reported prolongation of thi 
Q-T interval during smoking. We found that the mag 
nitude of S- T depression during maximal exercise wa: 
significantly lower in current smokers than in non 
smokers. This finding was confined to the curren 
smokers with more than 10 pack-years of exposure 
These were the same subjects with a highly significan 
impairment in heart rate during maximal exercise 
which may account for this unexpected finding. Previ 


Pe 
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|. ous studies have shown that the magnitude of depres- 
. sion of the early portion of the S-T segment (J junction) 
increases progressively with increases in heart rate 
during exercise.” We also examined the S-T data from 
_ the standpoint of the number of subjects in each study 
group with an abnormal computed S-T segment re- 
sponse to exercise.^9 Only 25 of the 568 subjects (4.3 
percent) demonstrated an abnormal S-T response, in- 
“cluding 7 of 176 (3.4 percent) nonsmokers, 9 of 142 (6.3 
_ percent) former smokers and 9 of 268 (3.4 percent) 
h - current smokers. These group differences were not 
- statistically significant. 
E. Ventricular arrhythmias and smoking: Many of 
the known effects of cigarette smoking are potentially 
$ arrhythmogenic. These include primary myocardial 
_ effects secondary to mobilized catecholamines and the 
> adverse effects on pulmonary function, which may cause 
hypoxia with exertion.!..!0 Electrophysiologic obser- 
“vations?! suggest that nicotine can cause alterations in 
conduction and automaticity in Purkinje fibers pre- 
i disposing to cardiac arrhythmias. Bellet et al.22 were 
able to show a 30 to 40 percent reduction in the ven- 
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tricular fibrillation threshold in dogs after the acute 
inhalation of cigarette smoke. We found no increase in 
the prevalence, frequency or complexity of exercise- 
induced ventricular premature complexes in smoking 
subjects compared with nonsmokers (Tables VI and 
VII). Similar findings were reported by Vedin et al.,?? 
who performed maximal exercise tests in 793 Swedish 
men to study the relations between exercise-induced 
ventricular arrhythmias and risk factors thought to 
predispose to coronary artery disease. 

Our studies were performed in subjects who had ab- 
stained from cigarette smoking for at least 1 hour before 
exercise testing. Previous studies demonstrating elec- 
trophysiologic abnormalities secondary to nicotine ex- 

posure or cigarette smoking were acute studies that 
undoubtedly dealt with high blood levels of nicotine or 
carboxyhemoglobin. Our arrhythmia results might have 
been different had our study subjects been allowed to 
smoke just before exercise testing. Our results also 
should not be used to contradict previous data?4-?6 
showing an increased risk of coronary heart disease and 
sudden death in the general smoking population. 
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Diminished echocardiographic aortic cusp separation is used as one in- 
dicator of the severity of aortic stenosis. To test the validity of this index, 
22 patients— 12 (55 percent) with isolated aortic valve disease and 10 
(45 percent) with aortic stenosis associated with mitral or coronary artery 
disease—underwent M mode echocardiographic examination before 
aortic valve replacement. Tracings of diagnostic quality were obtained 
without difficulty from all 22 patients. Cardiac catheterization was per- 
formed in 21 patients. Echocardiographic cusp separation was measured 
from the apparent mid-systolic orifice and from the outer periphery of the 
anterior cusp to the outer periphery of the posterior cusp (maximal pe- 
ripheral cusp separation). Mid-systolic cusp separation varied in nearly 
every patient, depending on the angle of leaflet presentation to the ul- 
trasonic beam. Maximal peripheral cusp separation measured 16 mm in 
18 of 22 patients (82 percent); it indicated neither the severity of the aortic 
stenosis as documented with cardiac catheterization nor the mobility ol 
the cusps seen at operation. The surgical and echocardiographic de- 
scriptions of leaflet and aortic root calcification were similar. In situ ex- 
amination of aortic cusp separation indicated that diseased aortic valves 
are not comparable with normal valves or valves with uncomplicatec 
congenital obstruction. The aortic leaflets were curled, fused, calcifiec 
and deformed from their natural state of coaptation. Abnormal thickeninc 
and limited or eccentric mobility of the aortic leaflets were useful indi: 
cators of the cause of valve disease, but cusp deformity secondary tc 
aortic stenosis invalidated mid-systolic cusp separation and maxima 
peripheral cusp separation as indicators of the severity of aortic steno: 
sis. 


Previous investigators!2 have indicated that a normal aortic valv 
echogram and normal left ventricular wall thickness probably exclud 
significant acquired aortic stenosis. Thickened aortic leaflets, withou 
other clinical or echographic evidence of aortic stenosis, do not sugges 
significant aortic stenosis in a geriatric patient.? Bicuspid valves i 
children and young adults may present normal aortic echograms becaus 
of valvular doming?^-? even when severe obstruction is present. Aorti 
cusp separation has been useful in evaluating many diseases that direct] 
or indirectly affect the motion of those cusps.* However, in our corre 
spondence and in teaching echocardiography we have found that to 
many people consider it an unequivocal indicator of the severity of aorti 
stenosis. Although other investigators?? have found mid-systolic an 
maximal peripheral aortic cusp separation useful, as a result of this stud 
we no longer utilize it as an indicator of the severity of aortic stenosis 


Materials and Method - 


Patients: Twenty-two patients—12 (55 percent) with clinical evidence « 
isolated aortic valve disease and 10 (45 percent) with aortic stenosis associate 
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TABLE I 
. Echocardiographic and Cardiac Catheterization Data in 22 Patients 


Cardiac Catheterization Data 


i 


e ; . CI Vessels 
i Echocardiographic Data (liters/ MS or with 
Case Age ASCS MPCS LVID LVWT AVG AVA min per MVG CAD 
- (no) | Operation (yr) (mm) (mm) (cm) (cm) Ca (mmHg) (cm?) m?) ECG (mm Hg) MR Al (no.) 
c AVR, MRV 48  7,10,13 21 50 1.1 4 0 3: IWTAY. 33 +++ ë +H 
Et 2 AVR 46  6,8,10 120^783 4-98. 5.6 28: > 0.9% = 83" AP 15 ++ +++ 
|. 8* . Abd Aneur, 70.18.19 21 8). 171.4 ++ 51 1.1 2.8 NSR , ++ 3 
p. CB 
AA AVR, CB 44-5. inve wA: SX a. ovi 45. "0.8. ^20. NSA d ES + 3 
AS. AVR 61- 4.8 154 -EB. WA. d Bd ih caa VM v ex 
M26 AVR, CB 52.5.7: 13 15 44 13. — +++ 18- 34 t. EL PORE 3 
E AVR 68 8,12 18r 3:8 1.2 +++ 70 NSR + 
B 8 AVR 65  9,10,21 03,7 Se "LAM or ee 70 NSR + 
a ae AVR 53 7,10 15 4.0 1:2 +++ 70 NSR 
10 AVR, CB 60 À8,11,13 17 ji 1.2 +++ 70 NSR 1 
6.5 
AVR 57 6,9,12 UIS vd. Oe o k PER Bivins oe ... NSR + 2 
AVR 55 8 23 43. 7 6C Bae > 100) 05 . 24. xe + Cah 
AVR, PM 7] 5,8 11 60. 42 "af t 3 05 CHE + 2 
AVR 82 T9 5.49 720 3.0 ^n 42 SR n 2e ar D. n CNSR * IM 
AVR 31 5, 10 122 wg ^9 24$ 2 390A 119: 7 91 A. Se 
AVR, PM 69  9,13,15 21 46 "13 4 t a i. (HB E. 
ENUUNVE- 44 13,16,20 ^23 . 44 314 ve ... oou mE WAREN Ree 
AVR 38.0 20 43 14 -*- 3110 06 26  NSR y 
AVR, CB 73: 72. 45 Te 60 34:934 t - x ...  NSR 
AVR 7077740513 418207481 4.04 BS ae t hist. pio MR ^ aeo in 2 
AVR 6357.0 14 58 20 +++ 118 05 23  NSR AV M E 
Le AVR 61 9,12,15 15-38" 186" .-120 i 22.1: NSR oy B + 
BENI LUC UET————————————————————M———————— ——— Dia À—Ó— o. ÓÀ I | 








|. {Aortic valve examined at autopsy. 

_ "No cardiac catheterization before operation. 
Ke t Ventricular aneurysm, dilated dimension of 6.5 cm obtained from subxiphoid examination position. 

- SAortic valve could not be traversed with catheter. | 

— Abd Aneur = abdominal aneurysmal repair; AF = atrial fibrillation; Al = aortic insufficiency; ASCS = apparent mid-systolic aortic cusp separa- 
tion; AVA = aortic valve area; AVG = aortic valve gradient; AVR = aortic valve replacement; Ca = calcification; CAD = coronary artery disease ; 
CB = coronary arterial bypass grafting; CHB = complete heart block; Cl = cardiac index; ECG = electrocardiogram; LVID = left ventricular in- 
‘ternal dimension during diastole; LVWT = left ventricular wall thickness during diastole; MPCS = maximal peripheral ‘aortic cusp separation; 
‘MR = mitral regurgitation; MS = mitral stenosis; MVG = mitral valve gradient; MVR = mitral valve replacement; NSR = normal sinus rhythm; 
.PM = pacemaker implantation. 

_ += mild; ++ = moderate; +++ = severe. 

HE z 
| SENS T with mitral or coronary artery disease—underwent an echo- 
NS : cardiographic examination before cardiac catheterization or 
‘Surgical Description of Aortic Valve in 22 Patients valve surgery at Emory University Hospital. One patient 


without aortic stenosis (Case 1) was included because of spe- 





Ca se Cusps 








^no. (no. Ca Additional Description cial features in the echocardiogram. 

E All patients were examined with use of commercially 

BA 3 e Rolled cusps edges; calcification in leaflet available equipment (Ekoline 20A echograph; Honeywell 

E we c vu I ek nits Bo oad troi teatral arnicd 1856A Visicorder; Aerotech transducer, 2.25 megahertz, 0.5 

EUd*i 3. +++ Leaflets move slightly with great pressure inch [1.27 cm] diameter, nonfocused). Pertinent echocardi- 

E43 ^... ographic and cardiac catheterization data are presented in 

855 2. cH Table I. Table II indicates the surgeon's description of 21 in 

: 4 S KT ret situ aortic valves and the pathologist’s description of 1 aortic 

oo a aa .. valve examined at autopsy (Case 3). 

E02 Lt... Cardiac catheterization and surgery: The aortic valve 
EU o FEE ss. could not be traversed by the catheter in five cases (Cases 13, 
M. ^ AK jap kedly rolled margins 14, 16, 19 and 20). No other procedures were attempted to 

BS Ou. "AIL leaflets fixed enter the left ventricular cavity. These patients were referred 

(14 2 +++ Pinhole orifice with slight commissural opening for aortic valve replacement on the basis of clinical symptoms 
a D APA 4G the right and findings. 

ES uu Exige lett coronary- cusp: small right and. non- In addition to aortic valve replacement, two patients (Cases 

he? coronary cusps 1 and 17) had mitral valve replacement; five patients (Cases 

Ng 2" 4... 3, 4, 6, 10 and 19) had coronary arterial bypass procedures; and 

18 2 R 2 two patients (Cases 13 and 16) had pacemaker implantation. 
oh s dus Patient 3 also had repair of an abdominal aortic aneurysm. 
.21 ... +++ Extremely stenotic; no designation of leaflet The aortic valve was not replaced. This patient died from 
re number myocardial infarction 3 days after aneurysmectomy, and the 
22 2 +++ Total fusion of right and noncoronary cusps aortic valve was examined at necropsy. Patient 17 underwent 

*Aortic valve examined at autopsy. rapid clinical deterioration and was operated on without prior, 
CA = calcification (+ = of mild, +++ = of severe degree). catheterization. 
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FIGURE 1. Case 1. A 48 year old man with mitral stenosis 
and regurgitation and aortic regurgitation. Improper signal 
amplification causes the posterior noncoronary cusp to 
be poorly recorded. Unless the tracing is carefully ex- 
amined, complexes 1 and 2 give the impression of a 
thickened aortic valve with diminished cusp separation. 
At operation, the leaflet margins were mildly calcified with 
rolling of cusp edges. LA = left atrium. 
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Echocardiography: A special effort was made to record 
echocardiographic aortic leaflet motion in each patient from 
multiple intercostal spaces or the subxiphoid position, or both. 
Each patient was examined both in the supine position, with 
20? elevation of the head and torso, and in a partial left lateral 
decubitus position. As previously described,? no patient was 
raised to a sitting position. The transducer was positioned in 
the third, fourth or fifth intercostal space along the left sternal 
border and directed cephalad and medially. Frequently the 
aortic leaflets could not be visualized if the transducer was 
positioned too close to the left sternal border. Leaflet motion 
could be recorded if the transducer was shifted laterally across 


FIGURE 2. Case 16. A 69 year old man with no history 
of rheumatic fever; he was told of a heart murmur at age 
68. Thickened calcified aortic leaflets are demonstrated 
with variable cusp separation due to altered presentation 
of the leaflets to the ultrasonic beam. A large left coronary 
cusp and small right and noncoronameeusp s were noted 
at operation. In complex 4, Agric € 

— systolic cusp separation, equ) 
5; B indicates maximal peri 
| * 

— aortic valve. 
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the precordium toward the mid-clavicular line or nearer to the 
cardiac apex. The ultrasonic beam was directed superiorly 
from the mitral valve and medially in a plane between the neck 
and right shoulder.? If leaflet motion still could not be iden- 
tified, a subxiphoid examination was undertaken.!?.!! The 
aortic valve could be identified in all 22 patients, but mid- 
systolic leaflet separation could not be distinguished in 2 
(Cases 18 and 21). 

The quality of signal amplification (gain) altered the density 
of the leaflet signals, causing them to appear more or less 
thickened. With the exception of the study shown in Figure 
1, the *gain" was set at levels that allowed the observer to 
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. identify leaflet motion; further amplification would have 
_ obscured the separate integrity of the aortic leaflets, aortic 
_ walls and cusp separation. 


Results 


Aortic cusp separation, pressure gradients and 
anatomic findings: Figures 1 to 6 are representative 
of the aortic valve echograms obtained in this study. 
None of the 22 echograms could be defined as showing 
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_ FIGURE 4. Case 20. A 70 year old man known to have a heart murmur 
since childhood; he was asymptomatic until age 69. The aortic leaflets 
are thickened and greatly restricted. The valve was thought to be tri- 
cuspid at cardiac catheterization but was found to be bicuspid at op- 
eration. AV — aortic valve. 
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FIGURE 3. Case 2. A 48 year old woman with rheumatic 
aortic and mitral valve disease. The aortic valve appears 
thickened, and the mobility of posterior noncoronary 
leaflet is greater than that of the right anterior cusp. The 
valve was inspected at operation and found to be tricuspid 
and markedly thickened with leaflet retraction away from 
the central orifice. AV — aortic valve; LA — left atri- 
um. 


normal findings (that is, thin pliable cusps opening to 
the boundaries of the aortic walls). All displayed one or 
more thickened leaflets. Mid-systolic cusp separation 
exceeded 14 mm in seven patients, including three 
(Cases 3, 8 and 22) with a pressure gradient across the 
valve of 51, 70 and 120 mm Hg, respectively (Table I). 
Four others had clinical evidence of severe aortic ste- 
nosis but a catheter could not be introduced into the left 
ventricle in three patients, and the fourth patient (Case 
17) required operation before catheterization could be 
performed. Excluding Case 1, there were 12 patients 
with a mid-systolic orifice of 8 mm or less who exhibited 
a pressure gradient across the valve of 26 to 110 mm Hg 
at cardiac catheterization (Table I). The appearance of 
the apparent mid-systolic orifice varied according to the 
angle at which the leaflets presented to the sonic beam. 
Aortic cusp separation ranged from normal to abnormal 
in sequential complexes even though the transducer was 
held firmly in the same plane in a single intercostal 
space. Cusp separation could not be distinguished in two 
patients (Cases 18 and 21) although valve tissue was 
identified within the aortic root. 

Maximal peripheral cusp separation: Thirteen 
patients with clinical evidence of aortic stenosis ex- 
hibited maximal peripheral cusp separation of 17 mm 
or more. Such normal values suggested doming of the 
valve when blood was ejected through a narrowed re- 
sistant aperture, as in congenital aortic stenosis with a 
domed valve. However, surgical examination indicated 
that these valves were often so greatly thickened and 
rigid from calcification that significant doming would 
not have been possible. The diseased aortic valve in 
these adults was not comparable with the valves of 
subjects without aortic valve disease or with uncom- 
plicated congenital obstruction. The leaflets were seen 
to curl, thicken, fuse, calcify and become otherwise 
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. edly thickened and calcified, particularly in the 


|. Stenosis was associated with severe mitral ste- — 
| . nosis, AV = aortic valve; LA = left atrium. 


s! 


. deformed from their natural state of coaptation. Leaf- 


lets that were particularly thickened and heavily infil- 
trated with nodular calcium produced very irregular 
reflecting surfaces, seen as a multiplicity of echoes on 
the echocardiogram. 

Decreasing the signal amplification served to decrease 
the density of all the echoes and did not define une- 
quivocally clear orifices. Echocardiographic identifi- 
cation of cusp separation was, in fact, quite erroneous. 
This was particularly evident in Case 14 in which the 
aortic echogram was similar to that shown in Figure 3. 
During cardiac catheterization the aortic pressure be- 
came damped each time the catheter was advanced 
through the aortic valve. Left ventricular pressures 
could not be obtained. Examination of the valve at op- 
eration disclosed a bicuspid valve with extensive calci- 
fication. Only a pinhole orifice was preserved with slight 
right commissural opening. Thus, the mid-systolic cusp 
separation of 8 to 12 mm seen in the aortic echogram did 
not predict the size of the aperture seen at operation. 


Representative Cases (Fig. 1 to 6) 


Case 1: Figure 1 demonstrates the variability of apparent 
mid-systolic cusp separation from a single transducer position. 
Through five sequential cardiac cycles, complexes 1, 2 and 3 
appear distinctly different from each other. Part of this dif- 
ference may be due to the presence of atrial fibrillation which 
causes variable cycle lengths. The initial impression is one of 
reduced cusp separation and increased density of the leaflets. 
Closer examination shows that the signal amplification is 
lower than usual. Signals from the posterior noncoronary cusp 
were almost too weak to be recorded (complexes 1 and 2). 
Without complex 3, this patient would appear to have a re- 
stricted valve when, in fact, the cusps were very mobile. Left 
ventricular wall thickness was normal. Moderate aortic in- 
sufficiency and severe mitral stenosis were present at cardiac 
catheterization. No gradient was demonstrated across the 


aortic valve. Cusp mobility was confirmed at operation. 


Leaflet margins were mildly calcified with rolling of the free 
edges. 


FIGURE 6. Case 17. A 44 year old man with a 
heart murmur heard for the first time at age 18. He 
was asymptomatic until age 41 when he was re- 
ferred for emergency aortic and mitral valve re- 
placement. The aortic valve is seen to be mark- 


vicinity of the right anterior leaflet. The aortic 
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Case 16: This case also demonstrated variability of ap- 
parent mid-systolic cusp separation. Signal amplification of 
Figure 2 was properly adjusted to identify all available 
structures. Complexes 1 and 4 appear similar as do complexes. 
2 and 5. This finding would indicate altered presentation of 
the aortic leaflets to the sonic beam as the base of the aorta. 
twisted or shifted superiorly during each systolic beat,°” re- 
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FIGURE 5. Case 18. A 35 year old man found to have a heart murmur 
on routine physical examination at age 33. Aortic valve motion was 
recorded from the subxiphoid position only. Mid-systolic cusp separation 
cannot be distinguished because of heavy calcification. At operation, 
the valve was bicuspid and heavily calcified. AV — aortic valve; TV — 
trituspid valve. VE 
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suming its original presentation to the beam only intermit- 
tently. The apparent mid-systolic orifice could be either 10 
mm (complexes 2, 4A and 5) or 19 mm (complexes 1 and 4B). 


. Maximal peripheral cusp separation measured 21 mm. At 


cardiac catheterization, the aortic valve could not be traversed 


_ by the catheter. At operation, the aortic valve was found to be 


. tricuspid and heavily calcified. The left coronary cusp was 


. largé; the right coronary and noncoronary cusps were small. 


On pathologic examination, patchy myxomatous degener- 
ation was noted in addition to fibrosis and extensive nodular 
degenerative calcification. 


Case 2: Figure 3 indicates thickening and reduced mobility 


. of the anterior leaflet. The posterior leaflet is more mobile and 


appears to open to the boundary of the posterior wall. Cardiac 
catheterization data indicated a pressure gradient of 26 mm 
Hg across the aortic valve. Moderate mitral stenosis, mitral 
regurgitation and severe aortic regurgitation were also present. 
At operation, the aortic valve was noted to be tricuspid, greatly 
thickened and calcified. The free edges of the leaflets were 


. retracted away from the central orifice. 


Case 20: Figure 4 shows restriction of both the anterior and 
posterior aortic cusps, thus producing the “buttonhole” 
configuration.’ The aortic valve could not be traversed by 


catheter. Supravalvular cineaortography, performed in the 


left anterior oblique projection, revealed a dilated ascending 


- aorta with an apparently tricuspid aortic valve. The leaflets 
. moved only slightly. No aortic regurgitation was seen. This 
_ aortic valve was noted to be bicuspid and heavily calcified at 


operation. 


Case 18: The echocardiogram of Figure 5 was recorded from 
the subxiphoid position. Tracings from the left sternal border 
and elsewhere across the precordium were technically un- 


. satisfactory and could not be interpreted. Heavy calcification 
_ of the aortic valve almost obscured peripheral leaflet motion 


and filled the apparent mid-systolic orifice. Cusp separation 


. could not be determined even at lower attenuation. At oper- 
. ation, the valve was observed to be bicuspid and heavily cal- 
— cified, calcium extending to the anulus and noncoronary cusp 
A and into the aortic wall. 


Case 17: This patient was referred for emergency aortic and 


$ mitral valve replacement. The aortic echogram (Fig. 6) shows 


excessive echoes in the vicinity of the right anterior leaflet; the 
posterior noncoronary cusp appears more mobile and less 
thickened. Although systolic valve motion appears to be ec- 
centric, the diastolic placement of the valve within the aortic 
lumen is not eccentric. In situ examination showed the valve 
to be bicuspid and severely calcified with calcification ex- 
tending onto the anterior mitral leaflet. 


Discussion 


Incomplete aortic valve echograms have been, but 
should no longer be, cited as a limiting factor in the 
evaluation of aortic valve disease.!?-!4^ Utilizing proper 
examination techniques, we obtained without difficulty 
tracings suitable for identifying aortic valve disease in 
all 22 cases. 

The identification of aortic valve echograms with 
abnormal thickening and limited or eccentric mobility 
of the aortic leaflets was useful in clarifying the role of 
aortic stenosis in patients with syncope, angina pectoris, 
cardiomegaly or symptoms of left ventricular failure. 
It was helpful to identify associated conditions such as 
mitral valve disease or left ventricular dysfunction that 
would mask or alter the hemodynamic severity of rec- 
ognized aortic stenosis because such conditions would 
also lead to underestimation of the observed pressure 
gradient across the aortic valve at cardiac catheteriza- 
tion.1?-17 

Cusp deformity occurring secondary to aortic ste- 
nosis, as in our study, invalidated the measurement of 
mid-systolic and maximal peripheral aortic cusp sepa- 
ration as an index of the severity of the stenosis. 
Therefore, these variables should not be used to assess 
the clinical severity of aortic stenosis. 
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Myocardial infarction during aortic valve replacement has previously been 
reported to result from obstruction of a branch of the left main coronary | 
artery by the perfusion cannula. Patients with a dominant left coronary 
arterial system may be at greater risk. To assess the frequency and sig- 
nificance of a dominant left coronary arterial system the coronary an- 
giograms of 75 consecutive patients more than 34 years of age with iso- 
lated aortic stenosis were studied and compared with those of a control 
group of 150 patients. 

Among the patients with aortic stenosis, 19 (25 percent) had left- 
dominance, 9 (12 percent) a balanced circulation and 47 (63 percent) 
a dominant right coronary arterial system. Among control patients, 14 (9 
percent) had left dominance 18 (12 percent) a balanced system and 118 
(79 percent) right dominance. The increased prevalence of left dominance 
in patients with aortic stenosis was significant (P <0.005). Among patients 
with aortic stenosis, the left main coronary artery was shorter (P <0.01) 
in those with left dominance (6.2 + 1.3 mm [mean + standard error|) than 
in those with right dominance (9.9 + 0.7). Sixty-nine patients with aortic 
stenosis underwent aortic valve replacement. Perioperative myocardial 
infarction occurred in 4 of 15 (26.7 percent) of those with left dominance 
and in 4 of 54 (7.4 percent) of those with right dominance or a balanced 
circulation (P « 0.05). Perioperative myocardial infarction occurred in 
all three patients with left dominance and obstructive coronary artery 
disease. 

The increased prevalence of a dominant left coronary arterial system 
in aortic stenosis suggests that this may be part of a developmental 
complex. Patients with left dominance have a shorter left main coronary 
artery than patients with right dominance. They also have an increased 
risk of perioperative myocardial infarction if there is associated obstructive 
coronary artery disease. Preoperative information about the coronary 
arterial anatomy and extent of coronary artery disease may be helpful. 
in planning the use of coronary perfusion and other myocardial preser- 
vation techniques during surgery in order to reduce the incidence of 
myocardial infarction. 


Myocardial infarction during aortic valve replacement is reported to 
occur in 0 to 27 percent of patients,!-9 and can be expected to impair left 
ventricular function in the survivors.^? Factors previously considered 
important in myocardial preservation have included aortic. cross- 
clamping time, perfusion time, degree of left ventricular hypertrophy, 
induction of ventricular fibrillation and the presence of associated cor- 
onary disease.?-4?-!! Myocardial infarction complicating coronary 
perfusion during open heart surgery has been attributed to selective 
perfusion of one branch of the left coronary artery,!?-!* and early bi- 
furcation of the left main coronary artery has been observed in some 
patients.!?-!6 An additional factor that might aggravate the deleterious 
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_ FIGURE 1. Frequency of coronary arterial dominance. The left coronary 


. artery was dominant in 25 percent of patients with aortic stenosis and 


in 9 percent of control patients. This difference was significant. 


. effect of partial perfusion of the left coronary system 
. would be the coexistence of obstructive coronary artery 
_ disease in a dominant left coronary system. Therefore, 
. inthis study, we assessed the frequency and significance 
- of a dominant left coronary arterial system and the 


- length of the left main coronary artery in patients with 


isolated aortic stenosis. 


Materials and Methods 


The coronary arterial dominance, length of the left main 
coronary artery and catheterization data were reviewed in 75 
consecutive patients with calcific aortic stenosis who under- 
went both hemodynamic and coronary arteriographic studies 


. at our institution from February 1968 through April 1975. 


TURTLE Pas 


Since the end of 1971, coronary arteriography has been rou- 


— tinely performed in patients with severe aortic stenosis older 


than 40 years. There were 47 men and 28 women aged 34 to 
. 79 years (mean 58.6 years). The coronary dominance and 
— length of the left main coronary artery were also determined 


_ in 150 control patients. The patients who underwent coronary 


arteriography before and after the index patients comprised 


the control group of 88 men and 62 women, whose ages ranged 
_ from 24 to 70 years (mean 49.9 years). 


Left coronary arterial dominance was considered present 


. when the posterior descending branch arose from the left 


circumflex coronary artery and the right coronary artery was 


-= small. Right dominance was considered present when the 


posterior descending branch arose from the distal right cor- 


. onary artery. À balanced coronary arterial system was con- 
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sidered present when the right coronary artery and left cir- 
cumflex coronary artery combined to form the posterior de- 
scending and large posterolateral branches. 

The length of the left main coronary artery was determined 
using large film radiographs made in the right anterior oblique 
projection. In each instance, the radiograph showing the 
longest length was chosen to obviate the problem of shortening 
during systole.'’ This measurement was corrected for X-ray 
magnification by comparing the actual and projected catheter 
widths.! 7-19 

Aortic valve replacement was performed in 69 of the 75 
patients with aortic stenosis. In 16 of the 69 patients valve 
replacement was combined with aortocoronary bypass graft 
procedures as described previously.! Briefly, the operation 
was performed under high flow cardiopulmonary bypass (2.4 
liters/min per m?) using electrically induced ventricular fi- 
brillation. The left ventricle was vented through an apical 
catheter. The coronary arteries were perfused using hand-held 
coronary cannulas for 3 to 4 minute periods every 15 minutes 
during valve replacement. There has been an evolution of 
aortic valve replacement at our institution. Recently, con- 
tinuous coronary perfusion has been used in the beating 
nonworking heart after a brief period of hypothermic arrest 
during which time the stenotic valve is excised. Also, currently 
saphenous vein bypass grafts are placed prior to aortic valve 
replacement and continuous coronary perfusion is maintained 
through the graft. 

Perioperative myocardial infarction was defined by new 
persistent electrocardiographic Q waves???! occurring within 
3 days of operation or by autopsy evidence of a myocardial 
infarction related to the operation, or both. Statistical analysis 
was performed using Student's t test and Fisher's exact 
test. 22.23 


Results 


Left coronary dominance: Of the patients with 
aortic stenosis, 19 (25 percent) had a dominant left, 9 
(12 percent) a balanced and 47 (63 percent) a dominant 
right coronary system. In the control group, 14 (9 per- 
cent) had a dominant left system, 18 (12 percent) a 
balanced and 118 (79 percent) a dominant right system. 
This increased prevalence of left dominance in patients 
with aortic stenosis was significant (P <0.005) (Fig. 
1). 
Length of left main coronary artery: The left main 
coronary artery measured 9.0 + 0.6 mm/mg (mean + 
standard error) with a range of 0 to 27 mm in patients 
with aortic stenosis and 9.8 + 0.4 mm/mg (range 0 to 25 
mm) in the control patients; this difference was not 
statistically significant. However, in the patients with 
aortic stenosis and left dominance, this artery was sig- 
nificantly (P <0.01) shorter (6.2 + 1.3 mm/mg; range 0 
to 25 mm) than in patients with aortic stenosis and right 
dominance (9.9 + 0.77 mm; range 0 to 18 mm) (Fig. 
zh 

Aortic valve replacement: Sixty-nine patients with 
aortic stenosis underwent aortic valve replacement; nine 
(13 percent) died in the hospital. Eight (12 percent) 
perioperative myocardial infarctions were identified and 
five of these were fatal. Thus, five (55 percent) of the 
nine hospital deaths were due to perioperative myo- 
cardial infarction. Four myocardial infarctions occurred 
in patients with a dominant left system (4 of 15; 27 
percent) and four in patients with a dominant right or 
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FIGURE 2. Length of the left main coronary artery in patients with aortic 
stenosis. The artery was significantly (P <0.01) shorter in those with 
left dominance (6.2 + 1.3 mm) than in those with right dominance (9.9 
+ 0.7 mm). 


balanced system (4 of 54; 7 percent); this difference was 
significant (P <0.05) (Fig. 3). 

Of the 15 patients with left dominance undergoing 
aortic valve replacement 5 were women and 10 were 
men; their ages ranged from 34 to 72 years (mean 58 + 
2.1 years). The measured aortic gradient was 68 + 5mm 
Hg and the calculated valve index was 0.38 + 0.05 
cm2/m2. Thirteen of the 15 patients had electrocardio- 
graphic criteria for left ventricular hypertrophy with 
associated ST-T abnormalities. Two patients had sig- 
nificant coronary disease of both the left anterior de- 
scending and circumflex vessels, and one patient had 
isolated stenosis of the left anterior descending coronary 
artery. The calculated left ventricular ejection fraction 
was 0.64 + 0.06. 

Of the patients with a balanced coronary system 
undergoing aortic valve replacement, four were women 
and five were men; their ages ranged from 41 to 65 years 
(mean 55 + 2.6 years). The measured aortic gradient 
was 60 + 1.4 mm Hg and the calculated valve index was 
0.43 + 0.05 cm?/m?. Six of the nine patients had elec- 
trocardiographic criteria for left ventricular hypertro- 
phy with associated ST-T abnormalities. One patient 
had significant triple vessel coronary disease and one 
had significant right coronary disease. The calculated 
left ventricular ejection fraction was 0.68 + 0.05. 

Of the patients with a dominant right system 
undergoing aortic valve replacement, 15 were women 
and 30 were men; their ages ranged from 35 to 79 years 
(mean 61 + 1.4 years). The measured aortic gradient 
was 70 + 4.9 mm Hg and the calculated valve index was 
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FIGURE 3. Tabulation of the course of 69 patients with aortic stenosis 
who underwent aortic valve replacement (AVR) showing the incidence 
of perioperative myocardial infarction (P-O Ml) in patients with left 
dominance (LD), balanced (BAL) and right dominant (RD) coronary 
systems as well as in those with associated coronary artery disease 
(ASSOC. CAD). AC = aortocoronary; p = probability. 


0.38 + 0.03 cm?/m?. Thirty-eight of the 45 patients had 
electrocardiographic criteria for left ventricular hy- 
pertrophy with associated ST-T abnormalities. Four 
patients had significant triple vessel coronary disease, 
six had significant double vessel disease and five had 
significant single vessel disease. The calculated left 
ventricular ejection fraction was 0.61 + 0.03. 

All of these patients had severe aortic valve disease 
and there was no significant difference among groups 
in relation to age, aortic gradient, calculated valve index, 
electrocardiographic evidence of left ventricular hy- 
pertrophy, amount of coronary disease and left ven- 
tricular systolic function. Also there was no significant 
difference among groups in relation to syncope, con- 
gestive failure or angina pectoris (50 percent of the en- 
tire group had angina). 

Associated coronary artery disease: Of the 69 
patients, 20 had obstructive coronary artery disease (50 
percent or greater reduction of the luminal diameter of 
at least one major coronary artery). Each of the three 
patients with a dominant left coronary system and ob- 
structive coronary disease had a perioperative myo- 
cardial infarction (Fig. 3). None of the three had left 
main coronary artery disease. One had an aortocoronary 
bypass graft to the left anterior descending coronary 
artery and had an anterior wall myocardial infarction. 
The other two patients had significant left anterior 
descending and circumflex coronary disease and each 
had an inferior wall myocardial infarction despite aor- 
tocoronary bypass grafts to the left anterior descending 
and circumflex vessels in one and to the left anterior 
descending and diagonal vessels in the other. Fifteen of 
the 45 patients with a dominant right system had ob- 
structive coronary artery disease; 12 of these underwent 
aortocoronary bypass surgery. A perioperative myo- 
cardial infarction occurred in 3 of the 15 patients, in- 
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_ cluding 2 who had eed aortocoronary wn grafts. 
.. One of the two had isolated disease of the right coronary 
. artery and had an acute inferior myocardial infarction 
despite a graft to this artery; the other had significant 
_ triple vessel disease and had an inferior myocardial 
infarction although the left anterior descending and 
. right coronary arteries received bypass grafts. 
Perioperative infarction; The incidence of per- 
ioperative myocardial infarction was 8 of 69 (11.6 per- 
. cent). In patients with associated coronary artery dis- 
ease the incidence was 6 of 20 (30 percent), whereas in 
_ those with normal coronary arteries it was 2 of 49 (4.1 
. percent) (P <0.01). Perioperative myocardial infarction 
- occurred in 1 of 12 patients with left dominance and 
. normal coronary arteries and in 1 of 30 patients with 
_ right dominance and normal coronary arteries. There 
- was no significant difference between the incidence 
. rates of myocardial infarction in the various years of 
performance of surgery. The relation of symptoms to 
operative mortality or to perioperative myocardial in- 
_ farction was not significant. 
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Discussion 


| bar study demonstrated an increased prevalence rate 
_ (25 percent) of left coronary dominance in patients with 
isolated calcific aortic stenosis. The incidence of left 
dominance in our control patients was similar to that 
found in another angiographic study?‘ and in three 
autopsy studies.?5-?7 Recently, Higgins and Wexler?? 
_ observed an increased incidence of left dominance in 
. patients with isolated aortic stenosis (36 percent) and 
-in children with a bicuspid aortic valve (56.8 percent), 
k and called it a reversal of dominance. In their study and 
_in ours right dominance occurred in the majority of 
_ patients with isolated aortic stenosis. Roberts?? dem- 
 onstrated that the pathologic abnormality in isolated 
k aortic valve disease is most commonly a congenital de- 
- fect of the aortic valve. Our observations further support 
(he conjecture that isolated aortic stenosis and a dom- 
inant left coronary arterial system may be part of a de- 
i velopmental complex. 28 
3 . Length of main left coronary artery: Correction 
for X-ray magnification by measurement of catheter 
b diameters is not entirely satisfactory. However, our 
3 study was a retrospective one designed to compare the 
_ length of the left main coronary artery in patients with 
- isolated aortic stenosis and in a group of control subjects 
- rather than to establish standards for the length of this 
artery. Because the ratio of tube to film distance was 
E constant and that of image to film distance varied only 
_ a little, the error introduced by this factor should be 
- small and should not affect the results in a systematic 
_ fashion. Autopsy studies and other angiographic studies 
| using catheter diameter for correction of X-ray mag- 
E  nification have demonstrated left main coronary arterial 
- lengths similar to those of our study.12.15:17-1? Although 
there was no significant difference between the length 
_ of the left main coronary artery in patients with aortic 
_ stenosis and in control subjects, this artery was shorter 
_in patients with aortic stenosis and left dominance than 
_in those with stenosis and right dominance. Kronzon et 


e n 


P 9 LP 


al.!8 found in their patients with a dominant left coro- 
nary arterial system a shorter left main coronary artery 
(3.1 + 2.8 mm) than that of our patients with left dom- 
inance and aortic stenosis (6.2 + 1.3 mm). 

Perioperative myocardial infarction: Periopera- 
tive infarction occurred in 12 percent of our patients and 
accounted for 56 percent of the hospital deaths. It was 
significantly more frequent in patients with associated 
coronary disease. These findings are similar to those 
observed by others.'-96 In a retrospective study, it is 
difficult to evaluate accurately all the variables that 
might contribute to the development of perioperative 
myocardial infarction. Factors previously considered 
to be important in myocardial preservation include 
aortic cross-clamping time, perfusion time, degree of 
ventricular hypertrophy and induction of ventricular 
fibrillation.?-49-1! However, there was no difference in 
these variables between the patients who had a per- 
ioperative myocardial infarction and those who did not. 
Although only three patients had the combination of 
aortic stenosis, left dominance and associated coronary 
artery disease, all three had a perioperative myocardial 
infarction despite aortocoronary bypass grafts. Im- 
proved techniques of myocardial preservation are 
needed to prevent perioperative myocardial infarction, 
and consideration should be given to performing the 
bypass grafts before aortic valve replacement and 
maintaining myocardial perfusion through the grafts 
during valve replacement. 

The operative mortality rate in this series was 13 
percent, which is distinctly higher than the 6 percent 
operative mortality rate?? for aortic valve replacement 
at our institution. This series represents a selected 
subgroup of patients operated on from 1968 through 
1975, each of whom had a coronary angiogram per- 
formed preoperatively. Initially coronary angiograms 
were performed only in patients with suspected coro- 
nary disease but currently all patients over 40 years of 
age undergoing aortic valve replacement have coronary 
angiogram performed preoperatively. 

Clinical implications: Increased incidence of a left 
dominant coronary arterial system in aortic stenosis 
suggests that these may be associated congenital de- 
fects. In such patients, the length of the left main cor- 
onary artery is shorter than in those with right domi- 
nance and there is an increased risk of perioperative 
myocardial infarction in those who have associated 
coronary artery disease. 

The incidence of perioperative myocardial damage 
can be reduced by better identification of risk factors 
and by use of more reliable methods of myocardial 
preservation. Preoperative information about coronary 
arterial anatomy may be helpful in planning the use of 
coronary perfusion and other myocardial preservation 
techniques during surgery. 
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Body Surface Isopotential Mapping 


Body surface isopotential maps obtained from 28 patients with old inferior 
wall myocardial infarction were compared with maps from 120 normal 
subjects. The 12 lead electrocardiogram of 8 of the 28 patients (29 per- 
cent) with inferior wall infarction was normal or showed only nondiagnostic 
ST-T wave abnormalities at the time the isopotential maps were ob- 
tained. 

In all patients with inferior wall infarction the isopotential map showed 
a minimum (area of negative potentials) on the inferior or right thoracic 
surface during the early portions of the QRS complex. This finding was 
observed in patients with normal or nonspecific abnormalities in the 12. 
lead electrocardiogram as well as those with QRS abnormalities. By 
contrast, the minimum during the early QRS complex in normal subjects 
was located on the right upper back and shoulder region. 

The body surface isopotential map may therefore be a useful clinical 
tool for detecting the approximately 25 percent of patients with previous 
inferior infarction whose electrocardiogram ultimately returns to normal 
or becomes nondiagnostic for the previous infarction. It contains infor- 
mation not available in the 12 lead electrocardiogram that may be useful 
in diagnosing various cardiac states in addition to inferior myocardial 
infarction. 


The 12 lead electrocardiogram is a major tool for diagnosing acute and 
old myocardial infarction, but its limitations are well known. One of these 
is that in approximately 25 percent of patients with inferior wall in- 
farction the 12 lead electrocardiogram ultimately becomes normal or 
shows only nonspecific abnormalities.! In this study we determined the 
thoracic surface potential changes that occur with old inferior wall 
myocardial infarction and examined the possibility that isopotential 
mapping from a large number of electrodes might show evidence of old 
inferior wall infarction when the 12 lead electrocardiogram failed to do 
so. A total of 192 electrodes were used in our study, but other data?-4 
suggest that similar information can be obtained with approximately 
30 electrodes at appropriately selected body surface sites. 


Materials and Methods 


Patients: One hundred patients with old myocardial infarction and 120 
normal subjects were studied with multiple lead body surface isopotential 
mapping. All patients were members of the Coronary Drug Project at the Uni- 
versity of Utah. The criteria for admission to that study have previously been 
published.? Of the 100 patients with old myocardial infarction, 28 patients had 
previous electrocardiographic evidence of isolated inferior wall myocardial in- 
farction. In eight of these (29 percent) the most recent electrocardiogram was 
normal or showed only nonspecific ST-T abnormalities even though earlier 
electrocardiograms clearly indicated acute inferior infarction. 

Body surface isopotential maps: Maps were obtained by computer pro- 
cessing of 192 simultaneously recorded electrocardiographic signals from chest 
electrodes. The details of the recording and processing system have previously 

~~ 
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FIGURE 1. An example of the 192 simultaneous elec- 
trocardiographic signals recorded from a single cardiac 
cycle. The subject was an apparently normal 36 year old 
man. The top of the display corresponds to the level of 
*the jugular notch, the bottom of the display to the level 
of the umbilicus. The middle of the display corresponds 
to the sternal midline. The right and left edges correspond 
to the right and left paraspinous lines. 


been described. Briefly, the maps were obtained using mul- 
tiplexing hardware designed and built in our laboratory. The 
data from each of the 192 simultaneously recorded thoracic 
electrocardiograms were sampled at a rate of 1,000 hertz. Each 
of six time division multiplexers switched 32 electrocardio- 
graphic channels on to one of seven channels of a wide band 
frequency modulated instrumentation tape recorder moving 
at a rate of 120 inches/sec (305 cm/sec). The seventh channel 
contained timing information needed for subsequent de- 
multiplexing. The recorded data were later played back at 7.5 
inches/sec (19 cm/sec), digitized by computer and processed 
to remove baseline drift and amplifier offset and to adjust 
gain. The electrodes, containing conductive jelly, were placed 

- circumferentially around the chest from the level of the jug- 
ular notch to the level of the umbilicus. They were equally 
spaced on unprepared skin as 16 vertical strips containing 12 
electrodes each. Figure 1 shows an example of 192 simulta- 
neous electrocardiographic signals recorded from one cardiac 
cycle. Isopotential plots of the 192 signals were made at in- 
tervals of 1 msec during the QRS complex and at intervals of 
5 msec during the S- T and T waves, with a sensitivity of 100 
uv/line (Fig. 2). The set of maps from each subject was filmed 
on 16 mm film, and the series of maps was viewed frame by 
frame. 

Analysis of the isopotential maps was performed by visual 
observation of the location, shape and magnitude of the areas 
of positive and negative potentials and the distribution and 
movement of these potentials during the electrical cycle. 
These map features were compared with those observed in 
maps from our map library of 120 subjects who had a normal 
electrocardiogram and no known cardiac disease. 


Results 


Normal subjects: In all 28 patients with old inferior 
wall infarction the pattern of electrical distribution in 
the body surface map differed from that of normal 
subjects. The usual body surface distribution of elec- 
trical potentials in normal subjects has previously been 
— described.?-? In the maps of the 120 normal subjects in 

our study the initial portion of the QRS complex was 
represented by a maximum (an area of positive poten- 
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tials) in the center and left precordial area of the chest 
(Fig. 3A). This was followed by a minimum (area of 
negative potentials) beginning in the right upper back 
and shoulder area (Fig. 3B), which then developed into 
a strong minimum that moved down on the anterior 
portion of the chest, displacing the maximum further 
to the left (Fig. 3C). Occasionally, the minimum began 
in the lower left flank and back area, but persisted only 





FIGURE 2. An example of the simultaneous potentials recorded from 

the 192 electrode sites at one instant during the QRS complex of a 

normal subject. The top of the map display corresponds to the level of 

the jugular notch and the bottom of the display to the level of the um- 

bilicus. A represents the sternal midline. B and B' represent the location 

of the right and left midaxillary lines, respectively. C and C' represent 

columns of electrodes placed along the right and left paraspinal areas, 

respectively. A reference electrocardiographic lead is shown at the 

top of the figure. The vertical line through the QRS complex indicates | 
the time during the QRS when the potentials were sampled. 
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_ afew milliseconds in this position before becoming lo- 
. cated in the right upper back and shoulder region. When 
- the initial minimum developed in this manner, a Q wave 


-— was present in leads II, III and aVF of the conventional 


- electrocardiogram. Fifteen of the 120 normal subjects 


had Q waves in these leads with a duration of 0.02 sec- 


ond or greater; all of these subjects had a map pattern 
typical of those described for the normal subjects. None 
. had a Q wave of 0.04 second duration or greater. 


The chest potential distribution associated with these 
normal Q waves is shown in Figure 3. The 12 lead electrocar- 


— diogram shows small narrow Q waves in leads II, III and aVF. 
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FIGURE 3. The 12 lead electrocardiogram and three 
representative map frames from the early QRS complex 
of a normal subject. A, B and C show isopotential plots 
of the 192 signals at approximately 10, 20 and 30 msec, 
respectively, into the QRS complex. 


The map shown in Figure 3A, several milliseconds after the 
onset of the QRS complex, shows the normal maximum in the 
center and left precordial area of the chest; both shoulder 
regions are in areas of positive potentials. The region near the 
left hip and the lateral and posterior areas of the left side of 
the chest are in a low amplitude minimum. The next map 
frame (Fig. 3B), approximately 10 msec later, shows that the 
area of the left hip and flank is now in a maximum, which is 
more intense than the shoulder area. An R wave instead of a 
Q wave would now be inscribed in leads II, III and aVF. Thus, 
the duration of the potential distribution responsible for the 
Q waves was short, and narrow Q waves were seen in the 
electrocardiogram. This pattern of a central-left precordia! 


FIGURE 4. The 12 lead electrocardiogram and repre- 
sentative map frames from a patient with old inferior 
myocardial infarction. The electrocardiogram demon- 
strates deep and wide Q waves in leads II, Ill and aVF, and 
repolarization abnormalities in those leads. A, B and C 
are map frames at approximately 10, 20 and 30 msec, 
respectively, into the QRS complex. These early map 
frames show abnormal development of the negative pole 
from the inferior portion of the map. D 
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FIGURE 5. The electrocardiograms and early QRS map 
frames from a patient with old inferior myocardial in- 
farction. A recent electrocardiogram (January 21, 1974) 
demonstrates no evidence for a previous inferior in- 
farction. A tracing from August 24, 1968 shows S-T 
segment elevation and Q waves in leads Il, Ill and aVF, 
indicating acute inferior wall infarction. A, B and C show 
map frames at approximately 10, 20 and 30 msec, re- 
spectively, into the QRS complex, and demonstrate the 
abnormal negative pole development from the entire right 
side of the thorax. 


maximum and a right upper back-shoulder minimum in the 
first 30 to 40 msec of the QRS complex was seen in all normal 
subjects. 


Patients with inferior infarction: In this group an 
initial maximum in the body surface map developed 
normally. Development of the minimum differed from 
that of normal maps and was consistent in patients with 
inferior wall infarction. The minimum usually began 
diffusely in the inferior portion of the chest, or the entire 
right side of the chest, and persisted for the initial 20 to 
40 msec or longer. In some patients, several msec later, 


FIGURE 6. The 12 lead electrocardiogram and early QRS 
map frames from a patient with old inferior wall infarction. 
Electrocardiograms from 1959 demonstrated an acute 
inferior infarction. The current electrocardiogram, shown 
at upper left, is normal, demonstrating narrow Q waves 
in leads II, Ill and aVF. A, B and C represent map frames 
from approximately 10, 20 and 30 msec, respectively, 
into the QRS complex. The abnormal negative pole de- 
t from the inferior and right portions of the 

@horax is demonstrated. 
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the major portion of the minimum moved upward to the 
right back and shoulder in a manner similar to that seen 
in normal subjects. In all 28 cases, however, the devel- 
opment of the minimum during the early portions of the 
QRS complex was markedly different from that of the 
normal subjects. This group included the eight patients 
whose current 12 lead electrocardiogram was normal or 
had become nondiagnostic for old infarction. 


Figures 4, 5 and 6 compare the electrocardiograms and the 
isopotential maps of three subjects in the study and illustrate 
the differences between normal subjects, patients with old 
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ead abnormalities and patients with old inferior wall infarc- 
_ tion whose conventional electrocardiogram has returned to 
de normal. In Figure 4, the map from a patient with persistent 
E electrocardiographic abnormalities of old infarction shows a 
fiz broad minimum developing from the inferior portion of the 
_ chest. In Figure 5, from a patient whose electrocardiogram has 
M returned to normal, the map shows an abnormal development 
Bg of the minimum from the inferior and right side of the chest 
E with a broad minimum progressing from the entire right side. 
Figure 6 shows the map from a patient whose 12 lead elec- 
trocardiogram i is now normal but shows small narrow Q waves 
| i in leads II, III and aVF, similar to those in the electrocardio- 
A gram from the normal subject shown in Figure 3. The map 
_ from this third patient also shows an abnormal minimum 
v beginning diffusely over the inferior thorax, and then devel- 
 oping from the entire right side of the thorax. 


p 
M. 
hk 
E inferior wall infarction with persistent diagnostic ERT WER 
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b | Discussion 
E- Our results provide evidence that electrocardio- 
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graphic examination with a larger number of electrodes 
E may permit recognition of old inferior wall infarction 
E when the conventional 12 lead examination does not. 
_ The isopotential maps in this study were obtained from 
ir 192 electrode sites; however, much of the information 
— obtained was undoubtedly redundant. It seems likely 
_ that similar information can be obtained from a con- 
-siderably smaller and more clinically practical number 
— of electrodes.?-* Figure 7 compares frames from a 192 
r lead map with those from a 32 lead map, demonstrating 
that a smaller number of sampling sites can yield the 
_ same data as the larger electrode array. Our findings do 
. not elucidate the physiologic mechanisms by which 
some old inferior infarcts are manifested by deep wide 
i - Q waves in leads II, III and aVF whereas other are not. 
- They do demonstrate the differences between groups 
-— of patients with and without old infarction in terms of 
P total body surface potential distribution. 
. Patients with old infarction, with and without QRS 
he ralitioe i in the 12 lead examination, had an ab- 
E normal minimum on the inferior or right thoracic sur- 
face during early portions of the QRS complex. These 
4 changes, and their variation from the potential distri- 
— bution in normal subjects, are illustrated in Figures 4 
— to6 by the maps from three patients with inferior wall 
_ infraction. In the patient with persistent electrocar- 
- diographic QRS changes of inferior wall infarction (Fig. 
E 4) the body surface distribution of early QRS potentials 
reveals a broad minimum along the entire inferior 
. portion of the chest. The upper portion of the map, 
ES B responding to the arm region, shows a broad maxi- 
Fs mum. The left lower thorax portion of the map, which 
r. - would correspond to the left leg and the positive elec- 
b trode of leads II, III and aVF, is in a relatively high 
. amplitude minimum of the body surface distribution. 
- This would be associated with deep Q waves in leads II, 
E, III and aVF. The serial potential maps reveal that the 
. duration of the minimum in the inferior portion of the 
. chest is long, so that broad Q waves would be present in 
. the 12 lead electrocardiogram. 
—. Incomparison, the body surface map of the patient 
. with old infarction whose electrocardiogram has re- 
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FIGURE 7. Comparison of isopotential maps from one subject obtained 
with 192 lead (A, B, C) and 32 lead (A’, B’, C’) electrode arrays. The 
maps are from the patient with previous inferior myocardial infarction 
and a current normal electrocardiogram whose graphic data are shown 
in Figure 5. The maps were obtained during the early (A, A’) middle (B, 
B’) and late (C, C’) portions of the QRS complex. The maps produced 
by the limited lead array appear to contain information essentially 
identical to that obtained with the 192 lead system. 
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turned to normal and shows no Q waves in leads II, III 
or aVF (Fig. 5) demonstrates a broad maximum on the 
left side of the chest with the lower left thorax in the 
maximum, and the right and left arms in a lower am- 
plitude portion of the maximum. Within a few milli- 
seconds the right shoulder region is in a minimum and 
the magnitude of the left shoulder portion of the max- 
imum is less than the magnitude of the left lower chest 
area. Consequently, Q waves would not be expected in 
leads II, III and aVF. 

The electrocardiogram from the third patient (Fig. 
6) is also normal but demonstrates narrow Q waves in 
leads II, III and aVF. The early map frames show a 
broad minimum occupying the entire inferior portion 
of the thorax. The minimum then moves to occupy the 
entire right side of the thorax. Although the magnitude 
of the minimum is low and the duration of the minimum 
in the left lower portion of the thorax is short, so that 
narrow Q waves of small amplitude occur, the distri- 
bution of electrical potentials is distinctly different from 
that seen in the map from the normal subject whose 
electrocardiogram showed small Q waves. The total 
distribution and movement of the body surface poten- 
tials in these two patients whose electrocardiograms 
have returned to normal are very different from those 


` 


of the normal subjects and are similar to those of pa- 
tients with persistent 12 lead electrocardiographic ab- 
normalities of inferior wall infarction. Thus, the total 
distribution of body surface potentials during the car- 
diac cycle can be abnormal even though the potential 
distribution as observed by limited leads may still be 
normal. 

Clinical application: The body surface isopotential 
map has been shown to reveal characteristic information 
regarding inferior wall myocardial infarction.!?.!! In 
addition, it appears to remain characteristic for inferior 
wall infarction even when the 12 lead electrocardiogram 
is normal. These findings require confirmation in larger 
numbers of patients, and practical clinical application 
would be facilitated by a smaller number of electrodes 
at selected sites. In the meantime, our results provide 
evidence that the diagnosis of old inferior wall infarction 
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can be improved by more extensive examination than 
is provided by the 12 lead electrocardiogram. Our 
finding that the body surface isopotential map contains 
diagnostic information that is not available in the 12 
lead electrocardiographic examination may prove 
clinically useful in cardiac states in addition to inferior 
wall infarction. 


Addendum 


After submission of our paper, a report by Flowers et al.!? 
emphasized map abnormalities during the mid and late por- 
tions of the QRS complex in patients with recent (2 to 4 weeks 
old) myocardial infarction. The finding of mid and late acti- 
vation abnormalities, in conjunction with the early activation 
abnormalities described in our paper, further emphasizes that 
surface potential mapping provides diagnostic information 
that is not available from the conventional electrocardio- 
gram. 
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Effect of Revascularization on Clinical Status and Survival 


Four hundred consecutive patients, 80 percent of whom had multiple 
vessel obstruction, received a single internal mammary artery graft (121 
patients) alone or combined with vein grafts (279 patients) in 1971 and 
1972. Four patients died during or within 30 days of the operation. Sixteen 
patients had intraoperative infarction; three died. Arteriography was 
performed postoperatively (mean 12 months) in 254 patients, and 248 
of 261 internal mammary artery grafts (95 percent) and 195 of 237 vein 
grafts (82 percent) were patent. Follow-up was complete (mean interval 
38 months); all 80 patients with single vessel disease are alive, and the 
3 year survival rate for patients with double and triple vessel disease was 
98.7 and 94.4 percent, respectively. Comparison of longevity of 741 pa- 
tients who had received vein grafts in 1967 to 1970 with that of 400 pa- 
tients with internal mammary artery grafts (1971 to 1972) indicates 
greater survival for the recent series (P <0.004). Factors responsible for 
improved survival include (1) reduced operative mortality, (2) fewer in- 
traoperative infarctions, (3) more complete revascularization, and (4) 
higher patency rate of the internal mammary artery graft. 


The evolution of a successful cardiac operation affords greater operative 
safety, increased alleviation of symptoms and conclusive evidence of 
prolonged survival. Since the inception of coronary bypass grafting, a 
reduced surgical risk and consistent relief of angina pectoris have been 
recognized; however, increased longevity has been largely presumptive 
and considered probable only for patients with multiple vessel disease. 
The increased knowledge and technical proficiency gained after nearly 
a decade of patient selection and operative procedure should have a 
positive effect on both the late clinical results and long-term survival. 

One technical innovation, the internal mammary artery graft, has 
added perspective to the role of myocardial revascularization. First 
popularized in the United States in 1968,! this graft is now widely ac- 
cepted for use in the anterolateral left ventricular wall vessels. 

In a 5 1/2 year experience with such grafting, we have noted a uni- 
formly high rate of patency and abatement of symptoms similar to that 
of the vein graft procedure. To gauge the overall effect of revascular- 
ization with the internal mammary artery we examined results of the 
first 400 patients who underwent such grafting as the sole procedure or 
in combination with saphenous vein grafts. These patients were surveyed 
for their clinical status, angiographic results and longevity. The purpose 
of this review is to report all facets of internal mammary artery grafting 
and to compare this more recent series (1971 to 1972) with the initial 
direct myocardial revascularization experience (1967 to 1970) from the 
same institution. 

N 
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Patient Material and Methods 


Patients: From January 1971 through January 1973 (25 
months) 400 patients received internal mammary artery grafts 
either as the sole procedure or in combination with one or 
more saphenous vein grafts. Of the 400 patients, 360 were men 
and 40 were women (9:1), aged 31 to 70 years (mean 52 years). 
Preoperative functional classification according to the New 
York Heart Association criteria? recorded 18 (4.5 percent) in 
class I, 170 (42.5 percent) in class II, 145 (36 percent) in class 
III and 67 (17 percent) in class IV. The indication for bypass 
surgery in these patients was angina pectoris due to angio- 
graphically documented severe coronary atherosclerosis. Only 
18 patients (class I) were asymptomatic at the time of arteri- 
ography. The only strict contraindication was severe left 
ventricular dysfunction with predominant symptoms of 
congestive heart failure. 

Obstruction of the coronary artery was considered severe 
when narrowing exceeded an estimated 70 percent in luminal 
diameter as shown in the coronary cinearteriogram. According 
to these criteria, 80 patients (20 percent) had single vessel 
disease, 159 (40 percent) had double vessel disease and 161 
(40 percent) had triple vessel disease. As estimated subjec- 
tively from preoperative angiocardiograms, normal left ven- 
tricular contraction was found in 223 patients (56 percent) and 
segmental dyssynergy (hypokinesia, akinesia or dyskinesia) 
in 173 patients (43 percent). Severe diffuse impairment of left 
ventricular contraction with left ventricular end diastolic 
pressure greater than 25 mm Hg was noted in four patients 
(1 percent). 


400 INTERNAL MAMMARY ARTERY (IMA) GRAFT OPERATIONS 
JAN.,1971 TO JAN,,I973 


121 SINGLE IMA GRAFTS P ra 


LAD Cx 
I3 #5 


185 SINGLE IMA GRAFTS AND SINGLE SAPHENOUS VEIN GRAFTS 


Circumflex RCA 
98 68 


7T| SINGLE IMA GRAFTS AND SAPHENOUS VEIN GRAFTS TO Diag. 


Cx & * 
Cx and RCA Oth Other Combinations 
56 Io + 5 


23 SINGLE OR DOUBLE IMA GRAFTS WITH 


IMA and Other Procedures 
4&— — l6 


A MK and 3 Grafts 
7 


FIGURE 1. Classification of the initial internal mammary artery graft 
operations in the 25 months beginning in January 1971. Of 121 single 
grafts (top bar), 113 (93 percent) were to the left anterior descending 
(LAD) coronary artery. The remaining bars indicate the coronary vessels 
that received the various vein graft combinations. An internal mammary 
artery graft was used in combination with a single vein graft in 185 
patients (second bar) and in combination with two or more vein grafts 
in 71 patients (third bar). Twenty-three patients had single or double 
internal mammary artery grafts in combination with various operations 
including scar excision (fourth bar) . Nine patients had bilateral internal 


. mammary artery grafts. Multiple grafts were constructed in 279 patients 


(70 percent). Cx — left circumflex coronary artery; Diag. — diagonal 
branch; LAD = left anterior descending coronary artery; Oth. = other; 


-RCA = right coronary artery. 


Operative procedures (Fig. 1): Attempts to revascularize 
were considered complete when grafts were placed distal to 
all coronary lesions estimated to be more than 70 percent 
obstructive in a dominant right, left anterior descending, 
major diagonal branch, left circumflex or major circumflex 
branch coronary artery. When the left main coronary artery 
had more than 70 percent narrowing, bypass to both the an- 
terior descending and circumflex branches was required for 
completeness. In patients who had a balanced or nondominant — 
right coronary arterial distribution, the right coronary artery 
was excluded from evaluation. The entire classification for | 
completeness of revascularization was defined previously.” 
According to these criteria, 266 patients (67 percent) were 
recipients of a complete operative attempt. Complete opera- 
tive attempts were recorded in all patients with single vessel. 
disease, 118 of 159 (74 percent) with double vessel disease and 
68 of 161 (42 percent) with triple vessel disease. 

Included in the series are three patients who idend í; 
internal mammary artery grafting as a reoperation. One of the 
three had received three vein bypass grafts 4 months earlier, 
but the graft to the left anterior descending coronary artery 
had closed. The other two patients had had successful vein 
bypass grafting 2 and 4 years earlier but had progressive cor- 
onary atherosclerosis in nongrafted vessels. 


Results 


Morbidity and mortality: Four patients (1 percent) 
died during or within the first 30 days of operation. 
Analysis of these four operative deaths (three from 
myocardial infarction and one from stroke) revealed 
that all patients had triple vessel disease and two had 
severe left ventricular dysfunction. Postmortem ex- 
amination in the three patients who presumably died 
after intraoperative infarction disclosed evidence of old 
and recent myocardial infarction in each. | 

Serum enzyme levels (glutamic oxaloacetic trans- 
aminase [GOT], lactic dehydrogenase [LDH] and cre- 
atine kinase [CK]) and serial 14 lead electrocardiograms 
performed routinely on the 1st, 2nd and 7th postoper- 
ative days were reviewed. Intraoperative transmural 
infarction occurred in 16 patients (4 percent), 3 of whom 
died. Four patients had a documented intraoperative 
infarction within the distribution of the coronary vessel 
that received an internal mammary artery graft. Other 
complications and their respective incidence rates are 


TABLE | 


Postoperative Hospital Complications in 400 Internal 
Mammary Artery Graft Operations (1971—1972) 








Patients 

no % 
Atrial fibrillation 44 11.0 
Myocardial infarction 16 4.0 
Hepatitis 16 4.0 
Neurologic 9 2.25 
Wound infection or dehiscence 4 1.0 
Pulmonary embolus 3 0.75 
Phlebitis 3 0.75 
Gastrointestinal bleeding 3 0.75 
Respiratory insufficiency 3 0.75 
Jaundice 2 0.50 
Tracheal stenosis 1 0.25 
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“listed i in Table I. Intraoperative infarction occurred in 
_ two patients who received a single graft (2 percent), four 
patients who received double grafts (2 percent) and 10 
_who received three or more grafts (10 percent). The 
latter group includes the three patients who had docu- 
 mented infarction and died. 

Ten late deaths occurred between 2 and 45 months 
postoperatively. The causes were myocardial infarction 
.— (five cases), sudden death (witnessed within 1 hour) 
- (two cases), refractory left ventricular failure during 
_ reoperation at another hospital (one case), chronic 
. congestive heart failure (one case) and bronchogenic 
- carcinoma (one case). Eight of the 10 patients had triple 
vessel disease, but left ventricular contraction was 
. generally good preoperatively (mild hypokinesia lo- 
-  calized to one left ventricular segment was noted in 
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E five). Only two patients had substantial segmental loss 


_ of contraction, and none had severe generalized left 


d 


E both instances death was related to graft closure and 


= ventricular impairment preoperatively. Two of the 10 
s 
[ myocardial infarction. Other causes of death were as- 


patients underwent postmortem examination, and in 


signed on the basis of the attending physician's rec- 
| ords. 
Late myocardial infarction was documented in 16 
H i B batents (4 percent) including 5 of those who died in the 
late postoperative period. Four had previously received 
kia single graft, 10 had received double grafts and 2 had 
r received triple grafts. Twelve of these 16 patients had 
an incomplete operative attempt primarily because of 
— diffuse atherosclerosis, and 2 of the 16 had electrocar- 
E . diographic evidence of injury within the distribution of 
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FIGURE 2. Preoperative and postoperative functional class (New York 
i Heart Association criteria) correlated with the extent of coronary ath- 
. erosclerosis. The numbers in each class indicate the number of patients 
with single, double and triple vessel disease. Preoperatively, most 
. patients were in functional class Il or Ill. Postoperatively, 273 patients 
(71 percent) were in functional class | and 86 (22 percent) in class II. 
.. The number of patients in each category of vessel disease is based only 
on the preoperative angiographic findings. 
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the internal mammary artery graft. Subsequently, three - 
patients were reoperated on after the primary revas- 
cularization procedure, two for progressive athero- 
sclerosis in nongrafted vessels and one for closure 
(technical) of the internal mammary artery-anterior 
descending coronary artery graft. 

Symptomatic status and survival: Follow-up in- 
formation was complete for 386 long-term survivors, and 
the duration of the follow-up period ranged from 31 to 
54 months (mean 38 months). Information obtained 
from telephone contact indicated that 273 patients (71 
percent) were judged to be in New York Heart Associ- 
ation functional class I, 86 (22 percent) in class II, 23 (6 
percent) in class III and 4 (1 percent) in class IV. A 
comparison of preoperative and postoperative func- 
tional classifications correlated with the preoperative 
extent of coronary atherosclerosis documented with 
angiography (Fig. 2). A survey of postoperative activity 
disclosed that 234 patients (61 percent) were employed 
full time and 15 (4 percent) part-time; 114 (30 percent) 
are active but retired or not employed, 17 (4 percent) are 
inactive and 6 (1 percent) are disabled by cardiac dis- 
ease. 

Actuarial survival curves were calculated for the 
entire series and all curves included operative and late 
deaths (Fig. 3). The composite actuarial survival rate 
was 98.3 percent at 1 year, 97.5 percent at 2 years, 97.0 
percent at 3 years and 96.5 percent at 3 1/2 years. After 
3 years all 80 patients with single vessel disease were 
alive, and survival rates for cohorts of 154 patients with 
double vessel disease and 152 patients with triple vessel 
disease were 98.7 and 94.4 percent, respectively. 

Postoperative coronary arteriography: Coronary 
arteriography was performed in 254 of 396 hospital 
survivors (64 percent) from 1 week to 38 months (mean 
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FIGURE 3. Survival curves for 400 patients separated into those with 
preoperative involvement of one, two or three vessel disease. All 80 
patients with single vessel disease survived an average follow-up of 
38 months, and the actuarial survival curves for patients with double 


and triple vessel disease were calculated to 42 months. Of the 154 - 


patients with double vessel disease, 98.7 percent survived, whereas 
of the 152 patients with triple vessel disease followed up for up to 42 
months 94.4 percent are alive. 
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12 months) after operation. Of 261 internal mammary 
artery grafts, 248 (95 percent) were patent. In contrast, 
only 195 of 237 (82 percent) associated saphenous vein 
grafts were open (Table II). Single internal mammary 
artery grafts displayed essentially the same patency as 
those associated with vein grafts. Of 69 single internal 
mammary artery grafts restudied, 65 (94 percent) were 
patent, whereas 178 of 186 (96 percent) internal mam- 
mary artery grafts combined with vein grafts were 
patent. Five of six (83 percent) of the internal mammary 
artery grafts in the aortocoronary position? (free grafts) 
were patent. Of 185 patients who received multiple 
grafts, 184 had at least one graft patent. 

Preoperative and postoperative left ventricular 
function was estimated subjectively by reviewing left 
ventricular angiograms of the 157 patients who were 
restudied after an interval of 12 or more months. Post- 
operative left ventricular contraction was unchanged 
from the preoperative assessment in 131 of 157 patients 
(83 percent), perceptively improved in 20 (13 percent) 
and worse in 6 (4 percent). The deterioration in left 
ventricular contraction was attributed to intraoperative 
or late myocardial infarction in three of the six patients 
and to closed grafts in the distribution of new impair- 
ment in two; the sixth patient sustained slight dia- 
phragmatic wall impairment without a documented 
cause. 

Twenty-three patients underwent more than one 
cardiac catheterization 5 to 36 months (mean 17 
months) postoperatively. Eighteen were restudied 
routinely 1 year after the first catheterization; 5 were 
restudied at various intervals because of a change in 
symptomatic status. Twenty-two of the 23 had no 
change in graft patency from that of the first postop- 
erative study. After 12 months one patient had closure 
of a vein graft to the right coronary artery, presumably 
because of progressive distal atherosclerosis. Seventeen 
of the 23 patients had unchanged left ventricular con- 
traction estimated subjectively, four showed new ven- 
tricular impairment and one manifested slight im- 
provement in the second postoperative arteriographic 
study. Of the four who demonstrated new impairment, 
only one had a documented infarction between post- 
operative catheterizations. 

Preoperative asymptomatic patients: Seventeen 
men and one woman were judged to be in functional 
class I preoperatively. Of the 18 patients, 7 had single 
vessel disease, 7 double vessel disease and 4 triple vessel 
disease. Ten of the 18 showed segmental left ventricular 
impairment but none had extremely poor left ventric- 
ular contraction. Their operations consisted of a single 
graft in 11, double grafts in 5 and triple grafts in 2. No 
operative or late deaths occurred, and 17 of the 18 pa- 
tients remain in functional class I (one patient is now 
in functional class II). All are active, and 13 are em- 
ployed. Thirteen underwent postoperative arteriogra- 
phy. Twelve of 13 internal mammary artery grafts and 
6 of 6 saphenous vein grafts were patent after an average 
. of 13 months. 

Results in women: Of the 40 women in the series, 13 
(33 percent) had single vessel disease, 16 (40 percent) 


L 
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TABLE Il 


Postoperative* Arteriographic Findings in 254 of 400 
Patients With Internal Mammary Artery Grafts 
(1971—1972) 





Internal Mammary 





Artery Grafts Vein Graft 
no. no. 
Artery Grafted Total no. Patent Total no. Patent 
Left anterior 227 215 12 12 
descending 
Diagonal 24 24 6 4 
Left circumflex 8 8 127 105 
Right coronary 2 1 92 74 
Total 261 248 237 195 
(95%) (82%) 





* Mean interval 12 months. 


double vessel disease and 11 (27 percent) triple vessel 
disease. Normal left ventricular contraction was noted - 


preoperatively in 26 (65 percent) and segmental im- 
pairment in 14 (35 percent). Single grafts were con- 
structed in 18, double grafts in 18 and triple grafts in 
four. A complete operative attempt was recorded in 27 
(68 percent) of the 40 women. No operative deaths oc- 


curred, but three women (8 percent) had an intraoper- - 


ative myocardial infarction and two had a late docu- 
mented infarction (fatal in one). Overall, one woman 
died 2 months postoperatively from myocardial in- 
farction and cardiogenic shock. A survey of the clinical 
results reveals that fewer women than men were in 
functional class I category postoperatively. When last 
observed, 19 women (49 percent) were asymptomatic, 


15 (38 percent) were in class II, 4 (10 percent) in class - 


III and 1 in class IV. Nineteen women were restudied 
(20 catheterizations) 1 to 34 months (mean 15 months) 
postoperatively. Eighteen of 19 (95 percent) internal 
mammary artery grafts and 9 of 13 (69 percent) saphe- 


nous vein grafts were patent. Sixteen of 19 patients — 
restudied showed unchanged left ventricular contrac- 


tion, 2 had new localized impairment and 1 showed 
improvement in contraction compared with the pre- 
operative study. 

Symptoms correlated with completeness of re- 
vascularization: Completeness of revascularization 


was assessed on the basis of both completeness of the | 
operative attempt and angiographically documented | 


graft patency. The records of 246 of the 254 patients 


who underwent postoperative angiography were re- 


viewed for this correlation. The three patients reoper- 


ated on, the four who subsequently died and the patient - 
with incomplete postoperative angiography were ex- - 
cluded. When revascularization was complete [that is, 


all significantly obstructed coronary arteries received 
bypass grafts and the grafts were open], 108 (76 percent) 
of 142 patients were considered to be in functional class 
I at the time of postoperative catheterization. For the 


entire category of incomplete revascularization (that is, - 


an incomplete operative attempt or one or more closed | 


grafts), 61 (59 percent) of 104 patients were considered 
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.. FIGURE 4. Postoperative functional class (New York Heart Association 

.. criteria) of 246 patients who underwent postoperative coronary arte- 
B i _ riography. Functional class was correlated with completeness of re- 
^ ^ vascularization on the basis of completeness of operative attempt and 
. graft patency. Of patients who received grafts to all severely obstructed 


a vessels and had patent grafts on angiography (complete revascular- 
y. - ization), 76 percent were considered to be in class |. This figure com- 


= pares with the 59 percent of patients in class | after incomplete re- 

vascularization (P <0.005). The group with incomplete revascularization 

- is also classified into categories of incomplete operative attempt and 
yedmpiete revascularization because of graft closure. 


» È Ho be in functional class I postoperatively (Fig. 4). In 48 
gi patients categorized as having incomplete revascular- 
- ization because of closed grafts, 24 (50 percent) were in 
Aem functional class I. Among those with incomplete re- 


: ot. 37 of 56 patients (66 percent) were in functional 
. class I postoperatively. 

E Progression of atherosclerotic narrowing in the 
a native coronary circulation: Such progression was 
ve ssessed in the 157 patients who underwent angiogra- 
| phy at least 12 months postoperatively (Table III). 
. Because individual variability is well known in esti- 


. mating percent of coronary obstruction, we recorded 
T progressive occlusion only when the arterial lesion 


» ~ operation and postoperative arteriography. Of 161 ar- 
» -teries that received internal mammary artery grafts, 41 
hi were totally occluded preoperatively. In the other 120 
og: stenotic but not completely obstructed coronary arteries 
Be that received such grafts, progression to total proximal 
3 _ obstruction occurred in 40 (33 percent). In 160 vessels 
_ that received saphenous vein grafts, 40 were totally 
K -occluded preoperatively and 120 were reassessed for 
3 progressive disease; 55 of these (46 percent) stenotic 
coronary arteries manifested progression to total oc- 
-clusion in the proximal segment of the vessel. Of the 
x ungrafted coronary arteries, 179 major vessels were 
. assessed, 30 of which were totally occluded preopera- 
f tively. Only 6 of the 149 (4 percent) ungrafted vessels 
showed progression to total obstruction and 143 showed 

. no progression. 
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TABLE III 


Progression of Coronary Atherosclerosis in 157 Patients 
Studied 12 Months Postoperatively 





Progression to 





Coronary Total Obstruction No Pro- 

Graft Arteries gression 
Performed (no.) no. 96 (no.) 
IMA to LAD 120 40 33 80 

Vein graft 

RCA 43 25 58 \ 18 
LCx 66 27 (46%) 39 
LAD 7 3 43 4 
Diagonal 4 0 0 4 
Ungrafted 149 6 4 143 


arteries 





IMA = internal mammary artery; LAD = left anterior descending 
coronary artery; LCx = left circumflex coronary artery; RCA = right 
coronary artery. 


Discussion 


Guidelines and contraindications: Since the first 
internal mammary artery graft procedure was per- 
formed at the Cleveland Clinic in 1971, specific guide- 
lines have evolved. These relative contraindications 
were established within the first year. Usually internal 
mammary artery grafting was not performed in patients 
over age 65 years because of a greater incidence of pe- 
ripheral atherosclerosis in this population. Similarly, 
patients with extensive brachiocephalic atherosclerosis 
are not good candidates for such grafting unless patency 
of the subclavian and internal mammary arteries is 
confirmed with angiography. Although some surgeons? 
advocate the internal mammary artery for emergency 
revascularization, we find the vein graft more expedient, 
and in patients with unstable angina pectoris our vein. 
graft patency rates are comparable with those of the 
internal mammary artery graft. The major contraindi-- 
cation to internal mammary artery grafting is the 
presence of large coronary arteries or left ventricular 
hypertrophy, as in patients with hypertensive cardio- 
vascular disease or valve dysfunction. Grafts to coronary 
arteries that supply a large ventricular mass may require 
a high flow rate of 200 to 400 ml/min that the internal 
mammary artery graft cannot attain. 

Bilateral internal mammary artery grafting was 
performed infrequently in this series. The right internal 
mammary artery does not conveniently reach the mid 
and distal third of the left anterior descending coronary 
artery. Bilateral grafting incurs a greater incidence of 
postoperative bleeding, and operating time is length- 
ened proportionately. Unless the coronary vessels are 
small, we prefer to use the left internal mammary artery j 
combined with vein grafts. 

Internal mammary artery versus vein graft flow 
rate: Singh et al. noted a low level of flow in the inter- 
nal mammary artery graft of patients with increased left 
ventricular end-diastolic pressure; Flemma et al.” later 
found that the supply to demand ratio was less and flow 
correspondingly less for internal mammary artery grafts 
than for vein grafts. In our opinion, these low flow levels 





TABLE IV 


Comparison of Original (1967—1970) and Recent 
(1971—1972) Series of Myocardial Revascularization 
Operations 








1967—1970 1971—1972 

Patients (no.) 741 400 
Duration of follow-up (mo.) 

Range 36—85 31—54 

Mean 46 38 
Percent follow-up 99.9 100.0 
Median age (yr) 50 52 
Preoperative functional class (96) 

Class | 5 4.5 

Class || 48 42.5 

Class IHH 28 36 

Class IV 19 17 
Extent of disease (96) 

Single vessel 56 20 

Double vessel 31 40 

Triple vessel 13 40 
Normal left ventriculogram (96) 59 56 
Segmental left ventricular 39 43 

impairment (96) 

Diffuse left ventricular dys- 2 1 


function (severe) (96) 


recorded in the operating room are secondary to spasm 
of the internal mammary artery or technical mishap. 
Increased left ventricular end-diastolic pressure is only 
one index of poor left ventricular function and does not 
necessarily indicate compromised runoff for the dis- 
tribution of the internal mammary artery-coronary 
artery anastomosis. Flow in the internal mammary ar- 
tery is regulated directly by systemic arterial pressure 
and passively by peripheral coronary resistance. In 831 
postoperative internal mammary arteriograms per- 
formed at the Cleveland Clinic through 1975, we have 
frequently observed dilation of the artery so that its 
diameter is usually greater than that of the recipient 
coronary vessel. 

Clinically, patients who receive internal mammary 
artery grafts obtain relief of angina similar to that of 
patients who undergo the vein graft operation. Graded 
exercise testing for groups with single vessel disease who 
received single internal mammary artery grafts and 
single vein grafts proved to be patent indicates similar 
palliation for each method of myocardial revascular- 
ization.5? 

Graft patency: The 254 patients who underwent 
postoperative coronary arteriography had an internal 
mammary artery graft patency rate of 95 percent and 
an associated vein graft patency rate of 82 percent. In- 
ternal mammary artery graft patency has equaled 95 
percent or more each year for the past 5 years, whereas 
the vein graft patency rate is similar to the patency rate 
reported in this series.!? At the end of 1975 our cumu- 
lative graft patency rate for 1,208 saphenous vein grafts 
constructed to the left anterior descending coronary 
artery was 86 percent, a figure approximately 10 percent 
less than results with the internal mammary artery (P 


<0.002). The most plausible reason for this difference _ 


is the smaller discrepancy in size between the internal 
mammary artery and the recipient coronary artery. 
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FIGURE 5. A comparison of survival between the initial direct revas- _ 
cularization experience (1967-1970) and the series described herein 
(1971-1972). Ninety-three percent of the 741 patients in the 1967-1970 . 
series were alive at 36 months compared with 97 percent in the - 
1971-1972 series with internal mammary artery grafting (P <0.004). 
IMA = internal mammary artery grafting. 


Mortality: Of 14 patients who died in the early or late 
period, all but 2 had triple vessel disease and 5 had more 
than 70 percent obstruction of the left main coronary 
artery. Only 4 of the 14 patients who died had complete 
revascularization, a finding that underscores the diffuse 
nature of atherosclerosis in these patients. Intraoper- 
ative myocardial infarction was documented in an ad- 
ditional 16 patients. These early and late infarctions 
caused three operative deaths and five late deaths. In 
this series the incidence rate of late myocardial infarc- 
tion was approximately 1.3 percent per year for the 
follow-up period. | 

Survival curves and causes of improved longev- 
ity: After an average follow-up of 38 months for all pa- 
tients in the study group, the actuarial survival rate 
calculated to 42 months was 96.5 percent. It is encour- 
aging that in the first few years of follow-up, all patients 
with single vessel disease were still alive and the survival 
rate of those with double and triple vessel disease was 
98.7 and 94.4 percent, respectively. In this recent series 
(1971-1972), longevity improved in comparison with 
that of our 1967-1970 surgical experience.!! Table IV 
summarizes the clinical and angiographic characteristics 
of both series and survival curves are depicted in Figure 
5. Although preoperative left ventricular function was 
comparable in the two series, a greater incidence of 
single vessel disease was found in the earlier series. 
Emergency revascularization operations were rarely 
performed in either series. Both series of patients were 
operated on using essentially the same techniques ex- 
cept for the internal mammary artery graft. However, 
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a vast experience in ACRES UE E techniques w was 
EAE during the first 3 years and coronary bypass 
surgery has not remained static. Therefore, the im- 
proved results in later years cannot be attributed solely 
to the internal mammary artery graft. Reasons for the 
higher survival rate in this series are fourfold: (1) The 
_ operative mortality rate has decreased to 1 percent; (2) 
_ the rate of intraoperative infarction has been reduced 
 to4 percent; (3) the incidence of complete revascular- 
„ization is greater compared with the initial experience; 
and (4) the addition of internal mammary artery 


grafting has increased graft patency. 
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Internal mammary artery grafting has become a 
valuable addition to the operations for ischemic heart 
. disease. When the technique of such graft construction 
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is EARS the creait are EARS iud quite consis- 
tent. The high patency rate has favorably influenced the 
late clinical results, and thereby may contribute directly 
to improved survival. a 


Addendum 


After the initial follow-up in April through June 1975, pa- 
tients were again contacted in July 1976. Four additional 
patients had died during the intervening year. Thus, after a 
mean follow-up period of 50 months, the 4 1/2 year actuarial 
survival rate is 95 percent. | 
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* Two easy-to-take flavors 


Each effervescent tablet in solution supplies 25 


potassium as bicarbonate and citrate. 


* Convenient dosage 


indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
It is particularly useful when thiazide diuretics, cor- 
ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison's disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with gaution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 
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* Economical 


tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 
ECG for cardiac irregularities. To minimize the pos- 
sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be carefully directed 
to dissolve each dose completely in the stated 
amount of water. 


MJL54115 


Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 
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LLL ANCLEAULULY UULHEBESUVE Faliure 
Associated with Hypotension 
or Shock 


INTROPIN 


(dopamine HCI) 


Provides Patients with a 
Third Dimension of Therapy 





Intropin: a logical addition for 
hospitalized patients refractory to 
digitalis and diuretics 


When cardiac output is insufficient, or when renal blood 
flow and urine output do not respond in spite of therapy, a 
new dimension should be considered as an adjunct to the 
standard digitalis/diuretic regimen. 

Intropin (at recommended doses) may potentiate 
digitalis/diuretic therapy in two ways. First, Intropin 
exerts a positive inotropic effect which can result in 
greater cardiac output, increased renal blood flow and 
diuresis. In addition, Intropin directly stimulates “dopa- 
minergic” receptors in the E dios to cause renal dilation, 
increased urine flow and sodium excretion. 

Thus, Intropin works both indirectly and directly on the 
renal vascular beds to decrease accumulated fluids. 


Pharmacologic guidelines for adding 
Intropin to the treatment of patients 
refractory to digitalis/diuretic therapy 


Cardiac Renal Sodium 
Output Blood Flow Urine Flow Excretion 
increase only increase only X increase only 
no change if cardiac if renal if renal 
DIGITALIS . to output increases blood flow blood flow 
increase  (nodirecteffect) ^ increases increases 
4 4 t $ 
increase due 
DIURETICS no effect no effect to increased increase 
sodium excretion (direct effect) 
t ui 
increase 
l i if renal blood 
INTROPIN® increase increase increase flow increases 
above 5 2-30 — 2-30 2-30 
mcg/kg/min mcg/kg/min ^ mcg/kg/min mcg/kg/min 
+ 4 + $ 


This chart graphically demonstrates: 


1. the effects of digitalis on renal blood flow, urine output 
and sodium excretion are primarily related to cardiac 
output; 

2. diuretics, while favorably affecting urine flow and so- 


dium excretion, do not influence cardiac output or 
renal blood flow; 


3. Intropin favorably affects cardiac output at doses above 
5 mcg/kg/min and increases renal blood flow, urine 
output and sodium excretion at doses of 2 to 30 mcg/kg/ 
min, regardless of the effect of the drug on cardiac 
output. 


Intropin: a catecholamine with 
unique actions 


Intropin is a unique catecholamine that increases cardiac 

output, vital organ perfusion and urine output without 

increasing the likelihood of serious side effects. With 

Intropin, the myocardial oxygen supply/demand ratio 
pears to remain stable. 


Concurrent administration of Intropin and diuretic 
agents may produce an additive or potentiating effect. 

As with most drugs administered in serious situations, 
a key to favorable prognosis is the initiation of Intropin 
as soon as practical after the onset of unfavorable signs. 
Patients most likely to respond are those whose myocar- 
dial function, urine output and blood pressure have not 
undergone profound deterioration. 


Intropin: points about dosage 


Before administering Intropin, the physician should be — 
familiar with the effects of the drug at various dosage . 
levels (see chart) and should especially note the paradoxi- - 


cal results of Intropin at ranges of over 30 mcg/kg/min — 


increases in systemic vascular resistance plus a decrease . 
in renal blood flow and urineoutput. These norepinephrine- | 


like phenomena can be reversed, if desired, by reducing 
the dose. 

Intropin is compatible with digitalis and diuretics 
employed in the treatment of refractory congestive heart 
failure. 

Intropin must be diluted in a suitable intravenous solu- 
tion and given by I.V. drip under close medical supervision. 

The half-life of Intropin is somewhat less than 2 min- 
utes, and all effects of the drug usually dissipate within 10 
minutes after cessation of the medication. 


The effects of Intropin at 

















various dose levels 
2-5 5-30 over 30 
mcg/kg/min mcg/kg/min mcg/kg/min 
Cardiac Output n0 change increase increase 
Stroke Volume no change increase increase 
there is an initial increase 
Heart Rate no change followed by a decrease toward 
normal rate as infusion continues 
Myocardial : 
Contractility no change increase increase | 
Potential for low* low* data unavailable 
Excessive 
Myocardial coronary blood coronary blood 














Oxygen Demands flow increased flow increased 
Potential for low* * 

; W low moderat 
Tachyarrhythmias 3 3 derate 
S ue Sy stemic Slight decrease — no change to dA A 

— to no change slight increase 
Resistance 
Renal Blood Flow increase increase decrease 
Urine Output increase increase decrease 





*Low but needs monitoring 


See the following page for full prescribing information. 
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Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble in water and soluble in 
alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 

_ Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of dopamine hydrochloride 
(equivalent to 32.96 mg. of dopamine base) in Water for Injection, USP, containing 1% sodium bisulfite 
as a preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an increased cardiac 

Output. INTROPIN produces less increase in myocardial oxygen consumption than isoproterenol and 

its use is usually not associated with a tachyarrhythmia. Clinical studies indicate that INTROPIN usually 

. . increases systolic and pulse pressure with either no effect or a slight increase in diastolic pressure. 

. . Total peripheral resistance at low and intermediate therapeutic doses is usually unchanged. Blood flow 

to peripheral vascular beds may decrease while mesenteric flow increases. INTROPIN has also been 

reported to dilate the renal vasculature presumptively by activation of a "dopaminergic'"' receptor. This 

action is accompanied by increases in glomerular filtration rate, renal blood flow, and sodium excretion. 

An increase in urinary output produced by dopamine is usually not associated with a decrease in 
osmolality of the urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in the 
shock syndrome due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal 
failure, and chronic cardiac decompensation as in congestive failure. 

Where appropriate, restoration of blood volume with a suitable plasma expander or whole blood 
should be instituted or completed prior to administration of INTROPIN. 

Patients most likely to respond adequately to INTROPIN are those in whom physiological parameters, 


d 
f 


E: . Such as urine flow, myocardial function, and blood pressure, have not undergone profound deteriora- 


. . tion. Multiclinic trials indicate that the shorter the time interval between onset of signs and symptoms 
-and initiation of therapy with volume correction and INTROPIN, the better the prognosis. 


Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs by which 
adequacy of vital organ perfusion can be monitored. Nevertheless, the physician should also observe 


NU. the patient for signs of reversal of contusion or comatose condition. Loss of pallor, increase in toe 


temperature, and/or adequacy of nail bed capillary filling may also be used as indices of adequate 
dosage. Clinical studies have shown that when INTROPIN is administered before urine flow has di- 
-minished to levels approximately 0.3 ml./minute, prognosis is more favorable. Nevertheless, in a num- 
ber of oliguric or anuric patients, administration of INTROPIN has resulted in an increase in urine flow 
-which in some cases reached normal levels. INTROPIN may also increase urine flow in patients whose 
output is within normal limits and thus may be of value in reducing the degree of pre-existing fluid 
accumulation. It should be noted that at doses above those optimal for the individual patient, urine 


flow may decrease, necessitating reduction of dosage. Concurrent administration of INTROPIN and 


diuretic agents may produce an additive or potentiating effect. 


. Low Cardiac Output— Increased cardiac output is related to INTROPIN's direct inotropic effect on the 
myocardium. Increased cardiac output at low or moderate doses appears to be related to a favorable 
prognosis. Increase in cardiac output has been associated with either static or decreased systemic 
vascular resistance (SVR). Static or decreased SVR associated with low or moderate increments in 
cardiac output is believed to be a reflection of differential effects on specific vascular beds with increased 
resistance in peripheral beds (e.g. femoral) and concomitant decreases in mesenteric and renal vas- 
cular beds. Redistribution of blood flow parallels these changes so that an increase in cardiac output 
is accompanied by an increase in mesenteric and rena! blood flow. In many instances the renal fraction 
of the total cardiac output has been found to increase. Increase in cardiac output produced by INTROPIN 


— -is not associated with substantial decreases in systemic vascular resistance as may occur with isopro- 





terenol. 


. Mypotension — Hypotension due to inadequate cardiac output can be managed by administration of low 
to moderate doses of INTROPIN, which have little effect on SVR. At high therapeutic doses, INTROPIN's 
alpha adrenergic activity becomes more prominent and thus may correct hypotension due to dimin- 
ished SVR. As in the case of other circulatory decompensation states, prognosis is better in patients 
whose blood pressure and urine flow have not undergone profound deterioration. Therefore, it is sug- 
gested that the physician administer INTROPIN as soon as a definite trend toward decreased systolic 

and diastolic pressure becomes evident. 

CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 
WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachyarrhythmias 
. or ventricular fibrillation. 
Do NOT add INTROPIN to any alkaline diluent solution, since the drug is inactivated in alkaline 
- Solution. | 

= Patients who have been treated with monamine oxidase (MAO) inhibitors prior to the administration 
of INTROPIN will requiré substantially reduced dosage. Dopamine is metabolized by MAO, and inhibi- 
tion of this enzyme prolongs and potentiates the effect of INTROPIN. The starting dose in such patients 
‘should be reduced to at least one-tenth (1/10) of the usual dose. 


Usage in Pregnancy — Animal studies have revealed no evidence of teratogenic effects from INTROPIN. 
In one study, administration of INTROPIN to pregnant rats resulted in a decreased survival rate of the 
newborn and a potential for cataract formation in the survivors. The drug may be used in pregnant 
ae when, in the judgment of the physician, the expected benefits outweigh the potential risk to 
the fetus. 
: Usage in Children — The safety and efficacy of this drug in children has not been established. INTROPIN 
.. has been used in a limited number of pediatric patients, but such use has been inadequate to fully define 
proper dosage and limitations for use. Further studies are in progress. 
" PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN, hypovolemia should be fully 
.. Corrected, if possible, with either whole blood or plasma as indicated. 
. Decreased Pulse Pressure — If a disproportionate rise in the diastolic pressure (i.e. a marked decrease 
in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate should be de- 
creased and the patient observed carefully for further evidence of predominant vasoconstrictor activity, 
unless such an effect is desired. 


Printed in U.S.A. 
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surrounding tissue. Large veins of the : cubital fossa are preferred to veins in the d 
sum of the hand or ankle. Less suitable infusion sites should be used only if the patient's condition 
requires immediate attention. The physician should switch to more suitable sites as rapidly as possible. 











* 


The infusion site should be continuously monitored for free flow. 


Occlusive Vascular Disease —Patients with a history of occlusive vascular disease (for example, 
atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and Buerger's 
disease) should be closely monitored for any changes in color or temperature of the skin in the extrem- 
‘ties. If a change in skin color or temperature occurs and is thought lo be the result of compromised 
circulation to the extremities, the benefits of continued INTROPIN infusion should be weighed against 
the risk of possible necrosis. This condition may be reversed by either decreasing or discontinuing 
the rate of infusion. 






IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and necrosis in ischemic 
areas, the area should be infiltrated as soon as possible with 10 to 15 ml. of Saline solution 
containing from 5 to 10 mg. of Regitine® (brand of phentolamine), an adrenergic blocking 
agent. A syringe with a fine hypodermic needle should be used, and the solution liberally 
infiltrated throughout the ischemic area. Sympathetic blockade with phentolamine causes 
immediate and conspicuous local hyperemic changes if the area is infiltrated within 12 hours. 
Therefore, phentolamine should be given as soon as possible after the extravasation is noted. 








Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Cyclopropane or halogenated hydro- 
carbon anesthetics increase cardiac autonomic irritability and therefore may sensitize the myocardium 
to the action of certain intravenously administered catecholamines. This interaction appears to be re- 
lated both to pressor activity and to beta adrenergic stimulating properties of these catecholamines. 
Therefore, as with certain other catecholamines, and because of the theoretical arrhythmogenic 
potential, INTROPIN should be used with EXTREME CAUTION in patients inhaling cyclopropane or 
halogenated hydrocarbon anesthetics. 

Careful Monitoring Required — Close monitoring of the following indices—urine flow, cardiac output 
end blood pressure — during INTROPIN infusion is necessary as in the case of any adrenergic agent. 
ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of INTROPIN 
included ectopic beats, nausea, vomiting, tachycardia, anginal pain, palpitation, dyspnea, headache, 
hypotension, and vasoconstriction. Other adverse reactions which have been reported infrequently 
were aberrant conduction, bradycardia, piloerection, widened QRS complex, azotemia, and elevated 
biood pressure. 

DOSAGE AND ADMINISTRATION: 

WARNING: This is a potent drug: It must be diluted before administration to patient. 

Suggested Dilution — Transfer contents of one ampul (5 ml. containing 200 mg. INTROPIN) by aseptic 
technique to either a 250 ml. or 500 ml. bottle of one of the following sterile intravenous solutions: 

1) Sodium Chloride Injection, USP 5) Dextrose (5%) in Lactated Ringer's 


2) Dextrose 5% Injection, USP Solution 
3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 
(0.9%) Injection, USP Injection, USP 


4) 5% Dextrose in 0.45% Sodium 


7) Lactated Ringer's Injection, USP 
Chloride Solution 


These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
500 ml. dilution contains 400 mcg./ml. of INTROPIN 
INTROPIN has been found to be stable for a minimum of 24 hours after dilution in the sterile intra- 
venous solutions listed above. However, as with all intravenous admixtures, dilution should be made 
just prior to administration. 
Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous solutions, 
since the drug is inactivated in alkaline solution. 


Rate of Administration — INTROPIN, after dilution, is administered intravenously through a suitable - 
intravenous catheter or needle. An i.v. drip chamber or other suitable metering device is essential for 
controlling the rate of flow in drops/minute. Each patient must be individually titrated to the desired 
hemodynamic and/or renal response with INTROPIN. In titrating to the desired increase in systolic 
blood pressure, the optimum dosage rate for renal response may be exceeded, thus necessitating a 
reduction in rate after the hemodynamic condition is stabilized. 

Adminstration at rates greater than 50 mcg./kg./min. have safely been used in advanced circulatory 
decompensation states. If unnecessary fluid expansion is of concern, adjustment of drug concentration 
may be preferred over increasing the flow rate of a less concentrated dilution. 


Suggested Regimen: 
1. When appropriate, increase blood volume with whole blood or plasma until central venous pressure 
is 10 to 15 cm H,0 or pulmonary wedge pressure is 14-18 mm Hg. 
2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute INTROPIN in patients 
who are likely to respond to modest increments of heart force and renal perfusion. 

in more seriously ill patients, begin administration of diluted solution at doses of 5 mcg./kg./minute 
INTROPIN and increase gradually using 5 to 10 mcg./kg./minute increments up to 20 to 50 mcg./kg./ 
minute as needed. If doses of INTROPIN in excess of 50 mcg./kg./minute are required, it is suggested 
that urine output be checked frequently. Should urine flow begin to decrease in the absence of hypo- 
tension, reduction of INTROPIN dosage should be considered. Multiclinic trials have shown that more 
than 50% of the patients were satisfactorily maintained on doses of INTROPIN less than 20 mcg./kg./ 
minute. In patients who do not respond to these doses with adequate arterial pressures or urine flow, 
additional increments of INTROPIN may be employed in an effort to produce an appropriate arterial 
pressure and central perfusion. 
3. Treatment of all patients requires constant evaluation of therapy in terms of the blood volume, aug- 
mentation of myocardial contractility, and distribution of peripheral perfusion. Dosage of INTROPIN 
should be adjusted according to the patient's response, with particular attention to diminution of estab- 
lis^ed urine flow rate, increasing tachycardia or development of new dysrhythmias as indices for de- 
creasing or temporarily suspending the dosage. 
4. As with all potent intravenously administered drugs, care should be taken to control the rate of 
administration so as to avoid inadvertent administration of a bolus of drug. 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure elevation, 
reduce rate of administration or temporarily discontinue INTROPIN until patient's condition stabilizes. 
Since INTROPIN's duration of action is quite short, no additional remedial measures are usually neces- 
sa:y. If these measures fail to stabilize the patient's condition, use of the short-acting alpha adrenergic 
blacking agent, phentolamine, should be considered. 


HOW SUPPLIED: 5 ml. ampuls containing 40 mg. dopamine HC! per milliliter. 
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ARNAR-STONE LABORATORIES, INC. 
Mount Prospect, Illinois 60056 
A Subsidiary of American Hospital Supply Corporation 
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MONITORING. 
UNCOMPLICATED. 


"DATASCOPE 
TYPE P2 


PRESSURE MODULE 


SENSITIVITY 
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MEAN 


The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

The Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we've simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 


unique movable reference trace. 


Jt makes reading the pressure 
changes much easier, much 


TYPE L PHYSIOLOGICAL ALARM 


PHYSIOLOGIC 


AL RECORDER 


DANGER--POSSIBLE EXPLOSION HAZARD iF he 
THE PRESENCE OF FLAMMABLE ANESTHETICS. 


faster, much more accurate. 

And once the catheter has 
been passed, we ve simplified 
the job of monitoring. In fact, 
we ve taken it to the point where 
the nursing staff can handle it 
without any assistance. 


If you've gotten used to big, 


bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 
It’s extremely light, and com- 
pact. It easily fits at bedside. 
And it’s portable. You can 
move it where you need it, 





when you need it. 

So you don't have to have 
a unit for every bed, 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 
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KayCiel Elixir — KayCiel' Powder 
Each 15 ml Each Solodose* packet 
(20 mEq of potassium (20 mEq of potassium 
chloride) contains: chloride) contains: 
Calories 17 Calories 0 
Sodium Omg Sodium 0 mg 


CONTRAINDICATIONS: Impaired renal function, untreated Addison’s 
Disease, dehydration, heat cramps and hyperkalemia. 

WARNING: Do not use excessively. 

PRECAUTIONS: Administer with caution and adjust to the 

requirements of the individual patient. The patient should be checked 
frequently and periodic ECG and/or plasma potassium levels made. 
Use with caution in patients with cardiac disease. In hypokalemic states, 
attention should be directed toward the correction of the frequently 
associated hypochloremic alkalosis. 

Patients should be cautioned to adhere to dilution instructions. 
ADVERSE REACTIONS: Potassium intoxication indicated by 

listlessness, mental confusion, paresthesia of the extremities, weakness 
of the legs, flaccid paralysis, fall in blood pressure, cardiac 

depression, arrhythmias, arrest and heart block. Vomiting, nausea, 
abdominal discomfort and diarrhea may occur. 

OVERDOSAGE: In case of excessive use resulting in hyperkalemia or 
potassium intoxication, discontinue potassium chloride 

administration or take other steps to lower serum levels if indicated. 


Cooper Compliance Tip 

Help assure that your older patients take 
medications properly by printing your 
instructions in large letters. You might 
also send a copy of the instructions to the 
patient’s spouse. Please forward your 
compliance tip to Cooper Laboratories, 
300 Fairfield Road, Wayne, N.J. 07470, 
Att: W.E Cronin. 


GOOPCMaboratories, Wayne, New Jersey 07470 143-48 
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you can consult 
the foremost authorities 


in the field 


for answers 
to your questions on 


cardiac scintigraphy 


A New Book! 
PRACTICAL ATLAS OF 

CARDIAC SCINTIGRAPHY 
The rapidly expanding field of cardiac scintigraphy is 
exhaustively explored in this monumental bilingual 
(French and English) atlas. Drawing from their experience 
with 4,000 studies, the authors define the normal and 
abnormal appearances encountered in performing three 
types of studies: scintigraphy (both static and dynamic) of 
the cardiac cavity; selective coronary artery scintigraphy; 
and myocardial scintigraphy. Precise drawings and 
detailed legends, lists of techniques, and tables of 
indications complement each investigation. 


Edited by Pierre de Vernjoul; Dominique Ducassou; Robert 
Guiraud; Jacques Robert; Jean-Paul Nouel; and Henri Witz. May, 
1977. Approx. 250 pages, including 110 plates. About $57.50. 


and for your staff: 


4 New Book! 
ACUTE MYOCARDIAL INFARCTION: 
Reaction and Recovery 

This unique new book can strengthen your staff's 
understanding of how factors of stress and personality 
affect a patient's recovery from acute myocardial infarc- 
tion. The first section of the book summarizes an original 
research study and the resulting data. Concluding 
chapters offer specific clinical applications based on the 
data. Valuable discussions explore methods for 
psychological assessment of coronary patients; indica- 
tions of subsequent infarctions; and guidelines for patient 
management. 


By Rue L. Cromwell, Ph.D.; Earl C. Butterfield, Ph.D.; Frances M. 
Brayfield; and John J. Curry, M.D.; with 4 collaborators. March, 
anne 208 pages, 6%” x 934", 24 illustrations. About 


ORDER BY PHONE! 
Call (800) 325-4177 ext. 10. In Missouri call collect — (314) 
872-8370 ext. 10. 9 am to 5 pm (CST), Monday through Friday. 


A70339 


MOSBY 


TIMES MIRROR 


THE C. V MOSBY COMPANY ` 
11830 WESTLINE INDUSTRIAL DRIVE 
ST LOUIS. MISSOURI 63141 





With the addition of the moderately-priced Polytrack 
Modification any Processall gains the added flexibility of 
being able to process 4 films at any interval. Previous to 
this a Processall was capable of processing up to 4 film 
cassettes at one time. But there was a limitation. All 4 
had to be started simultaneously. And by an experienced 
operator. 

The advantages of the Polytrack OBE SION are 
obvious. The operator doesn’t have to 
wait for the first case to be finished 
before inserting the second, third or 
fourth film, or stop the machine. During 
the filming of the diagnostic procedure, 
exposed reels can be fed right from the 
camera into the Processall without 
delay. 

As for the machine itself, the fact 
that thousands of Processalls are in 
daily use at many medical research 
centers and hospitals wherever diag- 





nostic cardiology is being done says more about the unit 
than we ever could. 

And now, with the new Polytrack Modification, the 
Processall is a more efficient, more effective, more impor- 
tant diagnostic tool then ever before...at a surprisingly 
modest price. 

Without the Polytrack Modification the Processall is 
considera by many to be the best processing machine 
available for cine fluorography. With 
the addition of Polytrack the best 
becomes that much better. 

Other advantages of the Processall 
System. * Fine Grain Yield * Better Res- 
olution * Rapid Development * Fixation 
and Drying * Variable Speed and Tem- 
perature Control + Automated Proces- 
ing * Consistent Quality * 316L Stain- 
less Steel Construction. 

For more information contact us or 
your nearest Oscar Fisher dealer. 


Operator removes finished reel from machine 
while other tracks continue to be processed. 


Process up to 4 diagnostic 





films at any interval 


with Processalls 
new Polytrack Modification 


OSCAR FISHER CO., INC. 


P.O. BOX 2305 / NEWBURGH, N.Y. 12550 
TELEPHONE (914) 562-3900 


All equipment manufactured by Oscar Fisher Company, Inc., 





is on GSA Contract. 
















Echoview 80C 
makes a big difference 


seem not so big. 
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Flail mitral valve leaflets secondary to bacterial endocarditis. Left atrial myxoma. Courtesy Dr. Roberta Williams, 
Courtesy Dr. Raymond Gramiak, Strong Memorial Hospital, Children’s Hospital Medical Center, Boston, Mass. 
Rochester, New York. 





Pickers new Echoview is also provided. 
System 80C with DSA enables Further, Pickers human 
you to diagnose many of engineering concept has 
their ailments accurately, resulted in the System 80C 
easily. DSA" (Depth Selective being a highly mobile, simple- 
Amplification), developed to-operate and readily adaptable 
exclusively by Picker, allows system for maximum clinical 
you to observe individual utilization. 
cardiac structures in context System 80C is an example of 
with all structures in the Picker'synergy — the complete 
ultrasound beam. interfacing of systems and 

Therefore, DSA means you services for improved diagnos- 
focus on the diagnostically tic visualization. 
significant echoes. And to Contact your local Picker a 
further improve your representative. Or write Picker (ma 
diagnosis, the capability to Corporation, 12 Clintonville ca 
record physiological data Road, Northford, CT 06472. 





together with the echogram 


PICKER 


ONE OF THE CT. COMPANIES 


synergy 
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Quantitation of Left Ventricular Myocardial Fiber Hypertrophy and Interstitial Tissue in Human Hearts with Chronically Increased Volume and 
Pressure Overload. Valentin Fuster, Margaret A. Danielson, Richard A. Robb, James C. Broadbent, Arnold L. Brown, Jr., and Lila R. Elveback 

Distance Correction for Precordial Electrocardiographic Voltage in Estimating Left Ventricular Mass: An Echocardiographic Study. Jack D. Horton, 
Harvey S. Sherber, and Edward G. Lakatta 

Contrast Echocardiography in Single or Common Ventricle. James B. Seward, Abdul J. Tajik, Donald J. Hagler, and Donald G. Ritter 

Multiclinic Controlled Trial of Bethanidine and Guanethidine in Severe Hypertension. Veterans Administration Cooperative Study Group on Antihy- 
pertensive Agents 

Hemodynamic Effects of Dobutamine in Patients Following Open Heart Surgery. Tohru Sakamoto and Takashi Yamada 

Physiologic Evaluation of a New Antihypertensive Agent: Prazosin HCL. M. C. Koshy, Diane Mickley, Jacques Bourgoignie, and M. Donald Blau- 
fox 

The Effect of Jeujunoileal Bypass on the Pharmacokinetics of Digoxin in Man. Frank |. Marcus, Edward J. Quinn, Herschella Horton, Shannon Jacobs, 
Susan Pippin, Marvin Stafford, and Charles Zukoski 

Experience with Bretylium Tosylate by a Hospital Cardiac Arrest Team. Douglas A. Holder, Allan D. Sniderman, George Fraser, and Ernest L. Fall- 
en 


CASE REPORTS 


Asymptomatic Left Ventricular Aneurysm: A Sequela of Blunt Chest Trauma. Herbert A. Berkoff, George G. Rowe, Andrew B. Crummy, and Donald 
R. Kahn 
Fluoroscopy Generated Electromagnetic Interference in a Demand Pacemaker. Carol J. Leeds, Masood Akhtar, and Anthony N. Damato 


CLINICOPATHOLOGIC CORRELATIONS 


Coronary Arterial Origin in Persistent Truncus Arteriosus. Savitri Shrivastava and Jesse E. Edwards 
News From The American Heart Association 


Report of the Inter-Society Commission for Heart Disease Resources: Optimal Resources for Amputation Programs 
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MARION LABS ANNOUNCES WE'VE 
FINALLY CAUGHT UP WITH 
PHYSICIAN DEMAND FOR 


/ 





TRANSDERMAL OINTMENT 


NITRO-BID. 
(2% nitroglycerin) 


Imagine our embarrassment and concern when to physician, pharmacist or patient caused by this 


physician acceptance and prescribing of Nitro-Bid temporary shortage of product. 
Ointment turned out to be far in excess of our Happily, we can now say that Nitro-Bid Ointment 
| expectations! is now available in abundant supply in all areas of 
As a result, some pharmacies were not able to ^ the country. AU eS CE T 
fill Nitro-Bid Ointment prescriptions during the We pledge to keep alert to — | ——^, pnanmaceunear omision 
past two months. physician prescribing needs and. |IME MARI ON 








We sincerely apologize for any inconvenience keep pharmacies fully supplied. ^ sss city. missouri 64137 


Pacemaker 
reliability. .. 


something you both get 
from OPI , x 


For the physician, this means less frequent 
replacement and fewer problems with the pace- 
maker once it is implanted. For the patient, 

it means a higher confidence level in his physician 
and greater optimism about his potential for a 
longer, more comfortable life after surgery. 


CPI established its position of leadership among 
pacemaker manufacturers when it pioneered 

the research and development of lithium-powered 
pulse generators. Now, CPI is setting industry 
standards in pacemaker reliability. For example, 
CPI's failure rate is approximately .04% per month at 
the 90% confidence level compared to the failure 
rate of .15% per month at the 90% confidence level 
set by the Nuclear Regulatory Commission for 
nuclear-powered pacemakers. This includes all 
reported implants since CPI's first in 1972. Further. 
clinical data shows that CPI pulse generators 

have averaged more than 2 million pacing hours 
mean time between failures* CPI has pacemakers 
implanted up to 48 months and to date has not 
experienced premature battery failure. 


CPI is committed to maintaining the standards of 
excellence that made them the leader in lithium 
and reliability...standards that help CPI provide 
you with the highest quality pacemaker available. 
You can have every confidence in CPI pacemaking 
Systems...and so 
can your patients. 


...Of the 

three maior 
pacemaker 
companies, CPI 
is the leader in lithium 
and reliability. 
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CARDIAC PACEMAKERS, INC. 


4100 NORTH HAMLINE AVI 

ST. PAUL, MINNESOTA 55112 U.S.A 
TELEPHONE: (612) 631-3000 

CABLE: CARDIAPACE. ST. PAUL/TELEX 29-7049 


“Clinical data available upon request 


© 1976 Cardiac Pacemakers. Inc 








-—. theonlydiuretic 
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— InCHFtreatment... 


when diuretic-induced hyperaldosteronism 
contributes to sodium-retention and edema 


consider specific action 
Aldactone 


(Spironolactone) 









with specific 
aldosterone- 
blocking action 
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m helps avoid problems 
stemming from secondary 
di aldosteronism 


m maintains effectiveness m effective in both prevention 
over the long term* and treatment of hypokalemia, 
| thus making potassium 
supplements unnecessary! 


*See the box Warni d the Indications section of the i 
brief: summary o prescribing information an opposite " avoids extra expense/ 
. Bef ibing, pl tot t " 
prescribinginformation Pee ee ore compe usually costs considerably 
Indicated for the treatment of patients with hypokalemia, i j 
A forthe prophylaxis of hypokalemia in patients taking less than other diuretics 
digitalis, wh t j 
inadequate or inappropriate. S plus potassium supplements 





Aldactone 


(soironolactone) 25-mg. tablets 


WARNING 
Spironolactone has been shown to be a tumorigen in chronic toxicity 


studies in rats (see Warnings). Aldactone should be used only in those con- 
ditions described under /ndications. Unnecessary use of this drug should 
be avoided. 


Indications: Diagnosis and treatment of primary hyperaldosteronism. Essen- 
tial hypertension, edema of congestive heart failure and the nephrotic syn- 
drome, when other measures are considered inappropriate. Cirrhosis of the 
liver accompanied by edema and/or ascites. Hypokalemia. 

Contraindications: Anuria, acute renal insufficiency, significant impairment 
of renal function, or hyperkalemia. : 

Warnings: Excessive potassium intake may cause hyperkalemia. Potassium 
supplements should not be given with Aldactone. Do not administer concur- 
rently with other potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies 
in rats. In one study using 25, 75 and 250 times the usual daily human dose 
(2 mg./kg.) there was a statistically significant dose-related increase in benign 
adenomas of the thyroid and testes. In female rats there was a statistically sig- 
nificant increase in malignant mammary tumors at the mid-dose only. In male 
rats there was a dose-related increase in proliferative changes in the liver. At the 
highest dosage level (500 mg./kg.) the range of effects included hepatocy- 
tomegaly, hyperplastic nodules and hepatocellular carcinoma; the last was not 
statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances 
of fluid and electrolyte balance. Hyperkalemia may occur in patients with 
impaired renal function or excessive potassium intake and can cause cardiac 
irregularities which may be fatal. Hyponatremia may be caused or aggravated, 
especially when Aldactone is administered in combination with other diuretics. 
Transient elevation of BUN and/or mild acidosis may occur. Aldactone poten- 
tiates the effect of other diuretics or antihypertensive agents, particularly 
ganglionic blocking agents: therefore the dosage of such drugs should be 
reduced by at least 50 percent when adding Aldactone. Gynecomastia may 
develop and in rare instances some breast enlargement may persist. Vascular 
responsiveness to norepinephrine may be reduced. 

Spironolactone may cross the placental barrier. Use in pregnant women 
requires that the anticipated benefit be weighed against possible hazard to the 
fetus. Breast feeding should be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not infrequently. Gastrointes- 
tinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 
ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental 
confusion, drug fever, ataxia, inability to achieve or maintain erection, irregular 
menses or amenorrhea, postmenopausal bleeding, hirsutism and deepening of 
the voice. Carcinoma of the breast has been reported but a cause-and-effect 
relationship has not been established. Adverse reactions are usually reversible 
upon discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for three to four weeks 
(long test), or for four days (short test). For preparation for surgery or for long- 
term maintenance therapy, 100 to 400 mg. daily. 

For edema in adults: Initial daily dosage is 100 mg. in divided doses but 
may range from 25 to 200 mg. daily. If after five days an adequate diuretic 
response has not occurred, a second diuretic which acts more proximally in the 
renal tubule may be added. The dosage of Aldactone should remain unchanged 
when other diuretic therapy is added. 

For edema in children: Initial daily dosage should provide approximately 1.5 
mg. per pound of body weight (3.3 mg./kg.) in divided doses. 

For essential hypertension: Initial adult daily dosage of 50 to 100 mg. in 
divided doses, alone or with diuretics which act more proximally in the renal 
tubule, or with other antihypertensive agents. Continue treatment for at least 
two weeks since maximal response may not occur before this time. Adjust 
subsequent dosage according to patient response. 

For hypokalemia: 25 to 100 mg. daily in divided doses. 


SEA Searle & Co. 
RLE San Juan. Puertc Rico 00936 


Address medical inquiries to: 

G.D. Searle & Co. 

Medical Communications Department 

Box 5110, Chicago, lilinois 60680 613 





For Clinical 
Reference, 
Teaching, 
Lectures. 


Fit any 2"x2" 
Viewer or Projector 


ACTIVE COLLECTION SERIES 


O 3-5A PEDIATRIC-CONGENITAL CARDIOVASCULAR ANOMALIES 
IN INFANTS & CHILDREN 51 slides $20.00 
by John W. Hope, M.D. 


O 3-5B PEDIATRIC ELECTROCARDIOGRAPHY 50 slides $20.00 
by William J. Rashkind, M.D. 


O 2-6A ROENTGEN CARDIOLOGY OF ADULTS 
(Pt. 1) 47 slides $20.00 

C1 2-6B (Pt. 2) 51 slides $20.00 
by William T. Meszaros, M.D. 


O 2-5A SPECIAL CARDIOVASCULAR X-RAY PROCEDURES 
53 slides $20.00 
by Edward A. Fitch, M.D. 


C1 2-4 CIRCULATION OF THE LOWER EXTREMITY- ARTERIOGRAM 
METHODS & FINDINGS IN ABNORMALITIES OF THE LOWER 
EXTREMITIES 42 slides $20.00 
by S. A. Morton, M.D. 


O 2-3A PERIPHERAL VASCULAR DISEASES 
(Pt. 1) 62 color slides $24.00 

O 2-3B (Pt. 2) 60 color slides $24.00 

EJ 2-2A ELECTROCARDIOGRAPHY 
(Pt. 1) 52 slides $20.00 

O 2-2B (Pt. 2) 48 slides $20.00 

O 2-2C AN APPROACH TO VECTORCARDIOGRAPHY 48 slides 
$20.00 

O 2-2D QUANTITATIVE SPATIAL VECTORCARDIOGRAPHY (Pt. 
1) 56 slides $24.00 

O 2-2E (Pt. 2) 55 slides $24.00 

O 2-2F (Pt. 3) 56 slides $24.00 
by Travis Winsor, M.D. 


Cl 2-1 ANGIOCARDIOGRAPHY IN CONGENITAL HEART DISEASE 
50 slides $20.00 
by Charles T. Dotter, M.D. 


CHECK OFF SERIES DESIRED 
CLIP AND SEND WITH YOUR CHECK 
SATISFACTION GUARANTEED 
OR YOUR MONEY REFUNDED. 


C) ORDER DIRECT OR ASK FOR CATALOG G 


MEDICAL FILM SLIDE DIVISION 
Micro X-Ray Recorder, Inc. 
3755 West Lawrence 
Chicago, IIl. 60625 





312/478-8560 


CO: IVENTIO 44L HOLTER-T /PE 
MINUTE SCAN 


TWO- 


TWO MINUTES OF PATIENT DATA 
SUPERIMPOSED THE HOLTER/GLASSCOCK WAY. 





See us at 
The American College of Physicians’ Meeting, 
Dallas, April 18-21, 1977, Booth Number 1011/13 


©Copyright 1977 Clinical Data, Inc 
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Same patient. Same two minutes. Different reviewing 
technique. 

The display on the right is our new Stein/Peterson 
technique. It permits the examiner to hold two min- 
utes of ECG data on the screen for as long as is 
necessary to make accurate identification of arrhyth- 
mic sequences and ST segment changes, and to 
determine their temporal relationship. Any part of the 
display may be selected for print-out. 

Using the Stein/Peterson technique, Clinical Data 


prepares for the physician our new LCG™Repor-I™, 





Ll, '/PETERCOfT" 


TWO-MINUTE EXAMINATION 


THE SAME TWO MINUTES 
PRESENTED THE STEIN/PETERSON WAY 





which includes print-out on fan-folded paper : 

e Selected tracings of abnormal ECG activity; 

e Heart rate for the entire period of recording; 

e Examiner validated quantitation of ectopic activ 
by morphology; 

e A summary by Clinical Data of abnormal ECG e 
tivity to simplify interpretation by the physician. 
We have prepared a concise folder that tells 

detail all about the LCG Report-II and the Ste 

Peterson Examination Technique. For your free co 

write to us or call toll free 800-225-9180. 


Clinical Data, Inc 


ACCURATE DATA, CLEARLY REPORTI 


MR. PETER EADIE, CLINICAL DATA, INC., BOX 430, 358 CHESTNUT HILL AVE., BOSTON, MA 021 


MEDTRONIC® 5320 Atrial 
External Pulse Generator 


MEDTRONIC” 5880A External 


Demand Pulse Generator 


RLUWRYS 
MEDTRONIC 


Diagnostic and therapeutic applications of temporary atrial pacing are growing, while the reliability of tempora 
ventricular pacing continues to serve the needs of hospitals all across the U.S. In most hospitals, the safety, effica 
reliability and versatility of the MEDTRONTC® Model 5880A pulse generator has made it the preferred tempora 
ventricular pacemaker. ! 


The same manufacturing excellence and dependability of product that has 
made the 5880A so popular, has now also been applied to Medtronics 5320 


à 
Atrial External Pulse Generator. Yo Medroni 


Today, whether your patient needs temporary atrial pacing or temporary ven- 
tricular pacing, you know you can depend on Medtronic to provide it. Safely. Helping you help 
And effectively. the pacemaker patie 





The Joint National Committee 
on Detection, Evaluation, and Treatment of High Blood Pressure 
has announced these updated recommendations 
for a rational "stepped-care" approach to 
the treatment of hypertension 
(105-129 mm Hg. diastolic)" 





*Presuming inadequate control of blood pressure. 


Guidelines developed by representatives of the American Academy of Family Physicians, 
the American College of Cardiology, the American College of Physicians, 
the American Heart Association, the Veterans Administration, 
the American Medical Association, the National Kidney Foundation, 
the National Medical Association, 
and the United States Public Health Service. 


Inderal: 
(oropranolol hydrochloride) 


A second step in the control of hypertension 
Ayers 


See back page for prescribing information. 














BRIEF SUMMARY 
(For full prescribing intormation, see package circular ) 


INDERAL® 
Brand of propranolol hydrochloride 
A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSI- 
CIAN SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 
ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY 
OF THIS DRUG. 








ACTIONS 

The mechanism of the antihypertensive effects of INDERAL has not been established. 
Among the factors that may be involved are (1) decreased cardiac output. (2) inhibition 
of renin release by the kidneys, and (3) diminution of tonic sympathetic nerve outflow 
from vasomotor centers in the brain. 

Propranolol hydrochloride Gecreases heart rate, cardiac Output. and blood pressure. 
Although total peripheral vascular resistance may increase initially. it readjusts to the 
pretreatment level, or lower, with chronic usage. Earlier studies indicate that plasma 
volume remains unchanged or may decrease. However, there are certain more recent 
Studies suggesting that in the absence of sodium restriction, plasma volume may 
increase 


INDICATIONS 

sion 
INDERAL is indicated in the management of hypertension. It is uSually used in 
combination with other drugs, particularly a thiazide diuretic. INDERAL is not indicated 
for treatment of hypertensive emergencies. 
Pheochromocytoma 
After primary treatment with an alpha-adrenergic blocking agent has been instituted. 
INDERAL may be useful as adjunctive therapy if the control of tachycardia becomes 
necessary before or during surgery 

Itis hazardous to use INDERAL unless alpha-adrenergic blocking drugs are already in 
use. since this would predispose to serious blood pressure elevation Blocking only the 
peripheral dilator (beta) action of epinephrine leaves its constrictor (alpha) action 
u : 

In the event of hemorrhage or shock, there is a disadvantage in having both beta and 
alpha blockade since the combination prevents the increase in heart rate and peripheral 
vasoconstriction needed to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may be useful as an 
adjunct to the management of symptoms due to excessive beta receptor stimulation 


CONTRAINDICATIONS 

INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen 
season, 3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock. 
5) right ventricular failure secondary to pulmonary hypertension; 6) congestive heart 
failure (see WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable 
with INDERAL; 7) in patients on adrenergic-augmenting psychotropic drugs (including 
MAO inhibitors), and during the two week withdrawal period from such drugs 


WARNINGS 

CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory 
function in congestive heart failure, and inhibition with beta-blockade always carries the 
potential hazard of further depressing myocardial contractility and precipitating cardiac 
failure. INDERAL acts selectively without abolishing the inotropic action of digitalis on the 
heart muscle (/.e., that of supporting the strength of myocardial contractions). In patients 
already receiving digitalis, the positive inotropic action of digitalis may be reduced by 
INDERAL's negative inotropic effect. The effects of INDERAL and digitalis are additive in 
depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of 
the myocardium over a period of time can, in some cases. lead to cardiac failure In rare 
instances, this has been observed during INDERAL therapy Therefore. at the first sign or 
symptom of impending cardiac failure, patients should be fully digitalized and. or given a 
diuretic, and the response observed closely: a) if cardiac failure continues, despite 
adequate digitalization and diuretic therapy, INDERAL therapy should be immediately 
withdrawn; b) if tachyarrhythmia is being controlled. patients should be maintained on 
combined therapy and the patient closely followed until threat of cardiac failure is over 


IN PATIENTS WITH ANGINA PECTORIS. there have been reports of exacerbation 
of angina and. in some cases, myocardial infarction, following abrupt discontinua- 
tion of INDERAL therapy. Therefore, when discontinuance of INDERAL is planned 
the dosage should be gradually reduced and the patient carefully monitored. In 
addition, when INDERAL is prescribed for angina pectoris. the patient should be 
cautioned against interruption or cessation of therapy without the physician's 
advice. If INDERAL therapy is interrupted and exacerbation of angina occurs, it 
usually is advisable to reinstitute INDERAL therapy and take other measures 
appropriate for the management of unstable angina pectoris. Since coronary 
artery disease may be unrecognized, it may be prudent to follow the above advice 
in patients considered at risk of having occult atherosclerotic heart disease. who 
are given propranolol for other indications 















IN PATIENTS WITH THYROTOXICOSIS. possible deleterious effects from long term 
use have not been adequately appraised. Special consideration should be given to 
propranolol’s potential for aggravating congestive heart failure. Propranolol may mask 
the clinical signs of developing or continuing hyperthyroidism or complications and give 
a false impression of improvement. Therefore, abrupt withdrawal of propranolol may be 
followed by an exacerbation of symptoms of hyperthyroidism. including thyroid storm. 
This is another reason for withdrawing propranolol slowly Propranolol does not distort 
thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have 
been reported in which, after propranolol. the tachycardia was replaced by a severe 
bradycardia requiring a demand pacemaker. In one case this resulted after an initial dose 
of 5 mg propranolol 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release 
for maintenance of adequate cardiac function, beta blockade will impair the desired 
inotropic effect. Therefore, INDERAL should be titrated carefully when administered for 
arrhythmias occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of 


the heart to respond to reflex stimuli. For this reason, with the exception of pheochromo- 


cytoma, INDERAL should be withdrawn 48 hours prior to surgery. at which time all 
chemical and physiologic effects are gone according to available evidence However. in 


case of emergency surgery, since INDERAL is a competitive inhibitor of beta receptc 
agonists, its effects can be reversed by administration of such agents, e.g., isoproterenc 
or levarterenol. However, such patients may be subject to protracted severe hypote 
sion. Difficulty in restarting and maintaining the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONI 
BRONCHITIS, EMPHYSEMA), INDERAL should be administered with caution since 
may block bronchodilation produced by endogenous and exogenous catecholamin 
stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its bet 
adrenergic blocking activity, INDERAL may prevent the appearance of premonitory sign 
and symptoms (pulse rate and pressure changes) of acute hypoglycemia. This | 
especially important to keep in mind in patients with labile diabetes. Hypoglycemi 
attacks may be accompanied by a precipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not bee! 
established. Use of any drug in pregnancy or women of childbearing potential require 
that the possible risk to mother and/or fetus be weighed against the expectet 
therapeutic benefit. Embryotoxic effects have been seen in animal studies at doses abo 
10 times the maximum recommended human dose. 


PRECAUTIONS 
Patients receiving catecholamine depleting drugs such as reserpine should be close! 
observed if INDERAL is administered. The added catecholamine blocking action of thi: 
drug may then produce an excessive reduction of the resting sympathetic nervou: 
activity Occasionally, the pharmacologic activity of INDERAL may produce hypotensior 
and/or marked bradycardia resulting in vertigo, syncopal attacks, or orthostatic 
hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be 
observed at regular intervals. The drug should be used with caution in patients witt 
impaired renal or hepatic function. 


ADVERSE REACTIONS 
Cardiovascular. bradycardia; congestive heart failure; intensification of AV block 
hypotension, paresthesia of hands; arterial insufficiency, usually of the Raynaud type 
thrombocytopenic purpura 

Central Nervous System: lightheadedness; mental depression manifested by insor 
nia, lassitude, weakness, fatigue; reversible mental depression progressing to catatonia 
visual disturbances; hallucinations; an acute reversible syndrome characterized by 
disonentation for time and place, short term memory loss, emotional lability, slightly 
Clouded sensorium, and decreased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress. abdominal cramping, diarrhee 
constipation 

Allergic: pharyngitis and agranulocytosis, erythematous rash. fever combined witt 
aching and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the 
skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have 
not been conclusively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe 
heart disease, elevated serum transaminase, alkaline phosphatase, lactate dehydro 
genase 


DOSAGE AND ADMINISTRATION 
The dosage range for INDERAL is different for each indication. 
ORAL 

HYPERTENSION—Dosage must be individualized 

The initial dose is 80 mg INDERAL daily in divided doses. The dose may be increased 
gradually until optimum blood pressure response is achieved. The usual effective dose 
range is 160 to 480 mg per day. In some instances dosages of 640 mg per day may be 
required. The time course of full blood pressure response is variable and may range from 
a few days to several weeks. INDERAL is usually used in conjunction with other 
antihypertensive agents, particularly a thiazide diuretic. When INDERAL is employed as 
the sole therapeutic agent, concomitant dietary sodium restriction may be advan 
tageous. 

PHEOCHROMOCYTOMA —Preoperatively—60 mg daily in divided doses for three 
days pnor to surgery, concomitantly with an alpha-adrenergic blocking agent. 

—Management of inoperable tumor—30 mg daily in divided doses 
PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age group are too limited to permit 
adequate directions for use 
INTRAVENOUS 

The intravenous administration of INDERAL has not been evaluated adequately in the 
management cf hypertensive emergencies 
OVERDOSAGE OR EXAGGERATED RESPONSE 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE. THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED: 

BRADYCARDIA—ADMINISTER ATROPINE (0.25 to 10 mg): IF THERE IS NO 
RESPONSE TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE—DIGITALIZATION AND DIURETICS 

HYPOTENSION—VASOPRESSORS, eg., LEVARTERENOL OR EPINEPHRINE 
(THERE IS. EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE ) í 

BRONCHOSPASM—ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED 

INDERAL (propranolol hydrochloride) 
TABLETS 
No. 461—Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles of 
100 and 1,000. Also in unit dose package of 100. 
No. 464—Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 
100 and 1,000. Also in unit dose package of 100 
No. 468—Each scored tablet contains 80 mg of propranolol hydrochloride, in bottles of 
100 and 1,000. Also in unit dose package of 100 


INJECTABLE 
No. 3265—Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. The 
pH is adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 


——————————————————————————————————— 
t Moser, M., et al.: Report of the Joint National Committee on Detection, Evaluation, and 
Treatment of High Blood Pressure, a cooperative study, J.A.M.A. 237:255 (Jan. 17) 1977. 


A Ayerst Laboratories 
*| New York, N. Y. 10017 7714 


THERMODILUTION INJECTOR 
FOR GOOD CARDIAC OUTPUT MEASUREMENTS 


p-7-7---------- 


| WANT FASTER SERVICE 
| If you... Change your Address? 





_.. Need Information? 
ATTACH YOUR PRESENT ADDRESS LABEL BELOW 


* AUTOMATIC REFILLING 

* |NJECTION RATE: 7ML/SEC 

* INJECTION VOLUME: 1 TO 10ML ADJUSTABLE 
* POWERED BY COMPRESSED AIR 

* REMOTELY OR MANUALLY CONTROLLED 

* 5000 INJECTION FROM ONE AIR BOTTLE 


—— 


"CARDIOMAX'' CIRCULATORY SYSTEM COMPUTEF 


AFFIX LABEL MEASURES: 
CARDIAC OUTPUT 

MEAN TRANSIT TIME 
CENTRAL BLOOD VOLUME 
SYSTEMIC RESISTANCE 
THREE BLOOD PRESSURES 


BY 
DYE OR THERMODILUTION 


* 


*o* + * 


If you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules wil! not permit us to send your 
magazine to you without it. 





Thermodilution Cardiac Output Computer 


NAME 


"CARDIOTHERM-500" 





ADORESS 


CITY ae emer? zip 








Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
10... 





*WILL WORK WITH ANY THERMISTOR CATHETER. 
*RECHARGEABLE BATTERY-OPERATED; WILL MAKE 100 CAR 
DIAC OUTPUT MEASUREMENTS ON ONE BATTERY CHARGE. 
*AUTOMATIC MEASUREMENT AND ENTRY OF BODY TEMPERA 

TURE AND INDICATOR TEMPERATURE. 
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the landmark in angina relief, can 
also be the landmark in prevention 


of anginal attacks" 
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Indications: Based on a review of this drug by the National 


Academy of Sciences — National Research Council and/or 
other information, FDA has classified the indications as 


follows: Possibly effective: For the management, prophylaxis 
or treatment of anginal attacks. Final classification of the 





Contraindications: Recent myocardial infarction, severe 
anemia, glaucoma, increased intracranial pressure, 
idiosyncrasy, hypotension. 

Precautions: For ORAL, not sublingual, use. If blurring of 
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The Xyrel pacemaker combines the 
performance potential of 
Mecitronic's exclusive lithium power 
source with Medtronic s own 
advanced circuitry. That means isa 
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Constant Rate... 

a Medtronic Exclusive 

A constant rate for the service life of 
the Xyrel pacemaker provides a 
stable and assuring pacing rate for 
your patients; however, once the 
voltage depletes toa predetermined 
but safe level, a gradual rate 
decrease occurs tO communicate 
the need for pacemaker 
replacement. 


Constant Energy... 

another Medtronic Exclusive 
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pulse width (pulse duration) provides 
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heart as power source voltage 
decreases. Energy to provide 
stimulation Is almost the same when 
replacement Is indicated as it IS the 


first day of implant. 


The Xyrel pacemaker also offers 
many other features: 


© Small size, round shape 

e Improved EMI compatibility 
elmproved sensing amplifiers 
. And many more 


Prescribe the Xyrel pacemaker from 
Medtronic. 
it's the evolution of excellence. 
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MEDTRONIC : 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in 
patients with impulse formation or 
conduction disorders leading to brady- 
arrhythmias, tachyarrhythmias and heart 


.. block (see product labeling for detailed 


list of intended uses). 


CONTRAINDICATIONS 

There are no known contraindications to 
the use of pacing as a therapeutic 
modality for the control of heart rate. The 
patient's age and medical condition, 
however, may dictate the particular 
pacing systems and implantation pro- 
cedure used by the physician. 


. WARNINGS 


Diathermy should not be used on patients 
with pacemakers because of possible 
heat damage to electronic components. 
Electrosurgical units should never be used 
in the vicinity of unipolar pulse generators 
or bipolar pulse generators implanted in 
the unipolar mode because of danger of 
introducing fibrillatory currents into the 
heart via the implanted pulse generator/ 
lead. Pulse generators may be damaged 
by defibrillatory discharges if the paddles 
are placed over the implanted pulse 
generator. 


PRECAUTIONS 

The physician should be aware that all 
pulse generators will ultimately cease to 
function, and may fail at any time due to 
random component or battery failures 
which cannot be predicted prior to fail- 
ure. Also, that the pacing system may 
cease to function at any time due to lead- 
related problems such as displacement; 
fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper 
operation may be affected by electrical 
interference from equipment using elec- 
trical energy, or medical complications. 


SIDE EFFECTS 

Body rejection phenomena, including 
local tissue reaction, muscle and nerve 
stimulation, infection, erosion of pulse 
generator/lead through skin, transvenous 
lead-related thrombosis, embolism and 
cardiac tamponade. 
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Medtronic, Inc. 
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EXPERIMENTAL STUDIES 


Acute Blood Pressure Elevation and Ventricular Fibrillation 
Threshold During Coronary Occlusion and Reperfusion 


In the Dog 


CHARLES M. BLATT* 
RICHARD L. VERRIER, PhD 
BERNARD LOWN, MD, FACC 


Boston, Massachusetts 
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The effect of acute elevation of arterial blood pressure on the ventricular 
fibrillation threshold was examined in 19 closed chest dogs anesthetized 
with chloralose during 10 minutes of occlusion followed by abrupt re- 
perfusion of the left anterior descending coronary artery. Ventricular fi- 


brillation threshold was determined using two methods of electrical testing: | 


sequential R/T pulsing and the train of stimuli method. Blood pressure was 


increased with an intravenous injection of the alpha adrenergic stimulator - 


phenylephrine. Acute hypertension significantly diminished the enhanced 
vulnerability associated with coronary occlusion. After denervation of the 
carotid sinus and aortic arch baroreceptors, elevation of blood pressure 
failed to affect vulnerability during occlusion. In both intact and denervated 
animals, the predisposition to ventricular fibrillation after reperfusion was 
unchanged by the increase in blood pressure. It is suggested that with- 
drawal of sympathetic tone mediated by the baroreceptor reflex is the 
basis for the protection against ventricular fibrillation resulting from ele- 


vation of blood pressure. The failure of acute hypertension to alter vul- 


nerability during reperfusion suggests that the predisposition to ventricular 
fibrillation during reperfusion is due to mechanisms other than those op- 
erating during coronary occlusion. 


During the past 100 years it has been recognized that changes in arterial 
pressure can alter cardiac rhythm. Both protective and deleterious ef- 
fects have been ascribed to acute increases in blood pressure. The early 
studies of Knoll! and Hering? demonstrated that direct or reflex-induced 
systemic hypertension may provoke ventricular arrhythmias in curarized 
dogs, cats and rabbits. Harris et al.? noted that increases in arterial 


pressure, by means of aortic constriction, augmented the prevalence of 
ectopic activity after staged coronary arterial occlusion. The enhanced ~ 


arrhythmia was ascribed to hemodynamic factors as well as to direct 
effects on the excitable properties of the myocardium. In the denervated 


heart, outflow tract obstruction resulted in ectopic activity emanating - 


from the pressure-overloaded ventricle. Moe et al. found a direct 


relation between the degree of augmentation of blood pressure and the  - 


induction of ventricular ectopic activity by epinephrine in the animal 


anesthetized with cyclopropane. These observations find explanation — 


in the electrophysiologic studies of Dudel and Trautwein,® who dem- 
onstrated that Purkinje fiber automaticity can be enhanced by 
stretching. 

Elevation of blood pressure can also exert a protective action against 
ventricular arrhythmias. Waxman et al.’ terminated ventricular 
tachycardia in man with injection of phenylephrine, and Weiss et al.® 
suppressed ventricular premature beats with this pressor agent. Similar 
observations were recorded by Gold and Corday? in patients with acute 
myocardial infarction. Of interest is the finding of Irving et al.!? that the 
risk of sudden death is increased among patients with coronary heart 
disease who do not have a significant increase in blood pressure during 
exercise stress testing. | 
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BLOOD PRESSURE AND CORONARY OCCLUSION—BLATT ET AL. . 


t 


"These reported data deal with the effects of blood 
pressure on ventricular ectopic activity, but there is 
meager information concerning the consequences of 


acute increases in blood pressure on cardiac vulnera- 
_ bility in the ischemic heart. Such data are needed be- 


cause at the onset of a myocardial ischemic episode 


. there are consistent and substantial increases in sys- 
_ temic arterial pressure at the very time when the ten- 
-= dency to ventricular fibrillation is greatly enhanced. 
_ This study was undertaken to define the effects of acute 
-hypertension on the predisposition to ventricular fi- 

brillation during both acute coronary occlusion and 
_ reperfusion. Changes in ventricular vulnerability were 
-. determined with use of two disparate techniques for 
=- measuring the fibrillation threshold in the canine 


heart. 
Materials and Methods 


Surgical procedures: Studies were performed in 19 


- healthy mongrel dogs weighing 9 to 25 kg. A minimum of 5 
- days before study, a left thoracotomy was performed through 
` the fourth intercostal space under general pentobarbital an- 
. esthesia. The heart was exposed and an occlusive balloon 
" eatheter* system was placed around the left anterior de- 
= scending coronary artery at the level of the left atrial ap- 


pendage. The patency of the balloon was tested by inflating 


it at the time of operation. The catheter was exteriorized 
through a subcutaneous tunnel in the nape of the neck. 


On the day of study, dogs were anesthetized with alpha- 
chloralose, 150 mg/kg intravenously. Artificial ventilation was 


— maintained via a cuffed endotracheal tube attached to a 


Harvard constant-volume pump delivering a mixture of room 
air and 100 percent oxygen. This mixture was adjusted to 
maintain arterial PO» between 125 and 225 mm Hg. Arterial 
pH was maintained in a range of 7.30 to 7.55. Abdominal aortic 
pressure was measured with a catheter with a large lumen 


inserted through a femoral arteriotomy and connected to a 


Statham P23Db pressure transducer. The electrocardiogram 
was recorded from a unipolar right ventricular endocavitary 
lead. 

Cardiac testing: Bipolar transvenous fixed rate right 


- ventricular pacing was used throughout the experiments. A 


bipolar catheter (Medtronic no. 5819) inserted through the 


. right jugular vein and positioned at the apex of the right 
- ventricle under fluoroscopic control was used for pacing and 


pulsing. The pacing stimulus threshold was determined and 


_ then increased by 50 to 100 percent for pacing during the ex- 
_ periment. The pacing interval was 333 to 280 msec, corre- 
- sponding to respective ventricular rates of 180 to 214/min. 


Two methods weré used. to determine ventricular fibril- 


. lation threshold: the sequential R/T pulsing technique and 
_ the train of stimuli method. Sequential R/T pulsing, described 
. in detail previously, '-!? was accomplished with sequences of 


_ three pulses delivered 10 msec beyond the boundary of the 
effective refractory period of each preceding beat. To deter- 
_ mine the fibrillation threshold, the current of the third pulse 
was increased in 5 milliampere (ma) increments until ven- 


» tricular fibrillation occurred. The current that consistently 


evoked ventricular fibrillation defined the ventricular fibril- 
. lation threshold. 


* Balloon catheters were manufactured by the Brunswick Corp., 
Quincy, Massachusetts and were used if they could be deflated within 
2 seconds. Slowly deflating balloons are unsuitable for exposing re- 
lease-associated vulnerability. 
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The second testing method consisted of a 100 hertz 2 msec 
constant current cathodal train of stimuli as described by | 
Han.!4 In our experiments, the train was initiated 80 msec 
after the pacing spike and spanned the vulnerable period of 
the cardiac cycle but did not extend beyond the absolute re- 
fractory period of the ventricular beat evoked by the 
train.!° 

The following experimental protocol was used: The left 
anterior descending coronary artery was completely occluded 
for 10 minutes by inflating the previously implanted balloon 
catheter. During the occlusion, the ventricular fibrillation 
threshold was assessed at approximately 1 minute intervals 
until recovery and preocclusion values were reestablished. The 
balloon catheter was abruptly deflated 10 minutes after oc- 
clusion. The sequence of coronary occlusion with and without 
blood pressure elevation was alternated. Two occlusions were 
performed, separated by an interval of at least 20 minutes. 

Defibrillation was accomplished, usually within 3 seconds 
by a direct current, 50 to 100 watt-second capacitator dis- 
charge from a Lown cardioverter. This resuscitative procedure 
in close chest dogs does not significantly affect the stability 
of the ventricular fibrillation threshold. !? 

Manipulation of blood pressure: Blood pressure was in- 
creased by intravenous injection of the alpha sympathetic 
agonist, phenylephrine. An initial bolus infusion of 45 pg/kg 
was given. Blood pressure rose 50 to 100 mm Hg above control 
level, usually within 1 to 2 minutes of injection. If blood 
pressure did not rise at least 50 mm Hg above the control level, 
a supplemental bolus infusion of 22.5 ug/kg was given. During 
coronary occlusion supplemental doses of phenylephrine (22.5 
ug/kg) were administered to maintain blood pressure at least 
50 mm Hg above the control level. Doses were given when 
necessary 4 to 6 minutes after the start of the occlusion and 
at approximately the 8th minute of occlusion. This regimen 
was used to avoid the problems of tachyphylaxis that ac- 
company continuous infusion of this drug. 

Denervation procedures: In nine dogs, the main arterial 
baroreceptors were acutely denervated. Coronary occlusion 
was then performed with and without blood pressure elevation 
as described earlier. 

The carotid sinus baroreceptors were approached for 
denervation through a bilateral dissection at the level of the 
bifurcation of the carotid artery. The carotid sinus nerves were 
sectioned and the adventitia was stripped from the carotid 
vessels in the region of the carotid sinus to ensure complete 
denervation.!9.!? The aortic arch baroreceptors were dener- 
vated by bilateral cervical vagotomy. Denervation of the 
baroreceptors was accompanied by increases in heart rate and 
blood pressure. Sequential R/T pulsing was used to determine 
ventricular fibrillation threshold. 

Statistical analyses were made using Student's paired t 
test. All values a are expressed as mean + standard error of the 
mean. 


Results 


The effect of acute arterial hypertension on ventric- 
ular vulnerability during coronary arterial occlusion and 
reperfusion was studied in 19 dogs. Both occlusion and 
release were performed (1) in a control state of unaltered 
blood pressure, and (2) after phenylephrine-induced 
elevation of blood pressure. The data are presented 
according to the method of electrical testing used. 

Sequential R/T pulsing: The effect of coronary 
occlusion on ventricular vulnerability was studied with 
the sequential R/T pulsing method in five dogs. A 
characteristic pattern of change in ventricular fibrilla- 





tion threshold was associated with acute myocardial 
ischemia and reperfusion (Fig. 1 and 2). Within 1 to 2 
minutes after obstruction of the coronary vessel, the 
ventricular fibrillation threshold decreased from 55 + 
5 to 0.65 + 0.4 ma. The threshold remained at the low 
level for 6.1 + 0.9 minutes; thereafter, despite persistent 
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FIGURE 1. Schematic representation of the time course of change in 
the ventricular fibrillation (VF) threshold during 10 minutes of occlusion 
and abrupt reperfusion of the left anterior descending coronary artery. 
Ventricular fibrillation threshold was significantly higher than the control 

“level after phenylephrine-induced elevation of arterial blood pressure. 
Both the degree of lowering of the fibrillation threshold and the duration 
of the period of lowered threshold were significantly diminished. The 
reperfusion-associated dip in fibrillation threshold (release) was unal- 
tered by elevation of blood pressure. 
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FIGURE 2. Ventricular fibrillation (VF) threshold determined with two 
methods of electrical testing, the sequential R/T pulsing method (upper 
panel) and the train of stimuli technique (lower panel). Qualitatively 
similar changes in ventricular fibrillation threshold were obtained with 
both methods before and after administration of phenylephrine. MABP 
= mean arterial blood pressure; n = number of experiments; p = 
probability. 
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balloon inflation, it returned to the preocclusion level. 
Upon reperfusion at 10 minutes, the ventricular fibril- 
lation threshold declined precipitously and almost 
immediately returned to the preocclusion level. 

In the absence of coronary occlusion, elevation of 
blood pressure with phenylephrine increased ventric- 
ular fibrillation threshold from 55 + 5 to 83 + 6 ma. 
Induction of acute hypertension similarly modified 
ventricular vulnerability during coronary occlusion (Fig. 
1). Thus, after balloon inflation, the ventricular fibril- 
lation threshold decreased to 27.4 + 6.4 ma compared 
with the value of 0.65 ma observed during the control 
occlusion (Fig. 2, upper panel). The change in threshold 
observed with reperfusion was unmodified by increasing 
arterial pressure. 

Train of stimuli: The course of change in ventricular 
fibrillation threshold was studied in five dogs with the 


train of stimuli method. The pattern of change was _ P 


similar to that recorded with sequential R/T pulsing 
(Fig. 2, lower panel). Fibrillation threshold declined 
from 71 + 7 ma before coronary obstruction to 20 + 6 
ma during occlusion. The low level persisted for 6.5 + 
1 minutes. On reperfusion after 10 minutes of occlusion, 
a brief but large decrease in ventricular fibrillation 
threshold recurred. 

Elevation of blood pressure produced only an insig- 
nificant elevation in ventricular fibrillation threshold 
from 71 + 7 to 80 + 9 ma before occlusion (Fig. 2, lower 
panel). However, during coronary occlusion, the re- 
duction in threshold was significantly diminished. In 
the presence of both occlusion and hypertension the 
vulnerable period threshold was reduced to only 44 + 
7 ma. Moreover, the total duration of vulnerability was 


significantly abbreviated from 6.4 + 1.0 to 2.6 + 0.7  — 


minutes (Fig. 3). The decline in threshold associated 
with reperfusion was unaltered by manipulation of 
blood pressure (Fig. 1 and 2). 
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FIGURE 3. The effect of phenylephrine-induced elevation of arterial 


blood pressure on the duration of the period of lowered ventricular fi- 200 


brillation threshold during acute coronary occlusion. Elevation of blood 
pressure resulted in shortened periods of enhanced vulnerability during 
coronary occlusion. This effect was independent of the method of 
electrical testing employed (sequential R/T pulsing or train of stimuli 
technique). 
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FIGURE 4. Influence of phenylephrine-induced elevation of arterial blood 


.. pressure on ventricular fibrillation (VF) threshold during coronary oc- 
... elusion and reperfusion after aortic arch and carotid sinus baroreceptor 


denervation. Elevation of blood pressure had no effect on the reduction 
in ventricular fibrillation threshold associated with coronary occlusion 


. and reperfusion (release). 


Baroreceptor denervation: The effect of aortic arch 
and carotid sinus baroreceptor denervation on the 
ventricular fibrillation threshold response to elevation 


of blood pressure during coronary occlusion and re- 


perfusion was studied in nine dogs. The sequential R/T 


~- pulsing method was used to determine ventricular fi- 
. brillation threshold. During occlusion and reperfusion, 


the vulnerable period threshold in these denervated 


_ dogs changed in a manner similar to that noted in the 


nondenervated animals (Fig. 4). However, blood pres- 
sure elevation in these denervated dogs was without 
effect on ventricular fibrillation threshold either before 


or during coronary occlusion or during reperfusion. 
- Thus, upon occlusion, the threshold decreased to 1.3 + 
_ 0.3 ma in the absence of blood pressure manipulation 
. and to 1.2 + 0.5 ma when arterial pressure was aug- 
. mented with phenylephrine infusion (Fig. 4). 


Discussion 
In normal dogs acute elevation of blood pressure is 


- associated with a nearly 50 percent increase in the vul- 
- nerable period threshold for ventricular fibrillation.!9 
. Such rises in threshold occurred whether the hyper- 
_ tension was induced by pharmacologic or mechanical 
means. Our study extends these observations to the 
animal experiencing acute myocardial ischemia. It has 


previously been demonstrated that coronary occlusion 


. and its release are followed by a specific time course of 
-— arrhythmia and increased susceptibility to ventricular 


- fibrillation as well as by a striking reduction in the 


| . vulnerable period threshold.!2?:!? A rise in arterial blood 


pressure during coronary ligation lessened the predis- 


- position to ventricular fibrillation and also abbreviated 


the duration of enhanced vulnerability. However, no 
such changes resulted from the acute hypertension 
during release of the occlusion and reperfusion of the 
ischemic myocardium. 

Mechanism of elevation of ventricular fibrilla- 
tion threshold resulting from acute hypertension: 
The mechanism for the protective action against ven- 


. tricular fibrillation by the pressor agent, phenylephrine, 


has previously been elucidated.!? The increase in fi- 
brillation threshold after administration of phenyl- 
ephrine was canceled when the increase in arterial 
pressure was prevented by blood volume removal 
through controlled exsanguination. Similarly, dener- 
vation of the carotid sinus and aortic arch baroreceptors 
and, in separate experiments, beta adrenergic blockade 
with propranolol, annulled the rise in fibrillation 
threshold that occurred with elevation of blood pres- 
sure. In contrast, cervical vagotomy had no effect on the 
increase in ventricular fibrillation threshold resulting 
from increases in arterial pressure. However, when va- 
gotomy was accompanied by baroreceptor denervation, 
the rise in ventricular fibrillation threshold associated 
with acute hypertension was again annulled. Because 
the findings with phenylephrine were duplicated when 
hypertension was induced by aortic compression, it is 
likely that the changes in cardiac vulnerability were not 
the consequence of other properties of the pressor agent. 
From these experiments we concluded that the eleva- 
tion of ventricular fibrillation threshold resulting from 
acute hypertension was mediated by reflex withdrawal 
of sympathetic tone. 

Reflex sympathetic responses to coronary oc- 
clusion: It is relevant to examine the alterations in 
sympathetic discharge that attend acute myocardial 
ischemia. Coronary occlusion is associated with reflex 
changes in neural tone resulting from activation of 
specific chemoreceptors and mechanoreceptors within 
the heart. Bezold and Hirt?? first described a reflex in- 
itiated by veratridine-sensitive receptors localized in 
the left ventricle?!-?* that results in hypotension and 
bradycardia. Costantin?! suggested that left ventricular 
wall stretch receptors or specific chemoreceptors sen- 
sitive to ischemic metabolites respond to coronary oc- 
clusion and cause reflex changes in autonomic neural 
tone. 

Recently, the reflex responses to coronary occlusion 
have been further characterized. Staszewska-Barczak?^ 
observed a significant increase in adrenal medullary 
catecholamine release within minutes of coronary oc- 
clusion in the dog. Malliani et al.2° noted an increase in 
neural traffic of efferent cardiac sympathetic fibers 
during the first 2 minutes after transient coronary oc- 
clusion in cats. Gillis’ in a similar animal preparation 
found increased activity in cardiac-bound efferent 
sympathetic and parasympathetic fibers, and this en- 
hanced neural tone was associated with the onset of 
ventricular arrhythmias including ventricular fibrilla- 
tion. When neural input to the heart was ablated, the 
incidence of ventricular fibrillation attending coronary 
occlusion was greatly reduced. Kliks et al.28 demon- 
strated a 26 percent elevation in ventricular fibrillation 
threshold in stellectomized animals compared with the 
threshold in control animals subjected to coronary ar- 
tery occlusion. Schwartz et al.?? obtained comparable 
evidence demonstrating the effects of stellectomy on 
cardiac excitable properties. We have shown a signifi- 
cant elevation of ventricular fibrillation threshold 
during coronary occlusion after beta adrenergic block- 
ade with propranolol!? and with the cardio-selective 
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beta-1 adrenergic blocking agent tolamolol.®® Thus, 
both surgical and pharmacologic sympathectomy raise 
ventricular fibrillation threshold. The acute elevation 
of blood pressure with phenylephrine may induce a 
physiologic reflex-mediated reduction in sympathetic 
tone and thereby confer protection upon the heart 
during the compromise of electrical stability provoked 
by coronary occlusion. 

Role of vagal stimulation: Phenylephrine increases 
. vagal tone, and this may provide an additional mecha- 
nism for altering cardiac vulnerability. Indeed, Kent et 
al.3!.32 found that vagal stimulation increased the vul- 
nerable period threshold and protected the acutely 
ischemic canine heart against arrhythmias. They?? have 
demonstrated anatomic cholinergic pathways in the 
ventricular conduction system by which this presumed 
effect is mediated. However, more recent investigations 
by Kolman et al.?? failed to demonstrate a rise in vul- 
nerable period threshold to ventricular fibrillation in 
the absence of enhanced sympathetic activity. In the 
presence of increased sympathetic discharge, the vagal 
effect was mediated through its muscarinic action. 
'The observation by Verrier et al.!? that hypertension 
induced in the normal animal by mechanical means also 
raises the ventricular vulnerability threshold suggests 
that vagal action plays only a minimal role in the pres- 
sor-induced changes. 

Role of hemodynamic factors: The increase in 
blood pressure may affect ventricular vulnerability by 
hemodynamic means. An increase in the perfusion 
pressure in the coronary vessels adjacent to the area of 
ischemia may facilitate the opening of “dormant coro- 
nary collateral channels." 35 Maroko et al.?6 suggested 
that this process may result in a reduction of the isch- 
emic zone. However, such a hemodynamic explanation 
appears unlikely because the protective effect of ele- 
vated blood pressure was abolished when aortic arch 
and carotid sinus baroreceptors were denervated. Thus, 
in both the normal and ischemic myocardium a reflex 
neural mechanism is implicated in the rise in ventricular 
fibrillation threshold ensuing from increases in arterial 
pressure. 

Mechanisms during coronary reperfusion: In 
contrast to its effect on vulnerability during occlusion, 
phenylephrine-induced hypertension did not alter the 
ventricular fibrillation threshold during reperfusion. 
This finding suggests that different mechanisms ac- 
count for alterations in vulnerability during coronary 
occlusion and immediately after restoration of flow. 
Corbalan et al.!? demonstrated several other differences 
during these two circulatory conditions. Whereas en- 
hanced vulnerability occurred within 2 minutes of 
coronary ligation, at least 3 minutes of sustained oc- 
clusion was required before reperfusion showed a re- 
duction in ventricular fibrillation threshold. Although 
repeated occlusions diminished the occurrence of ven- 
tricular fibrillation, such sequencing was without pro- 
tection against the hazard of this arrhythmia on re- 
perfusion. Furthermore, alpha and beta adrenergic 
blockade with phentolamine and propranolol prevented 
the decrease in ventricular fibrillation threshold during 


 DLUUUD FHEOOUHE ANU VUNUINANT VVULUONIN-—DLATI EI AL: 
OVE ^ 






en. 


occlusion but was without effect on cardiac vulnerability ; 
- 


during reperfusion. Corbalan et al." therefore con- 


cluded that the changes in vulnerability during occlu- 
sion were related to enhanced adrenergic tone, while 
neural factors were not prominent during reperfusion. 


Our current findings are in accord with this interpre- 


tation. 


Limitations of techniques to measure fibrillation — | 


threshold: Many recent investigations have used the 


train of stimuli technique to measure cardiac vulnera- 1 | 
bility. Although this method permits rapid assessment — - 
of the vulnerable period threshold, it has several limi- - 
tations. Tamargo et al." have pointed out that the train = 
may traverse the protective zone*® that closely adjoins — 


the vulnerable period. Activation of the protective zone - 


by the train might alter measurement of ventricular 


fibrillation threshold (Verrier, Brooks and Lown, un- 
published observations). In addition, trains of stimuli 
have been shown to cause liberation of catecholamines — 


in subjacent myocardium.?? Such neurohumoral release 
may influence the neural mechanisms mediating the 


effect of phenylephrine-induced hypertension. For. 


these reasons we used two different methods of cardiac. 


testing in order to ascertain whether the results ob- — 
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tained were not an artifactual expression of a particular 


method. Although results with the two methods were 


not quantitatively identical, phenylephrine produced 


a similar pattern of altered vulnerability with both — . 


techniques. 


Utilizing the train of stimuli technique, we found a — 


reduction in ventricular fibrillation threshold during 


reperfusion. With this technique Battle et al.) dem- — 
onstrated a reduction in ventricular fibrillation - 
threshold during occlusion but were unable to do so 
during reperfusion. They speculated that their finding — 


was due to an insufficiently rapid activation of the train 


upon release of the coronary obstruction. Our results — ' 
lend support to this interpretation and furthermore ~ 


demonstrate a correspondence between the occurrence 
of spontaneous ventricular fibrillation after coronary 


occlusion and release and a reduction in ventricular fi- — 
brillation threshold as measured with a train of stimuli. - 
Such correspondence had previously been demon- 


strated with the sequential R/T pulsing method.!? 
Clinical implications: Changes in neural tone are 


also believed to attend acute myocardial infarction in - 
man. Webb et al.*! documented enhanced autonomic . 
activity in more than 90 percent of patients seen within e 
30 minutes of the onset of acute myocardial infarction. 


During this early stage of acute ischemia, which is as- 


sociated with the greatest prevalence of sudden death ~ 
from ventricular fibrillation, significant increases in 
blood pressure occur as a consequence of pain, fear, | 
hypoxia and acute alterations in cardiac output. There - 


Lich m ul 


are accompanying increases in circulating catechol- 


amines with additional pressor effects. 


Does the increase in blood pressure exert a salutory 3 
effect on ventricular electrical stability following acute 
myocardial infarction? No direct evidence is available . 


to shed light on this question. In this context, the ob- 


servations of Irving et al.!° may be relevant. They found : 3 
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. BLOOD PRESSURE AND CORONARY OCCLUSION—BL 





A that the pressor response to exercise stress was a sig- 
nificant prognostic indicator of sudden death among 
~ patients with coronary heart disease. Among 1,500 men 
— with ischemic heart disease, failure to increase systolic 
arterial pressure during exercise was associated with 
increased subsequent mortality. It may be that in these 
. men the loss of a pressor response to stress precluded 
_ the reflex withdrawal of the enhanced sympathetic tone 
a that accompanies myocardial ischemia. Thus, the in- 
Pr crease in blood pressure almost invariably observed in 
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the early phase of acute myocardial infarction, although 


exacting a cost in afterloading of an impaired myocar- 
dium, may contribute a dividend in lessening electrical 
instability. 
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Myocardial carbon dioxide tension and intramyocardial S-T segment 


voltage have previously been shown to provide useful quantitative indexes — E 
of the severity of regional myocardial ischemia. This study was designed — 7 
to determine if (1) changes in intramyocardial S-T segment voltage and a 
myocardial gas tensions, with the addition of atrial pacing, could be used S 


to assess the functional significance of a coronary stenosis, and (2) if 
changes in S-T voltage recorded in intramyocardial electrodes proved 


a more sensitive indicator of ischemia than changes recorded in epicardial 


electrodes. In 12 open chest dogs, a variable constrictor and an electro- 
magnetic flow probe were placed on the proximal left circumflex coronary 
artery. Myocardial carbon dioxide and oxygen tensions were recorded 
with mass spectrometry and unipolar intramyocardial S-T segment voltage 


with multicontact plunge electrodes. Intramyocardial S-T voltage and - ; 


myocardial carbon dioxide tension showed parallel increases with atrial 


pacing in the presence of subcritical, critical and supercritical coronary E. 


stenoses. In the presence of a critical stenosis, S-T segment changes 
recorded in deeper myocardial layers were of greater magnitude than 


those recorded near the epicardial surface. These findings suggest that 2 
the severity of myocardial ischemia can be assessed by measuring in- ^ 
tramyocardial S-T voltage or myocardial gas tensions at resting and paced — 
heart rates. They also suggest that intramyocardial S-T voltage is a more — 
sensitive indicator of the severity of pacing-induced myocardial ischemia  - 
than epicardial S-T changes. Application of this technique to patients. E 


undergoing coronary revascularization could allow intraoperative de- 





termination of the functional significance of questionable angiographic — - 


lesions and a more rational approach to the assignment of priorities to E 


individual arteries when multiple bypasses are being considered. 





When contemplating coronary revascularization in patients with mul- - 
tiple vessel disease, it is often unclear which lesion is responsible for the . 


development of the clinical syndrome of angina pectoris. For example, . 
one major coronary artery may have such severe stenosis (more than 90 — 
percent obstruction of luminal diameter) that the need for aortocoronary — 
bypass is clear. A second major vessel may have a lesser degree of stenosis . 
(50 to 70 percent) that may or may not cause sufficient limitation of — 
coronary flow to result in ischemia and thus warrant bypass grafting. - 
It would therefore be useful to have a reliable technique for identifying, — 
and quantifying the severity of, ischemia developing within regions of | 


myocardium supplied by each of the major coronary arteries. 


Previous studies from our laboratory! showed that progressive coro- — 
nary arterial stenosis results in a stepwise increase in myocardial carbon  - 


dioxide tension, as measured with mass spectrometry, and simulta- 
neously a stepwise increase in unipolar S-T segment voltage, as measured 


-© with intramyocardial electrodes. In a region of myocardium supplied — 
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FUNCTIONAL SIGNIFICANCE OF CORONARY STENOSES—O'RIORDAN ET AL. 


_ by a coronary artery with a critical stenosis, mean cor- 
. onary blood flow remained within 15 percent of the 
_ control level and no reactive hyperemic response in 
. coronary flow was noted after temporary occlusion. A 
.. critical stenosis has been shown to correspond angio- 
. graphically to a 70 to 75 percent narrowing of the di- 
. ameter of a coronary lumen.23 The presence of ischemia 
` jn the region of myocardium distal to the critical ste- 
nosis was evidenced by significant increases in myo- 
- cardial carbon dioxide tension and intramyocardial S-T 
. segment voltage and a significant decrease in myocar- 
— dial oxygen tension. 
This study was designed to test the following hy- 
. potheses: (1) that the functional significance of a coro- 
- nary arterial stenosis could be assessed by the recording 
of intramyocardial S- T segment changes or myocardial 
gas tensions, or both, in a region of myocardium sup- 
. plied by the stenosed vessel, and (2) that the recording 
.. of S-T segment voltages at multiple depths within the 
. myocardial wall might provide better quantitative as- 


sessment of the severity of regional ischemia than- 


. changes recorded at or near the epicardial surface. 
y Materials and Methods 
Instrumentation and measurements: Twelve mongrel 
.. dogs, weighing 20 to 25 kg, were anesthetized using alpha 
chlorolose (60 mg/kg body weight) after induction with a single 
dose of sodium pentobarbital (5 mg/kg). They were then in- 
.. tubated and ventilated with room air using a Harvard respi- 
- rator. Mean aortic pressure was monitored with use of a can- 
- nula placed in the aortic arch and measured with a Statham 
. P23Db transducer. A left anterolateral thoracotomy was 
_ performed and the parietal pericardium incised. Retraction 
-~ of the left atrial appendage gave access to the proximal portion 
— ofthe left circumflex coronary artery, and a short segment was 
- carefully isolated. An electromagnetic flow probe (Biotronex 
- Series 6000 flow probe with Biotronex model 610 Pulselogic 
— flowmeter), a variable screw-type constrictor and a snare to 
. allow temporary occlusion were sequentially placed on the 
= exposed artery. A unipolar atrial pacing lead was placed on 
the right atrium. Mass spectrometry probes for the mea- 
_ surement of myocardial oxygen (PmO>») and carbon dioxide 
-. (PmCO)) tensions consisted of 22 gauge stainless steel tubing 
- coated with heat-shrinkable Telfon*. A probe was inserted into 
- a region of the myocardium supplied by the stenosed cir- 
.. cumflex artery so that the sensing surface of the probe was 
. approximately midway between the endocardial and epicar- 
. dial surfaces. The calibration and technical details of the 
. measurement of myocardial gas tensions have previously been 
- reported.4^ 
— Multicontact plunge electrodes were used to record uni- 
_ polar intramyocardial electrograms at multiple depths within 
-the myocardial wall. One electrode was inserted into a region 
- supplied by the constricted circumflex artery and a second 
x into a region supplied by the unconstricted left anterior de- 
- scending coronary artery. S-T segment changes recorded in 
_ this latter region served as a nonischemic control for changes 
‘recorded in the ischemic region. The plunge electrodes con- 
— sisted of 22 gauge Teflon tubing containing nine (0.001 inch 
- [0.00254 cm] diameter) Teflon-coated wires that emerge at 
. 2 mm intervals, beginning 1 mm from the distal tip.* The 
distal tip of the electrode was stiffened by the injection of a 


"Developed by William M. Kline for Medical Evaluation Devices and 
Instruments Corp. (MEDIC), Gloversville, New York 12078. 


small amount of epoxy cement. The plunge electrodes were 
inserted into the myocardium until the most proximal re- 
cording site was just beneath the epicardial surface. The probe 
was then anchored at the epicardial surface by a single 
purse-string suture. Unipolar electrograms were recorded from 
each of these nine electrodes using the left hind limb as the 
location of the indifferent electrode. S-T segment voltage was 
measured 100 msec from the end of the QRS complex. 
Protocol: At least 30 minutes after insertion of the mass 
spectrometer probe and electrocardiographic electrodes, 
control measurements of PmO» and PmCO» were obtained 


in the region of myocardium supplied by the left circumflex - 


coronary artery, and intramyocardial S-T segment voltages 
were recorded in regions of myocardium supplied by both the 
left anterior descending and the left circumflex arteries. The 
circumflex artery was then stenosed to one of three different 
degrees of constriction. The severity of the stenosis was de- 
fined by the changes in mean circumflex arterial blood flow, 
measured in the electromagnetic flow probe, and the hyper- 
emic response to 10 seconds of total occlusion. The three de- 
grees of constriction employed were (1) subcritical stenosis, 
defined as stenosis resulting in a 50 percent reduction of the 
peak reactive hyperemic response compared with the peak 
response in the same vessel before constriction, with no change 
in mean coronary flow; (2) critical stenosis, defined as stenosis 
associated with the abolition of the reactive hyperemic re- 
sponse (that is, no more than 15 percent of the peak hyperemic 
response measured before constriction remaining) and with 
a less than 15 percent reduction in mean circumflex arterial 
flow; and (3) supercritical stenosis, defined as stenosis re- 
sulting in a 50 percent reduction in mean circumflex arterial 
flow compared with the control value before constriction. The 
sequence in which each of these three degrees of stenosis was 
applied in an individual animal was randomized. Fifteen 
minutes after application of a given degree of constriction, 
intramyocardial S-T segment voltages, PmOs; and PmCO; 
were remeasured. The heart rate was then increased by atrial 
pacing to a rate 50 percent above the control rate for each in- 
dividual animal. Fifteen minutes after the initiation of atrial 
pacing, measurements of intramyocardial S- T segment volt- 
age, PmO» and PmCO; were repeated. Pacing was discon- 
tinued and constriction removed, and 15 minutes later a sec- 
ond degree of constriction was applied. The measurements 
described were repeated at resting heart rates and then with 
atrial pacing, and after removal of this second stenosis a third 
and final degree of constriction was applied. The positions of 
the mass spectrometer probes and the electrocardiographic 
electrodes within the myocardial wall were confirmed by 
dissection at the termination of each study. Electrodes found 


_to lie within the left ventricular cavity were excluded. 


[Insertion of the intramyocardial electrode inevitably re- 
sulted in a current of injury manifested by S-T elevation in 
unipolar electrograms recorded in all layers across the myo- 
cardial wall. The magnitude of this current of injury decreased 
in an exponential fashion with time. Atrial pacing results in 
an increase in unipolar intramyocardial S-T segment voltage 
in all myocardial layers. Therefore, the true magnitude of S-T 
segment changes induced by such an intervention is the S-T 
segment voltage measured during pacing minus voltage 
measured just before its initiation. 


All data were expressed as the mean + 1 standard error of - 


the mean, and statistical analysis employed the paired Stu- 
dent's t test. | 


Results 


Hemodyamic measurements: Table I presents the 
changes in heart rate, mean arterial pressure, circumflex 


530 Anril 1977 The American .leurnal o£ CARNINI AAV Valima 20 (it Fa Mene ik i a i. 2 xd 








T | TETE zà wae SA US Lap ee eed) fat aes TEL E 


Subcritical Stenosis 


.. *Not significantly different (paired Student's t test) from mean arterial pressure before initiation of atrial pacing. *. 
Control = before application of a given stenosis; Pace = during atrial pacing at a given degree of stenosis; Rest = in the presence of a given sten-  — 


OSis at resting heart rate. 


coronary arterial flow with the application of each ste- 
nosis and with the addition of atrial pacing. Before ap- 


- plication of any of the three degrees of stenosis, control 


flow in the left circumflex coronary artery was 52 + 2 
ml/min and peak reactive hyperemic flow after 10 sec- 
onds of occlusion was 151 + 14 ml/min. Thus, reactive 
hyperemic flow before coronary arterial constriction was 


‘three times the control level. Table I also shows the 


percent of the peak reactive hyperemic response re- 
maining after application of each degree of stenosis. 

Myocardial gas tensions: Myocardial oxygen 
(PmO»;) and carbon dioxide (PmCO») tensions were 
measured before the application of each degree of ste- 
nosis, 15 minutes after constriction and then 15 minutes 
after the initiation of atrial pacing. 

Before the application of a stenosis to the left cir- 
cumflex coronary artery the mean control value for 
PmO» was 21 + 2 mm Hg and for PmCO; was 41 + 3 
mm Hg (Table II). Application of a subcritical stenosis 
resulted in no significant change in PmO; or PmCO;. 
With the addition of atrial pacing a decrease in PmO» 
of 3+ 1 mm Hg (P «0.025) and an increase in PmCO» 
of 8 + 3 mm Hg (P <0.01) were noted. After application 
of a critical stenosis, PmO» decreased by 3 + 1 mm Hg 


TABLE II 


Regional Changes in Myocardial Gas Tensions at Rest and With Atrial Pacing With Three Degrees of Proximal Coronary — d 


Arterial Stenosis (mean + standard error of the mean) 


Subcritical Stenosis 
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Critical Stenosis 





P A "T 
TABLE | is 
_ Hemodynamic Measurements (mean + standard error of the mean) at Resting Heart Rate and With Atrial Pacing Before. A E 
and After Application of Coronary Arterial Stenoses A 


Critical Stenosis Supercritical Stenosis _ 





(no. = 10) (no. = 12) (no. = 10) CP 
Control Rest Pace Control Rest Pace Control Rest Pace .. 3 
Heart Rate E 147 223 141 227 EN 147 228 
— (min ) +4 +3 +4 +4 +7 Em 
Mean arterial pressure 122 123 115* 118 122 111* 105 106 105*:- 36 
(mm Hg) x9 "à *10 +9 +7 +10 +7 +10 +11 f11- T 
Change in mean circumflex M. s —2.8 +24.3 —9.5 +8.7 —50.3 05 108 
coronary flow (%) +1.2 +2.5 +2.4 £1.1 +3.6 
Remaining reactive s 51.5 7.1 : 0 
hyperemic response (%) +2.1 +1.6 | 





jo 
3 
T 3 
1 
* 


Nj 


(P «0.025) and PmCO» increased by 9 + 3 mm Hg (P | 
«0.0025) compared with control values before con- 
striction. Addition of atrial pacing resulted in a further — - 
decrease in PmO» of 6 + 1 mm Hg (P «0.0025) anda. — 
further increase in PmCO» of 30 + 5 mm Hg (P «0.005). 
Application of a supercritical stenosis resulted in ade- ^ 
crease in PmO» of 10 + 2 mm Hg (P <0.0025) andan 
increase in PmCO» of 61 + 11 mm Hg (P «0.005). When  : 
atrial pacing stress was added a further decrease in — . 
PmO» of 1 + 0.5 mm Hg (P «0.005) and a further in- - 3 
crease in PmCOs of 27 + 8 mm Hg (P «0.0025) were 
observed. E 
S-T segment voltages: Changes in S-T segment _ 
voltage, recorded at a depth within the myocardial wall — . 
comparable with the depth of the mass spectrometer 
probe, were compared with the changes in myocardial . 
gas tensions in the region supplied by the stenosed  . 
vessel at each of the three degrees of stenosis beforeand — 
after the addition of atrial pacing (Fig. 1 and 2). After 
application of a subcritical stenosis, there was no sig- 
nificant change in S-T segment voltage. With the ad- ME 
dition of atrial pacing, S- T voltage increased 1.7 0.8 — 
mv (P «0.025). Application of a critical stenosis resulted — 
in an increase in S- T segment voltage of 2.0 0.8 mv(P 


Supercritical Stenosis 


(no. = 10) EE 


Rest Pace 


(no. = 12) 


Control Rest Pace 


(no. = 10) 


Control Rest Pace Control 


th , 
i 


Myocardial Oxygen Tension (mm Hg) E 


s 
20 + 1.6 17 * 1.6 11* 34 19+ 1.6 9: 1.8 8534. M 
«0.025 «0.0025 «0.0025 «0.0025 M 


o 


Mean 21 * 1.6 20 + 1.7 17:2.1 
P NS 0.025 


Myocardial Carbon Dioxide Tension (mm Hg) 


- -Mean 41 x 3.1 40+ 3.4 48 * 4.6 40 + 2.8 49 * 49 79+ 8.1 
DES a: i NS 0.01 <0.0025 <0.0025 


126 : 160 
«0.0025 


99 + 12.0 
<0.005 


|. 38-21 
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|... . Control = before application of a given stenosis; no. = number of data points with each degree of stenosis; NS - not significant; P= prob- .- 

= ability (values calculated with paired Student's t test); data under Rest columns are compared with control values; data under Pace columns | 
— "are compared with Rest values. Pace = during atrial pacing with a given degree of stenosis; Rest = in the presence of a given stenosis at resting ` 
heart rate. | Me 
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h: 100 


|. mm Hg 





E. SUBCRITICAL | 
| CRITICAL 


SUPERCRITICAL 


STENOSIS 


. FIGURE 1. Changes in regional myocardial carbon dioxide (PmCO.) 
.. and oxygen (PmO;) tensions with subcritical, critical and supercritical 
.. coronary arterial stenosis. Gas tensions (mean + standard error of the 
__ Mean) are indicated for the control resting heart rate (REST) and during 
_ atrial pacing (PACE) and are expressed as the change 
.. (â) from control values measured before application of a given coronary 
. stenosis. 

E 
|. €0.025) at the resting heart rate. With the addition of 
. atrial pacing, a further increase in S-T voltage of 5.3 + 
- 2.0 mv (P <0.0125) was noted. When a supercritical 
-. stenosis was applied, the S-T voltage increased 8.3 + 1.4 
. mv (P «0.0005), and the addition of atrial pacing re- 
-. sulted in a further increase of 3.9 + 1.0 mv (P «0.0025). 
_ The magnitude and direction of changes in intramyo- 
- cardial S-T segment voltage paralleled those of PmCO» 
-—. (Fig. 1 and 2). 

— . Changes in S- T segment voltage recorded in the nine 
- unipolar electrodes distributed at 2 mm intervals across 
-the myocardial wall were analyzed by dividing the wall 
- thickness into fifths and averaging the data obtained 
- within each of these five layers (Table III). At the time 
-. of the initial control measurements, the residual S-T 
- segment elevation was 2.0 + 0.3 mv in the inner fifth of 
. the myocardium nearest the endocardial surface and 5.5 
€ 1.1 mv in the outer fifth nearest the epicardial surface 
` in the region of the left anterior descending coronary 
artery. In the region of the left circumflex artery, the 
. residual current of injury ranged from 1.0 + 0.7 to 2.0 
_ £0 5 mv in the inner fifth and from 4.3 + 1.2 to 5.0 + 1.5 
. mv in the outer fifth. 


14 aasa PACE 
— — REST 





SUBCRITICAL | 
CRITICAL 


SUPERCRITICAL 


STENOSIS 


FIGURE 2. Changes in intramyocardial S-T segment voltage (A ST) 
(means + standard error of the mean) with subcritical, critical and su- 
percritical coronary stenosis at the control resting heart rate (REST) 
and with atrial pacing (PACE). The depth of the recording electrodes . 
is comparable with thedepth of the mass spectrometer probes usedto 
record myocardial gas tensions shown in Figure 1. 


In the control region supplied by the unstenosed left 
anterior descending coronary artery, no increase in S-T 
segment voltage was noted with application of any of the 
three degrees of stenosis to the left circumflex artery. 
Significant decreases in S-T segment voltages were 
noted in the region supplied by the anterior descending 
artery between the time of the initial control measure- 
ment and the time when a stenosis was placed on the 
circumflex artery. These decreases reflect continued 
resolution of the current of injury associated with 
placement of the intramyocardial plunge electrode. 
When the heart rate was increased by atrial pacing, 
small but significant increases in S- T segment voltage 
were observed in all five layers of the myocardial wall 
supplied by the unstenosed left anterior descending 
artery (Fig. 3), ranging from 1.0 + 0.2 mv in the layer 
nearest the endocardial surface to 0.5 + 0.2 mv in the 
layer nearest the epicardial surface (P «0.005 or less for 
the changes measured in all five layers). 

When a subcritical constriction was applied to the 
left circumflex coronary artery, no significant changes 
in S-T segment voltage were noted in the region of 
myocardium supplied by the stenosed vessel (Fig. 3B). 
When atrial pacing was added, a small but significant 
increase in S-T voltage was noted in the deeper layers 
(P «0.05). However, the magnitude of this increase was 
not significantly different from the magnitude of S-T 
changes recorded in the region supplied by the uncon- 
stricted left anterior descending artery (Fig. 3A). 

After application of a critical stenosis, significant 
increases in the S- T segment voltage were noted in the 
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FIGURE 3. Changes in intramyocardial S-T segment voltage (A ST) (mean + standard error of the mean) at various depths within the myocardial wall 
with the locations of the recording electrodes expressed as a fraction of the distance from endocardial surface (0) to epicardial surface(1). A ST is 
expressed as the change from control voltage measured before application of each degree of stenosis at resting heart rate (REST) and during atrial 
pacing (PACE). A, no stenosis (changes in S-T voltage recorded in the region of the unstenosed left anterior descending coronary artery). B, C and 
D, changes in S-T voltage recorded in regions of the myocardium supplied by the left circumflex coronary artery with, respectively, a subcritical 


(B), critical (C) and supercritical stenosis (D). 


inner three fifths of the myocardial wall (Fig. 3C). The 
changes in S-T voltage noted in the outer two fifths did 
not reach statistical significance. After the addition of 
atrial pacing, the further increases in S-T segment 
voltage were significant in all five layers of the myo- 
cardial wall (P «0.01 or less). The maximal increase was 
6.0 + 1.7 mv, occurring in the fifth of myocardium sec- 
ond nearest the endocardial surface. 


When a supercritical stenosis was applied to the 
circumflex coronary artery, increases in S- T segment 
voltage were noted in all five layers, greater in the outer 

three fifths (P <0.0025) than in the inner two fifths (P 
«0.01 and not significant). The addition of atrial pacing 
resulted in significant increases in S-T segment voltage 
in all five layers of the myocardium (Fig. 3D). However, 
the magnitude of these changes in S-T voltage with the 
addition of atrial pacing was less with this most severe 
degree of stenosis than with critical stenosis. 


Retrospective Assessment of Functional Significance 
of Coronary Stenosis 


To test the hypothesis that functional significance of 
a coronary stenosis could be assessed by recording in- 
tramyocardial S- T segment voltages or myocardial gas 
tensions before and after the addition of atrial pacing, 
the data were also analyzed retrospectively (Table 
IV). 

Myocardial carbon dioxide tension: In a region of 
myocardium supplied by a nonconstricted coronary 
artery, myocardial carbon dioxide tension (PmCO;) did 
not increase more than 18 mm Hg in the response to the 
initiation of atrial pacing in eight experiments. In a re- 
gion of myocardium supplied by a subcritically stenosed 
coronary artery, an increase in PmCO; of 19 mm Hg or 
more was noted in only 3 of 13 experiments. In contrast, 
in a region of myocardium supplied by a coronary artery 
with a critical stenosis, an increase in PmCO; of 19 mm 
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. TABLE IV 


- Regional Myocardial Gas Tensions and Intramyocardial and Epicardial S-T Segment Voltages at Resting Heart Rates and 
. Their Respective Changes With the Addition of Atrial Pacing: Retrospective Analysis According to mn Associated Degree of 
— Coronary Arterial Stenosis (incidence of finding) 


PmCO, APmCO, PmO, 
265mm Hg >19 mm Hg «6 mm Hg 
Degree of stenosis 
None 0/47 0/8 0/43 
Subcritical 1/14 3/13 0/13 
Critical 2/17 12/17 0/16 
Supercritical 13/15 8/16 6/14 


FUNCTIONAL SIGNIFICANCE OF CORONARY STENOSES—O'RIORDAN ET AL. 


er of left ventricular wall; PmCO, = myocardial carbon dioxide tension; PmO, = myocardial oxygen tension. 


Hg or more was recorded in 12 of 17 experiments. The 
presence of a supercritical stenosis could be separated 
from the presence of a lesser degree of stenosis by the 
finding of a PmCO»; value of 65 mm Hg or more at 
resting heart rates. 

Intramyocardial S- T segment voltage: The mag- 
nitude of intramyocardial S- T segment voltages and the 
increase in voltages noted during atrial pacing could also 
be used to assess the severity of a given stenosis. In a 
region supplied by an unconstricted coronary artery, 
intramyocardial S- T segment voltage increased in re- 
sponse to pacing by 4 mv or less in 32 of 33 experiments. 
Distal to a subcritical stenosis intramyocardial S-T 
segment voltage increased 4 mv or less in 8 of 10 ex- 
periments. Distal to a critical stenosis, intramyocardial 
S-T segment voltage increased more than 4 mv with the 
addition of atrial pacing in 8 of 12 experiments. When 
epicardial S- T segment changes were analyzed, exper- 
iments with a critical stenosis could be separated from 
those with no stenosis in only 4 of 11 cases. Distal to a 
supercritical stenosis evidence of myocardial ischemia 
at resting heart rates was present in 9 of 10 experiments, 


. thus allowing separation from lesser degrees of stenosis 


without the need for adding atrial pacing. In a region of 
myocardium supplied by a supercritical stenosis, 
analysis of epicardial S-T segment voltages revealed 
more than 5 mv of S- T segment voltage in eight of nine 
experiments at resting heart rates. 

Myocardial oxygen tension: Analysis of myocardial 
oxygen tension (PmO:;) at resting heart rates and with 
atrial pacing also allowed differentiation of the various 
degrees of stenosis. The addition of atrial pacing in the 
presence of a critical stenosis resulted in a decrease in 
PmO» of more than 10 mm Hg in 13 of 16 experiments. 
In a region of myocardium supplied by a subcritically 
stenosed vessel a 10 mm Hg decrease in oxygen tension 
with pacing was noted in only 1 of 13 experiments. A 
decrease in PmO; of 10 mm Hg was not noted in regions 
supplied by either supercritically stenosed or unsten- 


- osed coronary arteries. A PmO» value of less than 6 mm 


Hg at resting heart rates was observed only in the 


. presence of a supercritical stenosis. However, this degree 
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_ of hypoxia was noted in only 6 of 14 experiments and 
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therefore was not a sensitive criterion for the identifi- 


cation of a supercritical stenosis. 


Discussion 


Our results suggest that the severity of regional | 


myocardial ischemia induced distal to a proximal cor- 


onary arterial stenosis by atrial pacing can be assessed . a 
by measuring either myocardial gas tensions or in- 
tramyocardial S-T segment voltages. These measure- — 
ments appear to provide a quantitative expression of the — 
development of an inequality between myocardial 
oxygen supply and demand although one must re- | 


member that the functional significance of a given 
coronary constriction is dependent not only on the an- 


atomic severity of the lesion but also on the presence - 


and extent of collateral vessels. 


The similarity of myocardial gas tension and in- . 
tramyocardial S-T segment voltage changes with atrial - 
pacing in myocardium supplied by unstenosed and — 
subcritically stenosed coronary arteries suggests that - 
a mild degree of subendocardial ischemia is induced in ~ 
either situation. Because the pacing rates used in our ~ 
study are associated with a significant decrease in dia- 
stolic time per minute and because deeper myocardial - 
layers are especially dependent on diastolic coronary - 


flow, the development of a mild degree of ischemia even 


in the apscrice of a coronary constriction is not sur- - 


prising.® 


Perfusion pressure is another primary determinant . 
of blood flow to deeper myocardial layers. Lipscomb et — 
al.? measured a 30 to 40 mm Hg pressure gradient across _ 
a coronary stenosis comparable in severity to a critical | 
stenosis in cur study. Thus, even at resting heart rates, — 
the lower perfusion pressure distal to a critical stenosis. 
might be expected to reduce perfusion of deeper layers. 
In a previous study from our laboratory,;? the addition — 
of atrial pacing in the presence of a critical stenosis was- 


shown to result in a further redistribution of blood flow, 
with flow increasing to subepicardial layers while flow 
to deeper subendocardial layers was decreasing. 

In our study S-T segment voltage changes recorded . 
in deeper myocardial layers were frequently of greater 9 
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APmO, Myo S-T EpiS-CT . AMyoST AEpiS-T wd 
210 mm Hg 25 mv 25 mv 24 mv 24 mv b 
0/8 0/33 2/26 1/32 0/25 .— 
1/13 1/10 1/9 2/10 1/9 4 
13/16 6/12 3/11 8/12 4/tt 
0/14 9/10 8/9 4/10 2/9. 
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A = change with addition of atrial pacing (control measurements were all measured at resting heart rate before initiation of atrial pacing); Epi * 
S-T = epicardial S-T segment voltage measured in outermost layer of left ventricular wall; Myo S-T = S-T segment voltage measured at middle iis 


1 


n 
3. 
he 


ST 


magnitude than those recorded in the layer nearest the 
epicardial surface. Intramyocardial electrodes would 
.. therefore appear to provide a more sensitive means of 
. detecting the development of regional myocardial 
. ischemia than epicardial electrodes. 
Atrial pacing in assessment of critical coronary 
. stenoses: When the myocardial gas tensions and in- 
-~ tramyocardial S-T segment voltages obtained before 
.. atrial pacing were examined retrospectively, the pres- 
.. ence of a critical stenosis could not be distinguished 
. from the presence of a lesser degree of stenosis because 
.. of considerable overlap in these measurements. How- 
. ever, the addition of atrial pacing induced changes in 
myocardial gas tensions that allowed separation of 
. critical from subcritical stenoses. The finding of an in- 
crease in PmCO> greater than 19 mm Hg was a sensitive 
6 (71 percent) but not a very specific (30 percent false 
3 - positive) indicator of the presence of a critical stenosis. 

_ The finding of a reduction in PmO; greater than 10 mm 
_ Hg with the addition of pacing was both a sensitive (81 
. percent) and a specific (only 3 percent false positive) 
indicator. Similarly, in the absence of a control S-T 
. segment voltage of more than 5 mv, the finding of an 
. increase in intramyocardial S-T voltage greater than 4 

. mv during atrial pacing was both a sensitive (67 percent) 
and a specific (17 percent false positive) indicator. 

. The presence of a supercritical stenosis could be de- 
_ termined by the finding at resting heart rates of a 
.. PmCOs greater than 65 mm Hg in 87 percent of cases. 
_ This finding was false positive in only 4 percent of cases. 
. A value for PmO: of less than 6 mm Hg was also specific 
- for the presence of a supercritical stenosis (no false 
| positive findings) but a less sensitive (43 percent) in- 
- dicator. The finding of an intramyocardial S-T segment 
5 - voltage of greater than 5 mv at control heart rates had 
90 percent sensitivity rate for the detection of a super- 
. critical stenosis and had a false positive rate of only 13 
| percent. 
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Clinical implications: With the techniques de- 
scribed above, it may be possible to assess intraopera- 
tively the presence and severity of myocardial ischemia 
in regions of myocardium supplied by coronary arteries 
with various degrees of luminal narrowing. In the animal 
laboratory, myocardial gas tensions and S-T segment 
voltages were measured before and after the creation 
of a given degree of coronary stenosis. In the operating 
room, similar control measurements will not be avail- 
able. It will therefore be necessary to differentiate 
ischemic from nonischemic regions of myocardium by 
examination of myocardial gas tensions or S-T segment 
voltages, or both, measured before and during atrial 
pacing. 

Retrospective analysis of our data obtained in the 
animal laboratory suggests that utilizing atrial pacing, 
intraoperative assessment of the functional significance 
of coronary stenoses of various degrees should be fea- 
sible. It appears that either myocardial gas tension or 
intramyocardial S-T segment voltages could be used 
independently to indicate the presence of regional 
ischemia. Development of a method for intraoperative 
assessment of the functional significance of multiple 
coronary stenoses would significantly aid evaluation of 
patients undergoing coronary revascularization. It 
would allow the cardiac surgeon to assign more ration- 
ally priorities to coronary arteries being considered for 
bypass in patients with multiple vessel disease. Fur- 
thermore, repeat of the pacing procedure after revas- 
cularization would allow the surgeon to evaluate the 
functional adequacy of the bypass grafts before closing 
the chest. 
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To determine the sequence of changes in segmental myocardial function, T" 


regional lactate metabolism and global left ventricular function induced 


by mild regional ischemia, blood flow in the left anterior descending a 
coronary artery of 10 dogs was reduced by 10 percent decrements with — 


use of a screw clamp. At each level of flow, segmental mechanical 
function and regional metabolism were assessed, the former with use of 
a mercury-in-Silastic length gauge and the latter with transmyocardial 
lactate balance measurements obtained with sampling from the anterior 


interventricular vein. Coronary arterial flow at the onset of regional lactate 


production was 48 + 4 percent (mean + standard error of the mean) of 
the control value. The onset of segmental mechanical dysfunction coin- 


cided with the onset of lactate production. Epicardial S-T segment ab- Ad 
normalities over the ischemic zone usually could not be detected until 


coronary flow was further reduced. After the onset of regional ischemia 
there was a linear correlation between coronary arterial flow and regional 
lactate production. 


At the onset of mild regional ischemia, defined as the onset of regional 
lactate production, no significant or directionally consistent changes were  - 


noted in standard measurements of global left ventricular performance, 
including heart rate, mean aortic pressure, left ventricular end-diastolic 
pressure, cardiac output, stroke volume, stroke work and peak positive 
dP/dt (maximal rate of rise of pressure). However, peak negative dP/dt 
(maximal rate of pressure decrease) decreased from 99 + 2 to 89 + 3 
percent of the control value (P «0.0005) coincident with the onset of 
ischemia. It is hypothesized that dyssynchronous wall motion in the 


ischemic zone during isometric relaxation accounts for this decrease in — 


peak negative dP/dt. 


Although the effects of total coronary arterial occlusion on regional 
myocardial mechanical function and metabolism in the dog are well 


known,!-? this information may not be relevant to clinical myocardial | 
ischemia because recent evidence suggests that ischemia in man is rarely — 
initiated by total coronary occlusion.* Fewer data are available con- 
cerning the effects of partial reduction in coronary flow although a - 
predictable sequence of changes in regional mechanical function induced . - 


by decrements in left anterior descending coronary arterial flow has been 
described. Until flow was reduced to 30 to 70 percent of control levels, 


segmental function remained well preserved; thereafter, mechanical  : 
function deteriorated rapidly with further small decrements in coronary 
flow.” The effect on regional lactate metabolism of graded regional — 


ischemia induced in this manner has not been described, and it has not 
been established whether changes in regional mechanical function 
precede, follow or occur simultaneously with changes in regional lactate 
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3 balance. In addition, the effect on global left ventricular 


function of these changes in regional function remains 
to be defined. 

This study was therefore undertaken for two pur- 
poses: (1) to define the relation of changes in regional 
lactate balance to both the level of coronary flow and 
segmental mechanical function after graded reductions 


. in left anterior descending coronary arterial flow, and 


(2) to define the earliest changes in global left ventric- 
ular function caused by regional myocardial isch- 
emia. 

Methods 


Instrumentation and measurements: Studies were car- 
ried out in 10 mongrel dogs weighing 26 to 45 kg. The animals 


- received 2.2 mg/kg body weight of morphine sulfate intra- 


. muscularly 30 minutes before anesthesia was induced with 100 


mg/kg of alpha chloralose. After endotracheal intubation, 


. respiration was maintained with a Harvard ventilator. A left 


thoracotomy was performed through the fifth intercostal 
space and the heart was supported in a pericardial cradle. 
Systemic arterial pressure was monitored continuously with 
a P23Db pressure transducer (Statham Instruments, Hato 
Rey, Puerto Rico) attached to a 25 cm catheter advanced 


- through a carotid artery to the ascending aorta. Left ventric- 


ular pressure was measured through a stiff 6 cm no. 10F can- 
nula inserted into the left ventricle at the apex and connected 
directly to a pressure transducer (model BT-70, Biotech, 


. Pasadena, California). The first derivative of left ventricular 


. mmHg/sec 


pressure (dP/dt) was obtained using a Honeywell resis- 

tance-capacitance differentiating circuit. When tested with 

. wave forms of known slopes, this circuit was flat (+5 percent) 
from 0.5 to 50 hertz. 

In 6 of 10 dogs cardiac output was measured as ascending 

aortic flow with use of an electromagnetic flowmeter (model 

RC1000, Micron Instruments, Los Angeles, California). Left 


= ventricular stroke work was calculated from the formula: 


SW = SV x (AP - LVEDP) x 0.0136 


where SW = stroke work, SV = stroke volume, AP = mean 
aortic pressure and LVEDP = left ventricular end-diastolic 
pressure. Left anterior descending coronary arterial flow was 
determined with an electromagnetic flowmeter (model 
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RC1000, Micron Instruments), using a 2 mm probe on either 


the proximal or mid-left anterior descending coronary ar- 
tery. 

Regional mechanical function was assessed with methods 
previously described from this laboratory.%56 In brief, a 1 cm 
mercury-in-Silastic? length gauge (Parks Electronics, Bea- 
verton, Oregon) was sutured to the epicardium parallel to the 
superficial fibers, in the center of the area perfused by the left 
anterior descending coronary artery. The stiffness of this 
gauge is 1 g of force per 5 percent elongation. The length gauge 
was prestressed for 30 minutes before each experiment; it was 
calibrated by attaching the ends of the gauge to the jaws of a 
vernier caliper and extending the gauge by fixed increments. 
The resting length of the gauge was 10 mm and when in use 
its length varied from 12 to 20 mm. Within such a range, the 
calibration of the gauge is linear +5 percent. The dynamic 
frequency response of the gauge is flat +10 percent from 0 to 
10 hertz. Shortening of the gauge during the period of left 
ventricular ejection was used to assess segmental mechanical 
function. 

The anterior interventricular vein was cannulated with a 
5 cm, 20 gauge thin walled Teflon? catheter (Beckton-Dick- 
inson and Company, Rutherford, New Jersey). In all animals 
this vein appeared to drain the myocardial segment perfused 
by the left anterior descending coronary artery. Blood samples 
for lactate balance were obtained simultaneously from the 
femoral artery and the anterior interventricular vein. To avoid 
spurious sampling, regional venous blood was withdrawn 
through a Y system, allowing continuous visualization of the 
aspirating pressure, which was never allowed to exceed 1 cm 
of water. Blood samples were immediately analyzed in du- 
plicate for lactate concentration by a modification of the en- 
zymatic method of Marbach and Weil, using a semi-auto- 
mated Gilford spectrophotometer (model 300N). Regional 
myocardial lactate balance was expressed by the formula (A 
— V)/A X 100, where A is arterial lactate concentration and 
V is regional venous lactate concentration. A lactate balance 
of more than 10 percent was considered to be within the nor- 
mal range. A lactate balance of less than 0, indicative of re- 
gional lactate production, was accepted as evidence of regional 
ischemia. 

With use of a cotton wick electrode soaked in saline solution 
and attached to the chest lead, an epicardial electrogram was 


FIGURE 1. Sequential changes in regional mechanical 
function, regional lactate balance and global left ven- 
tricular function from control levels to three reduced 
levels of left anterior descending coronary arterial (LAD) 
flow during a typical experiment. See text for detailed 
description. AP = aortic pressure; DP/DT = first deriv- 
ative of left ventricular pressure; L; = recording from the 
length gauge in the distribution of the left anterior de- 
scending artery; LVP — left ventricular pressure. 
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lOO; e» je T Observations 
FIGURE 2. Effects of sequential decrements in left mf 7) 


anterior descending coronary arterial (LAD) flow 80 
upon regional mechanical function (A) and re- 
gional lactate balance (B) begin at approximately 
the same level of flow and thereafter decrease 
together in parallel fashion. The numbers in pa- 
rentheses indicate the number of dogs in which 
observations were made at the flow level shown. 
Fewer observations were made at lower flow 
levels because flow reductions were not continued 
past the point at which severe regional mechan- 
ical dysfunction appeared. AL = shortening of 
length gauge during left ventricular ejection; M + 
SEM = mean + standard error of the mean. 


recorded in 6 of 10 dogs from the center of the ischemic zone. 
All pressure, flow, regional length and electrocardiographic 
signals were recorded both on paper (Visicorder model 1505, 
Honeywell, Inc., Denver, Colorado) and magnetic tape (model 
GR-2900, Consolidated Electrodynamic Corporation, Pasa- 
dena, California). 

Experimental procedure: A screw clamp was placed 
around the left anterior descending coronary artery just distal 
to the flowmeter. Particular care was taken that no small 
branches were present between the clamp and flowmeter. 
When all hemodynamic variables were stable, control mea- 
surement was made of pressures, flows, epicardial electrogram 
and lactate balance. By tightening the screw clamp, flow in 
the left anterior descending coronary artery was reduced by 
decrements of 10 or 20 percent. 

After 5 minutes at each level of flow, all measurements were 
repeated. Sequential reductions in flow were continued until 
either coronary arterial flow reached 0 or severe segmental 
mechanical dysfunction evolved as a consequence of reduced 
coronary artery flow. For purposes of definition, the point at 
which regional lactate production was first detected was 
termed the first ischemic level of flow and that just preceding 
it with a normal lactate balance was designated the critical 
level of flow. Peak positive and negative dP/dt and segmental 
systolic shortening were expressed as percent of control. The 
paired t test was used for statistical analysis, and results are 
reported as mean + standard error of the mean. 


Results 


Figure 1 illustrates the sequential changes in seg- 
mental mechanical function, regional lactate balance 
and global left ventricular function at control and three 
different levels of coronary arterial flow during a typical 
experiment. Although flow was reduced from 48 to 28 
ml/min between panel A and B, there was no significant 
change in any of the other variables measured. Further 
decrements in flow (panel C) caused regional lactate 
extraction to revert to production. This was associated 
with a slight increase in end-diastolic length in the 
ischemic zone and a small bulge at end-systole. The only 
variable of global left ventricular function to change to 
this point was peak negative dP/dt, which decreased by 
31 percent. As flow was further reduced (panel D), lac- 
tate metabolism and segmental mechanical function 
worsened. Only at this point were changes in other 
measures of global left ventricular function observed: 
peak positive dP/dt and mean aortic pressure decreased 
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and left ventricular end-diastolic pressure increased. — 





Regional consequences of ischemia: The first — 


ischemic level of coronary flow, defined as the levelat — - 


which regional lactate production was first detected, _ 


ranged between 20 and 80 percent of control flow, al- 
though in 7 of 10 dogs it was between 30 and 50 percent. 


The mean value for the first ischemic level of flow was _ 3 


48 + 4 percent of control flow. 


Regional lactate balance and segmental shortening x 
during ejection were compared with coronary arterial — 


flow for the nine dogs in which this was adequately 
measured (Fig. 2). Flow reductions from 100 to 60 per- 


cent of the control level produced no significant changes — 
in regional lactate metabolism, expressed as lactate 
balance, or segmental mechanical function, expressed _ 
as shortening during ejection. Further reductions inflow — 
caused a progressive decrease in both shortening during _ 


ejection and lactate balance. 


Lactate balance was compared with coronary flow | — 


as a percent of critical flow, defined as the last flow level 


associated with a normal lactate balance (Fig. 3). Be- 


cause tachycardia was found to shift greatly the slope - 
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FIGURE 3. Relation between regional lactate balance and left anterior 
descending coronary arterial (LAD) flow. This flow is expressed as 


lOO 


percent of critical flow, defined as the last flow level.associated with — 


a lactate balance greater than +10 percent. Data are recorded only for 


the seven dogs with a heart rate of less than 120 beats/min because 


tachycardia greatly shifted the slope of this line. 
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FIGURE 4. Effects of early regional ischemia upon indexes of global left ventricular function. Changes in these variables between critical (C) and 
|». first ischemic (FI) levels of left anterior descending coronary arterial flow are shown. Critical flow is defined as the last flow level associated with 
.. a regional lactate balance greater than + 10 percent, and first ischemic flow is defined as the first flow level with a negative lactate balance. A 
_ Statistically significant change occurred only for peak negative dP/dt (maximal rate of pressure decrease), which decreased from 99 + 2 to 89 
. +3 percent of the control value (P <0.0005). AP = mean aortic pressure (mm Hg); CO = cardiac output (liters/min); HR = heart rate (beats/min); 

__LVEDP = left ventricular end-diastolic pressure (mm Hg); PEAK (+) and PEAK (—) dP/dt = maximal rate of pressure increase and decrease, respectively 
_ (mm Hg/sec); SV = stroke volume (ml/beat); SW = stroke work (g:m/beat). 
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- of this line, data were plotted only for the 7 dogs with 
. a heart rate of less than 120 beats/min. When examined 
- in this manner, the data revealed a close linear corre- 
_ lation between coronary arterial flow and regional lac- 
. tate balance (r = 0.88). 
— An epicardial electrogram was recorded in 6 of the 
. 10 dogs from a consistent location near the center of the 
-. distribution of the left anterior descending coronary 
artery. In two dogs, S-T elevation appeared at the first 
- ischemic flow level and in three dogs it occurred only 
' with further reductions in flow; in one dog, the S-T 
. segment remained isoelectric in spite of severe regional 
. ischemia as evidenced by lactate production and me- 
- chanical dysfunction. 
—. Global consequences of ischemia: Coronary arte- 
. rial flow reductions to levels above critical flow pro- 
. duced no significant or consistent changes in total left 
5 ventricular function. In Figure 4, the indexes of global 
_ left ventricular function are compared at critical and 
- first ischemic levels of coronary flow. The mean lactate 
- balance at the critical level of flow was +28.2 + 2.7 
_ percent and at the first ischemic level of flow was —26.7 
+ 11.2 percent. The only index of global function that 
changed significantly between these two levels of flow 
. was peak negative dP/dt (maximal rate of decrease of 
_ left ventricular pressure), which decreased from 99 + 
.2 to 89 + 3 percent of the control value (P <0.0005). A 
. decrease in peak negative dP/dt occurred in all dogs but 
one, and in this animal a decrease of 14 percent occurred 
. at the next level of flow reduction. 
| 


— — 78 


> yr 


Peak positive dP/dt (maximal rate of rise of left 
ventricular pressure) decreased between the critical and 
first ischemic levels of flow in 7 of 10 dogs; the mean 
decrease for all dogs was from 99 + 1 to 96 + 4 percent 
of the control value (difference not statistically signif- 
icant). Neither heart rate, mean aortic pressure, left 
ventricular end-diastolic pressure, cardiac output, 
stroke volume nor stroke work changed significantly or 
consistently between these two flow levels. With further 
decrements in coronary arterial flow, the mean values 
for both peak positive and peak negative dP/dt con- 
tinued to decrease; at the most severe degree of flow 
reduction, peak positive dP/dt was 90 + 6 percent of the 
control level compared with 99 + 1 percent at the critical 
flow level (P «0.1), and peak negative dP/dt was 78 + 
5 percent compared with 99 + 2 percent during critical 
flow (P <0.0005). 


Discussion 
Regional Consequences of Ischemia 


This study characterizes the relations among coro- 
nary arterial flow, segmental mechanical function and 
regional lactate balance after sequential decrements in 
left anterior descending coronary arterial flow. Both 
segmental mechanical function and regional lactate 
balance were found to be independent of coronary ar- 
terial flow with decreases in flow to approximately 60 
percent of the control value. The coronary flow level 
measured at the onset of ischemia, termed the first 
ischemic flow level, was 48 + 4 percent of the control 
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value (range 20 to 80 percent). After the onset of re- 
gional ischemia, regional lactate production correlated 
closely with further decrements in coronary flow. Be- 
cause the severity and extent of regional ischemia are 
inversely proportional to coronary flow within this 
range, our data suggest that when coronary flow is 
progressively decreased in this manner, lactate pro- 
duction correlates closely with the extent and severity 
of ischemia. Therefore, a change in the magnitude of 
lactate production after an intervention should usually 
indicate directionally similar changes in the extent or 
severity of ischemia. 

Abnormalities in regional mechanical function and 
lactate balance began at approximately the same level 
of flow reduction. We conclude that for practical pur- 
poses, these changes occur together at the onset of 
ischemia. However, this conclusion is limited by the 
methods employed to detect the earliest abnormalities 
of mechanical function and lactate balance. The length 
gauge records epicardial motion, but ischemia begins 
subendocardially.? Therefore, methods that assess en- 
docardial wall motion might reveal abnormalities before 
lactate balance changes. Similarly, dilution with blood 
from nonischemic epicardial zones may obscure early 
subendocardial lactate production, even though samples 
were obtained from the anterior interventricular vein. 
S-T segment abnormalities recorded from the epicar- 
dium over the ischemic zone were a less sensitive de- 
tector of early ischemia than either regional lactate 
production or segmental mechanical function. 

Other investigators?-!4 have studied the metabolic, 
mechanical and electrocardiographic abnormalities 
induced by myocardial ischemia using models that less 
closely simulated clinical conditions. By occluding 
branches of the left anterior descending coronary artery, 
Sayen et al.>!0 found that regional mechanical abnor- 
malities preceded epicardial electrocardiographic 
changes. Scheuer et al.!! reduced left main coronary 
arterial perfusion to produce global left ventricular 
ischemia and detected lactate production in the coro- 
nary sinus and global mechanical dysfunction before, 
or coincident with, S-T changes. However, changes in 
regional function and metabolism were not studied se- 


Li 
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FIGURE 5. Case illustration for the hypothesis explaining ^ mmHg:sec Q 
the early decrease in peak negative dP/dt (maximal rate 1000 
of pressure decrease) induced by regional ischemia. See 100 
text for details. Slashed vertical lines = point of peak AP 
negative dP/dt. AP = aortic pressure; L; = recording from LVP 
length gauge in ischemic zone; Lz = recording from mmHg 


length gauge in nonischemic zone; LVP = left ventricular 
pressure. 
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quentially in any of these studies. Lekven et al.,!? using 
a model similar to that of Scheuer et al., found that in- 
creased segmental length preceded lactate production. 
Our results differ from those of Lekven et al., probably 


because we examined regional rather than global isch- — 


emia and lactate. In theory, because anaerobic metab- 
olism can generate comparatively limited fuel for me- 
chanical activity, a narrow flow range might exist in 
which a myocardial zone maintains a normal mechanical 
function while simultaneously exhibiting lactate pro- 
duction. 


Global Consequences of Ischemia 


Measurements of regional metabolism and mechan- 
ical function cannot be made with precision under 
clinical conditions. Therefore, a measurement of global 
left ventricular function that reliably detects early re- 
gional ischemia would be of value. Total coronary oc- 
clusion in the dog produces moderate to severe regional 
ischemia that alters measurable indexes of both global 


systolic function and diastolic compliance.?!^ Similar | 


changes occur in man when regional ischemia is induced 
by increasing myocardial oxygen consumption, as with 
exercise or atrial pacing.!® In contrast, there have been 


no studies of the effects on global left ventricular . 
function of mild regional ischemia caused by graded ~ 
reductions in coronary arterial flow as opposed to total — 


occlusion. 

The onset of mild regional ischemia in our study was 
consistently associated with a decrease in peak negative 
dP/dt that preceded changes in other indexes of left 
ventricular function. Peak positive dP/dt was a less 
sensitive and less consistent detector of early ischemia, 


and changes in heart rate, end-diastolic pressure, aortic - 


pressure, cardiac output, stroke volume, stroke work 
and epicardial S-T segments did not consistently occur 
with a mild degree of regional ischemia. 

Under different experimental conditions, other in- 
vestigators! 7-1? found peak negative dP/dt a sensitive 
indicator of early myocardial ischemia. Both McLaurin 


et al.!7 and Watanabe et al.!? demonstrated that after . 


total coronary occlusion in dogs, a decrease in peak 
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negative dP/dt slightly preceded changes in other in- 
dexes of global left ventricular function. 

Mechanism of the decrease in peak negative 
dP/dt: This mechanism does not appear to be related 
to factors that previous investigators??? have dem- 
onstrated to influence the level of peak negative dP/dt. 
Cohn et al.?! showed that peak negative dP/dt in the 
. absence of ischemia depended primarily upon left 
= ventricular contractility and end-systolic volume. 

Neither of these variables was directly measured in our 
_ study. However, because peak negative dP/dt decreased 
— before peak positive dP/dt, and because an isolated 
. change in contractility would be expected to affect both 
variables equally,”! an acute decrease in inotropic state 
is unlikely to be the primary explanation for the early 
decrease in peak negative dP/dt. Similarly, a decrease 
in end-systolic volume, which could also cause a de- 
crease in peak negative dP/dt, is an unlikely expla- 
nation for this phenomenon because no consistent 
changes in stroke volume, end-diastolic pressure or 
_ segmental end-diastolic length were observed at this 
. level of ischemia. Under different conditions, Weisfeldt 
- et al.? found that peak negative dP/dt was dependent 
.. primarily upon peak aortic systolic pressure, which was 
. unchanged in our experiment during the decrease in 
f; peak negative dP/dt. 
E We hypothesize that dyssynchronous wall motion in 
_ the ischemic zone during isovolumetric relaxation ac- 
- counts for the observed early decrease in peak negative 
_ dP/dt. Figure 5 illustrates the results from one experi- 
. ment in which length gauges were sutured to both nor- 
. mal and ischemic areas of the left ventricle. In the re- 
_ cordings made during the control state before ischemia 
E (panel A), the two length gauges lengthened and 
- shortened synchronously throughout diastole and sys- 
_ tole. With the onset of regional ischemia (panel B), the 
. recording from the length gauge over the nonischemic 
- area was relatively unchanged. However, the tracing 
- from the length gauge in the ischemic region exhibited 
less shortening during systole, bulged in late systole 
-. compared with the control contour, and recoiled in early 
I diastole. Because the ischemic segment had shortened 
only minimally and was elongated at the point of peak 
- negative dP/dt, it could not contribute to peak negative 
_ dP/dt by a rapid decrease in tension, and could indeed 
_ subtract from it. Because peak negative dP/dt can be 
- considered the sum of peak negative dF/dt values (F = 
force) from all segments of the left ventricle, the mag- 
 nitude of decrease in peak negative dP/dt from the 
_ control value might be expected to be proportional to 
_ the area of ischemic myocardium behaving in this dys- 
- synchronous fashion. 
_ Because our study was not designed to determine the 
| mechanism for the decrease in peak negative dP/dt, 
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length gauges were not routinely placed in nonischemic 
zones; therefore, we cannot rule out the possibility that 
changes in normal myocardium account for the de- 
crease observed. However, in all of our dogs the gauge 
in the ischemic zone lengthened compared with the 
control gauge at the point of peak negative dP/dt. 
Data from other investigators are consistent with this 
hypothesis. In isolated cardiac muscle studies,23-25 
hypoxia or ischemia causes a decrease in the force and 
duration of contraction. When two papillary muscles 
are arranged in tandem to simulate an intact ventricle, 
and one is made hypoxic, its developed force and du- 
ration of contraction decrease, causing it to be elongated 
by the normal muscle.?6 This results in a dyssynchrony 
of relaxation times between the two muscles, similar to 
the changes we have observed in the intact dog heart. 


Clinical Implications 


Our data should be extrapolated to man only with 
caution for two reasons: First, an isolated coronary 
stenosis causing a single acute ischemic zone, as in our 
model, is probably an uncommon clinical occurrence. 
Second, both anesthesia and thoracotomy significantly 
alter the integrated physiologic response to coronary 
occlusion.?? Nevertheless, the close correlation after the 
onset of ischemia between coronary flow and lactate 
production suggests that, under certain circumstances, 
directional changes in lactate production in a patient 
might reflect changes in the degree of ischemia. In 
practice, coronary sinus lactate measurements are more 
frequently used in man than the technically difficult 
procedure of isolating the venous drainage of the isch- 
emic segment?5; measurement of lactate balance at the 
coronary sinus level is a less sensitive index, and local- 
ized abnormalities may be obscured by blood from 
normal zones.! 

The consistent decrease in peak negative dP/dt with 
mild ischemia may be a useful indicator for detecting 
ischemia during pacing studies. The measurement is 
easier to obtain than coronary sinus lactate measure- 
ments, more sensitive than S-T segment changes and 
more objective than symptoms of chest pain. Because 
the left ventricular end-diastolic pressure response to 
pacing is usually measured during studies to evaluate 
myocardial ischemia, no further catheter placement is 
required to record dP/dt. 
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The effects of various drugs on delayed activation of the ischemic myo- 
cardium and the incidence of ventricular arrhythmias were studied in 34 
open-chest anesthetized dogs. The left anterior descending coronary 
artery was occluded for 6 minutes before and 6 minutes and 42 minutes 
after administration of aprindine (2.85 mg/kg body weight), quinidine (8 
mg/kg) and verapamil (0.2 mg/kg) and during infusion of isoproterenol 
(0.2 ug/min). The time intervals from the onset of the QRS complex to 
the major deflection of the bipolar electrograms recorded within the 
normal and ischemic zones were measured at cycle lengths of 500, 400 
and 300 msec and were correlated with the development of ventricular 
arrhythmias. At a cycle length of 500 msec, aprindine increased by 19.5 
msec the delay in activation time produced by coronary ligation alone (P 
«0.05), whereas verapamil reduced by 10 msec the extent of isch- 
emia-induced conduction delay (P <0.05). The delay in activation time 
in the ischemic zone was not significantly altered by quinidine or iso- 
proterenol. The incidence of ventricular arrhythmias was increased by 
aprindine (from 1 in 11 to 8 in 11 dogs), decreased by verapamil (from 
3 in 7 to 0 in 7 dogs) and was not changed by quinidine or isoproterenol. 
Thus, delayed activation of the ischemic myocardium appears to play an 
important role in the genesis of early arrhythmias due to myocardial 
ischemia, and drugs that significantly depress conduction in the ischemic 
myocardium may predispose to the development of ventricular arrhythmia 
whereas those that improve conduction may be protective. Contrary to 
their effects on slow channel-dependent conduction, verapamil improved 
and isoproterenol worsened conduction during ischemia. 


Delayed activation of the ischemic myocardium has been noted by many 
investigators? and, in recent studies,?-9 attempts have been made to 
quantitate the extent of conduction delay and to correlate it with the 
incidence of ventricular tachyarrhythmias at the time of coronary oc- 
clusion. It was found that drugs that increased the extent of conduction 
delay produced by myocardial ischemia either had no effect on the in- 
cidence or time to onset of ventricular arrhythmias’ or could actually 
reduce the number of ventricular extrasystoles.? Because conduction 
delay importantly influences the genesis of arrhythmias,?? we believed 
that these findings might reflect the effect of drugs that only minimally 
altered the extent of conduction delay and that other possible antiar- 
rhythmic effects of these drugs might counterbalance the slight increase 
in conduction delay they produced. Therefore, we performed similar 
studies, using drugs that we found dramatically altered the extent of 
ischemia-induced conduction delay. In addition, because the electro- 
physiologic changes resulting from myocardial ischemia predispose to 
generation of the “slow response," 9-1! we evaluated the effects of 


verapamil and isoproterenol on myocardial conduction during isch- 
emia. 


544 April 1977 The American Journal of CARDIOLOGY Volume 39 





[y um CK ee NEN" |^ Pr ae ^. TY "m" vos qx WE TE or" Gl 
y d NN g i A fi hls Oe ad Nee DX 4 € Ln t$, 7 gr” adi WRT al | 
^ u 7 


Methods 


= Mongrel dogs weighing 10 to 25 kg were anesthetized with 
intravenously administered sodium secobarbital (30 mg/kg 
body weight). After intubation and ventilation with a Harvard 
. . respirator, the dogs underwent a left lateral thoracotomy and 
— the heart was cradled in the pericardium. A heating blanket 
- was used to maintain normothermia. Fluid losses incurred 
during the experiment were replaced by infusing lactate 
Ringer’s solution (200 ml/hour) into an external jugular vein. 
-. The blood pressure was monitored with a catheter inserted 
into the carotid artery and connected to a Statham 23BD 
strain gauge transducer. 
Acute myocardial ischemia was produced by single stage 
complete occlusion of the left anterior descending coronary 
. artery 2 to 3 cm distal to its origin, using a nontraumatic ar- 
— . . terial clamp or an umbilical tape. Dogs were subjected to three 
ischemic episodes of 6 minutes' duration each and allowed to 
recover for 30 minutes between ligations. 
. . Multipolar plaque electrodes were sutured on the epicar- 
dium of a normal zone not affected by myocardial ischemia 
a and on the epicardium of the potentially ischemic zone. The 
~ normal zone was located at the base of the right ventricle and 
ü- the ischemic zone was located at the bifurcation of the left 





= anterior descending coronary artery and its first diagonal 
|. — branch. Plunge electrodes were used to record endocardial 
IRSE. activity of the ischemic zone, at a site directly beneath the 
-epicardial recording electrode. Bipolar electrograms from the 
—— . ischemic and normal zones were amplified (Electronics for 
- Medicine DR 8 recorder), filtered (40 to 500 hertz) and dis- 
| - played on a memory oscilloscope (Tektronix D11) along with 
. .  alead II electrocardiogram at a sweep speed of 20 msec/div. 
- — Data were also recorded on a four channel frequency modu- 
-lation tape recorder (Hewlett-Packard) for later replay and 
analysis. The time interval from the onset of the QRS complex 
to the major deflection of the bipolar electrogram (Q-elec- 
= trogram interval) recorded from the ischemic and nonischemic 
|J. — zones was measured. 
| The sinus node was crushed and the atrium was paced at 
a cycle length of 500 msec. To study the effect of heart rate on 
the Q-electrogram intervals during myocardial ischemia, the 
» atrium was paced at a cycle length of 500 msec for 5 minutes, 
T and then the cycle length was decreased from 500 to 400 msec 
Bs for 30 seconds and to 300 msec for an additional 30 seconds. 
At this point, the coronary occlusion was released and atrial 


FIGURE 1. Progressive delayed 


. .. ofthe left anterior descending cor- 
onary artery (upper panel). NZ is the 

A epicardial bipolar electrogram re- 
corded from a normal zone at the 
base of the right ventricle; IZ is that 
recorded from the ischemic zone; 

I| = lead Il electrocardiogram. Atrial 
pacing at a cycle length (CL) of 500 
msec was maintained until 5 min- 

utes after the coronary occlusion. 

-= The cycle length was then de- 


CONTROL CL 500ms 3min 


creased to 400 msec, which re- IZ 
i) . . sulted in greater delay in activation 
E of the ischemic zone. Decrease of 


the cycle length to 300 msec (lower 

.. panel) resulted in increased con- 
|. .. duction delay and the development 
E. "US of ventricular arr hythmias. 5min45sec | CL 300ms 
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pacing again resumed at a cycle length of 500 msec. If ven- 2 a 
tricular fibrillation occurred, the heart was defibrillated within — | 


“10 to 15 seconds with a 5 to 10 watt-second direct current ct 


shock delivered from a cardioverter (American Optical o 
Company). $E 
The effect of the following drugs on ischemia-induced © In 
conduction delay was determined: aprindine* (2.85 mg/kg, — — 
no. = 11 dogs); quinidine (8 mg/kg no. = 8 dogs); verapamil! x. 
(0.2 mg/kg, no. = 8 dogs) and isoproterenol (0.2 ug/kg per min, i 
no. = 7 dogs). Aprindine, quinidine and verapamil wereeach — - 
administered in eight equally divided doses over a period of = 
15 minutes. Drug administration was completed 6 minutes —— 
before the start of the second period of occlusion of the left — 
anterior descending coronary artery. EE 
The following two exceptions to this protocol were made 
to accommodate the specific effects of verapamil and iso- 
proterenol: Because the negative dromotropic effect of 
verapamil on atrioventricular (A-V) conduction might have — ~ 
prevented 1:1 A-V transmission to the ventricles while the — 
atrium was paced at rapid rates,'? in the dogs given verapamil 


pacing was performed from the base of the right ventricle - a 
through the multipolar plaque electrode sewn in the normal 
zone. The second exception dealt with the dogs given isopro- 

terenol. Intravenous infusion of isoproterenol was begun 5 — 
minutes before the second period of coronary occlusion and  - 


maintained until the occlusion was released. Moreover, in this . 


* 


> 
x 
B 
f. 
N 


group, the atrium was paced at a cycle length of 300 msec E 


-+ 


throughout the entire 6 minutes of coronary occlusion. DE 


Results Sa 

Control Values A 
The typical changes in electrographic amplitude, 
duration and activation time after coronary occlusion — - 
are illustrated in Figure 1, which was obtained from one — 
dog. No changes occurred in the electrogram recorded — 
from the normal zone. However, loss of amplitude, in- __ 
creased duration and delayed activation in relation to | 
the onset of the QRS complex were usual findings in the 5 
electrogram recorded from the epicardial ischemic zone. _ 







* Generously supplied by Alfred F. Fasola, MD, PhD, Eli Lilly Com- 


pany. 
t Generously supplied by Knoll Pharmaceutical Company. 
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pacing at a cycle length (CL) of 500 msec. NZ and IZ. are, respectively, 


n 


i 


The delay in activation of the ischemic zone was usually 
manifest after 2 to 3 minutes of coronary occlusion and 
progressed with time. In the experiment illustrated in 
. Figure 1, delay in activation reached 17 msec after 5 
minutes of myocardial ischemia when pacing was per- 
formed at a cycle length of 500 msec. Under these spe- 


_ cific conditions, that is 5 minutes after coronary occlu- 
- Sion during atrial pacing at a cycle length of 500 msec, 


the mean activation delay in 27 dogs (excluding those 
treated with isoproterenol) was 19 msec. Conduction 


. delays observed at the endocardial ischemic zone were 


much shorter than those observed at the epicardium, 
and averaged only 5 msec. 

Decreasing the cycle length to 400 and 300 msec re- 
sulted in greater delay in activation of the epicardial 
ischemic zone (Fig. 1). Moreover, loss of any discernible 


- deflection, despite greater amplification, occurred 


commonly at these shorter cycle lengths and prevented 
measurement of the ischemic zone activation time in- 


- terval. Faster heart rates were also associated with the 


development of ventricular arrhythmias, including 


CONTROL ISCHEMIA 
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FIGURE 2. Effect of aprindine on conduction delay produced by a 5 


minute occlusion of the left anterior descending coronary artery during 


bipolar electrograms recorded from the epicardium of a normal zone 


. and the ischemic zone; |Z,,, is that recorded from the endocardium of 


i 


: 
à 
1 


the ischemic zone. The left and right panels were recorded before and 
after 5 minutes of coronary occlusion before (A), 11 minutes after (B) 
and 47 minutes after (C) administration of aprindine (2.85 mg/kg). Note 
that the 5 minute coronary occlusion 11 minutes after administration 


. of aprindine produced an increased degree of conduction delay when 
. compared with the value before or 47 minutes after administration of 


aprindine. Horizontal line-40 msec; amplification of the IZep electrogram 
in right panels is increased 4 times in A and 10 times in B and C com- 


. pared with that in panels at left. ECG = lead ll electrocardiogram. 
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premature ventricular extrasystoles, ventricular 
tachycardia and ventricular fibrillation. Seven of 27 
dogs exhibited these ventricular arrhythmias during the 
control ligation, but only 2 did so during the first 5 
minutes of pacing at a cycle length of 500 msec. 


Effect of Drug Pretreatment 


Aprindine: Figure 2 shows the effect of aprindine on 
conduction delay observed after 5 minutes of coronary 
ligation during pacing at a cycle length of 500 msec. 
Before administration of aprindine, ischemia delayed 
the activation of the epicardium by 34 msec and of the 
endocardium by 4 msec in this example; no change was 
seen in the normal zone. Repeat coronary ligation begun 
6 minutes after administration of aprindine delayed the 
epicardial ischemic zone activation time by 58 msec and 
the endocardial activation time by 10 msec. Thus, ap- 
rindine increased ischemia-induced conduction delay 
by 24 msec at the epicardium and by only 6 msec at the 
endocardium, 11 minutes after drug administration. 
Forty-seven minutes after administration of aprindine, 
a third coronary ligation produced conduction delay 
comparable with that obtained before administration. 
In this dog, ventricular arrhythmias did not occur when 
the atrial cycle length was decreased to 400 and 300 
msec during the control occlusion or at 47 minutes after 
aprindine administration, whereas ventricular fibril- 
lation occurred during the second coronary occlusion 
during pacing at a cycle length of 400 msec. 

Verapamil: Pretreatment with verapamil reduced 
the extent of conduction delay after occlusion of the left 
anterior descending coronary artery. In the experiment 
shown in Figure 3, with pacing at a cycle length of 500 
msec, 5 minutes of coronary occlusion resulted in a 
completely flat tracing at one epicardial electrode and 
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FIGURE 3. Effects of verapamil on ischemia-induced conduction delay. 
IZ, and IZ, are two epicardial bipolar electrograms obtained from the 
ischemic zone during pacing at the base of the right ventricle at a cycle 
length of 500 msec. The left and right panels were obtained before and - 
5 minutes after coronary occlusion, before (A), 11 minutes after (B) and 
47 minutes after (C) administration of verapamil (0.2 mg/kg). Note that 
11 minutes after administration of verapamil, the extent of conduction 
delay at IZ, and IZ» was less than either before or 47 minutes after. 
verapamil administration. | 
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a delayed activation of 36 msec at the other electrode 
in the ischemic zone. This control episode of ischemia 
resulted in ventricular tachycardia during pacing at a 
cycle length of 300 msec. Six minutes after adminis- 
tration of verapamil a repeat coronary occlusion was 
begun and after 5 minutes produced a conduction delay 
of 15 and 13 msec, respectively, at the two epicardial 
electrodes during pacing at a cycle length of 500 msec. 
Flattening of the epicardial recording was prevented. 
No ventricular arrhythmias occurred during pacing at 
a cycle length of 400 or 300 msec. Finally, 47 minutes 
after verapamil was given, a third coronary occlusion 
produced ventricular conduction delays comparable 
with those observed before administration of verapamil 
and ventricular tachycardia again occurred during 
pacing at a cycle length of 300 msec. 

Verapamil also prevented ischemia-induced frac- 
tionation of the epicardial electrogram. In the record- 
ings shown in Figure 4, fractionation of the electrogram 
seen during the control ligation was prevented by ad- 
ministration of verapamil before the coronary occlusion. 
'This dog had ventricular tachycardia during pacing at 
a cycle length of 400 msec during the control occlusion 
but did not manifest this arrhythmia during pacing at 
a cycle length of 400 or 300 msec after administration 
of verapamil. | 

Extent of ischemia-induced conduction delay 
(Table I): Aprindine prolonged the activation time 
from a mean value of 11.5 to 30.5 msec (P «0.05, paired 
analysis) whereas verapamil decreased it from a mean 
value of 21 to 10 msec (P «0.05). Pretreatment with 
isoproterenol or quinidine did not significantly alter the 
conduction delay produced by myocardial ischemia. 
Values returned toward control level 47 to 48 minutes 
after drug administration. 

Ischemia-induced ventricular arrhythmias: 
Table I also relates these changes in activation time to 
the incidence of ventricular arrhythmias that occurred 
during pacing at cycle lengths of 500, 400 and 300 msec 
during myocardial ischemia. In 11 dogs aprindine in- 
creased the incidence of ventricular tachycardia or 
ventricular fibrillation from 1 to 8 episodes. In the group 
given quinidine, two of eight dogs manifested ventric- 
ular fibrillation both before and after the drug was ad- 
ministered. Pretreatment with verapamil reduced the 
incidence from 3 to 0 in eight dogs. In the group given 
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FIGURE 4. Effect of verapamil on the fractionation of the epicardial 
electrogram recorded from the ischemic zone (IZ) after 5 minutes of 
occlusion of the left anterior descending coronary artery during pacing 
at a cycle length of 500 msec. Left panel, before coronary occlusion; 
center and right panels were obtained 5 minutes after coronary oc- 
clusion, before (center) and 11 minutes after (right) administration of 
verapamil. Note that verapamil (right panel) prevented the fractionation 
recorded fromthe ischemic zone (middle panel). 
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isoproterenol, two of seven dogs had ventricular x 


tachycardia or fibrillation during the control ischemic - 


period, and these same dogs plus a third had such ar- — 


rhythmia during the second coronary occlusion while 
isoproterenol was being infused. 
'The same dogs that had ventricular tachycardia or 


manifested it 47 to 48 minutes after drug administration 
with the following exceptions: one dog treated with — 
verapamil had ventricular fibrillation before drug ad- — 
ministration but did not have it 47 to 48 minutes after | 


drug administration and one dog treated with isopro- 1 


P. 
fibrillation before administration of the four drugs also _ 





terenol had ventricular fibrillation during treatment as P 


well as 47 to 48 minutes after treatment. 


Discussion 
Conduction Delay and Ventricular Arrhythmias 


Although changes in the ventricular electrogram il | 
during myocardial ischemia have long been studied, ^? ` 
only recently have several investigators? 9 attempted — — 


to relate the extent of the conduction delay recorded in 


the subepicardial electrogram with the development of — - 
ventricular arrhythmias early after coronary occlusion. - 
The marked delay in activation time recorded in the | 


of electrical activity beyond the T wave of the electro- 
cardiogram provide suggestive evidence that a reentrant — 


mechanism is the basis of these early arrhythmias.»5-10 J im 
This evidence is reinforced by the finding that ven- —— 
tricular automaticity does not appear to be enhanced 


early after coronary occlusion.!? 


Effect of drugs: If a relation exists between the ex-  . 
tent of conduction delay and the incidence of ventric- 3 * 


TABLE I 


Conduction Delay and Ventricular Tachycardia or 
Fibrillation (VT-VF) During a 6 Minute Coronary 
Occlusion Before and After Drug Administration 


After 
(11—12 min) 


After 


Before (47—48 min) 


AQ-IZ VT-VF AQ-IZ VT-VF AQ-IZ VT.VF -— 


Aprindine 11.5 1 30.5* = 13.5 1 
(no. = 11) 

Quinidine 27 2 32.5 2 26 2 
(no. = 8) 

Verapamil 21 3 10* 0 18t 2T 
(no. = 8) 

Isoproterenol! 18 2 23 3 224 3% 
(no. = 7) 


* P. <0,03. 


T Data based on six dogs of the original eight, including the three RY 
dogs that had ventricular tachycardia or fibrillation before drug 


administration. 


- Data based on four dogs of the original seven, including the j 
three dogs that had ventricular tachycardia or fibrillation during — — 


administration of isoproterenol. 
AQ-IZ 7 delay in activation time in the ischemic zone expressed in 
milliseconds. Values obtained at cycle lengths of 400 and 300 msec 







are not presented for aprindine, quinidine and verapamil because . 
some electrograms become flat and fragmented at these pacing rates — — 


and activation time could not be measured accurately. Values are 


those at a pacing cycle of 500 msec except for isoproterenol (300 
msec). 
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.. ular arrhythmias, one might expect that drugs that in- 
- crease the degree of conduction delay would also in- 
. crease the incidence of ventricular tachycardia and fi- 
 brillation whereas those that decrease the degree of 
.. conduction delay would decrease this incidence. How- 
ever, Hope et al.,’ in documenting the effects of lido- 
caine, procainamide and propranolol on ischemia-in- 
duced conduction delay and ventricular arrhythmias, 
_ found that lidocaine hastened the time course of con- 
_ duction delay in the ischemic zone and reduced, al- 
-~ though not significantly, the time to onset of ventricular 
-— arrhythmias. Procainamide and propranolol minimally 
-. increased the extent of conduction delay but did not 
. affect the incidence of ventricular arrhythmias. Kup- 
 ersmith et al. examined the effects of lidocaine,!4 pro- 
pranolol® and verapamil!? during acute myocardial 
ischemia and reported that all three drugs slowed in- 
traventricular conduction only in the ischemic myo- 
- cardium. However, although lidocaine and propranolol 
. reduced the incidence of arrhythmias, verapamil did 
. not. 
Our study demonstrated that both aprindine and 
. verapamil greatly alter the extent of ischemia-induced 
- conduction delay. Moreover, when the activation time 
- interval in the ischemic zone was prolonged, the inci- 
- dence of ventricular arrhythmias increased, whereas the 
incidence was decreased when the activation time in- 
terval was shortened. Quinidine and isoproterenol, 
_ which did not significantly alter the activation time 
- interval, had no effect on the incidence of ventricular 
 arrhythmias. 
— Thus, our data differ from previously reported find- 
. ings in that we found direct relation between a drug 
b intervention that greatly increased (aprindine) or de- 
_ creased (verapamil) the extent of ischemia-induced 
- conduction delay and the incidence of ventricular 
_ tachycardia or fibrillation. Drugs that only minimally 
. increased the degree of conduction delay (isoproterenol 
. and quinidine) did not alter the incidence of ventricular 
~ arrhythmias. 
b Role of antiarrhythmic agents: The discrepancy 
. between our data and those of others may be explained 
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-— by the magnitude of the changes in conduction delay 
d produced by aprindine and verapamil. It is probable 
_ that antiarrhythmic agents exert diverse actions on the 
- ischemic myocardium and that some of these actions 
- may be “arrhythmogenic” (for example, increasing the 
. amount of conduction delay) and other effects may be 
— “antiarrhythmic” (for example, equalizing action po- 
..— tential and refractory period durations between isch- 
- emic and nonischemic tissue). The effect on the inci- 
_ dence of ventricular arrhythmias will depend on 
_ whether antiarrhythmic or arrhythmogenic factors 
_ predominate. Therefore, in drugs that greatly lengthen 
E or shorten conduction delay this factor may predomi- 
~ nate and thus affect the development of ventricular 
_ tachycardia and fibrillation. 

Pathogenesis of ventricular arrhythmias: Con- 
.. duction delay in the ischemic or infarcted myocardium 
. may influence the development of arrhythmias by 
. creating an island of asynchronous activation in which 
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all elements cannot conduct uniformly. In this study, 
we precipitated ventricular arrhythmias by rapid pac- 
ing, which results in an increased degree of ischemia, 


. more conduction delay and probably prevents each of 


the elements in the ischemic or infarcted area from 
being able to conduct in a 1:1 response to each stimulus. 
This factor probably creates areas of block and thus sets 
the stage for the development of reentrant arrhythmias. 
It is of interest that less conduction delay occurred at 
the endocardial surface of the myocardium than at the 
epicardial surface. Such heterogeneity may contribute 
further to the genesis of ventricular arrhythmias and 
may be explained by the presence of viable Purkinje 
fibers and a viable inner shell of endocardium, nour- 
ished by the effects of cavity blood,!6!" which help 
preserve on a short term basis nearly normal endocar- 
dial conduction. 


Slow Response 


The effects of verapamil and isoproterenol on the 
ischemia-induced conduction delay were contrary to our 
initial predictions, in view of the conjecture that the 
slow response, thought to be mediated by a slow inward 
calcium (or sodium) current, was responsible for im- 
pulse propagation in the ischemic zone.?-1! If this con- 
cept were true, then slow channel blockers like vera- 
pamil!? would be expected to slow further conduction 
through the ischemic myocardium whereas isoprote- 
renol, a slow channel agonist,!? might be expected to 
improve conduction. However, because the specific 
electrophysiologic action of a drug may not be the sole 
factor governing its effect on the extent of ischemia- 
induced conduction delay or the incidence of ventricular 
tachycardia and fibrillation, it is essential to consider 
other effects, such as hemodynamic or metabolic 
changes. If the degree of ischemia influences the extent 
of conduction delay and development of ventricular 
tachycardia and fibrillation, then the effects of vera- 
pamil may be explained by a reduction in the size of the 
ischemic injury, mediated by either hemodynamic or 
metabolic factors. Experimental data exist to support 
this possibility.???! Any direct effect of verapamil to 
block the slow response!? and prolong the conduction 
delay could be offset by a reduction in the extent of 
ischemia, which would serve to improve conduction. 

The deleterious effect of administration of positive 
inotropic agents, including isoproterenol, during myo- 
cardial ischemia has been demonstrated by S- T segment 
mapping.^^ However, in our study, isoproterenol did not 
significantly alter ischemia-induced conduction delay 
or the incidence of ventricular arrhythmias. It is possible 
that improved conduction in the ischemic myocardium 
caused by isoproterenol was counterbalanced by ex- 
tension of infarct size so that no net change in the degree 
of ischemia-induced conduction delay was observed. 


Experimental Model: Clinical Implications 


The validity of the open or closed chest dog as an 
experimental model in which to evaluate the electro- 
physiologic effect of drugs on conduction in the ischemic 
myocardium is thus affected by the possible metabolic 





or hemodynamic action of these drugs, which may in- 
fluence infarct size. In addition, because it is likely that 
the concentration of the drug perfusing the ischemic 
area will influence the results in a dose-response rela- 
tion, the method of drug administration becomes crit- 
ical. Problems related to distribution of drug in the 
ischemic myocardium were avoided in our study by 
administering drugs before occlusion of the left anterior 
descending coronary artery. However, it is possible that 
this method may cause an excessively high concentra- 
tion of the drug to be trapped in the ischemic area. 
When drugs are given after coronary occlusion the 
concentrations in the ischemic zone may be too low. It 
appears quite clear from the difference between our 
results and those of Kupersmith et al.!° regarding the 
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effects of verapamil that whether the drug is adminis- 
tered before or after coronary ligation importantly in- 
fluences both the magnitude and direction of the effects. 
It is not known which method of testing provides data 
more relevant to the clinical situation. The condition 
of patients already taking a drug at the time of myo- 
cardial infarction may more closely resemble that of the 
experimental model in which the drug is given before 
coronary occlusion. The condition of patients receiving 
the drug intravenously after an infarction may be more 
comparable with that of the model in which the drug is 
given after occlusion. It is probable that both forms of 
drug administration need to be investigated in the ex- 
perimental model before valid conclusions can be 
drawn. 
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Nineteen patients aged 1 month to 18 years underwent implantation of 
a cardiac pacemaker and were followed up for up to 9 years (average 
duration of pacing 54 months). Complete heart block was present in 16 
patients and sinus nodal dysfunction in 3. Heart block was presumably 
of congenital origin in eight, secondary to cardiac surgery in seven and 
subsequent to cardiac catheterization in one. Sinus nodal dysfunction was 
of presumed congenital origin in one and occurred after cardiac surgery 
in two. Pacing was required because of syncopal attacks in eight patients, 
three of whom also had congestive heart failure or low cardiac output on 
physiologic studies. It was required in four because of congestive heart 
failure, in two because of low cardiac output (one with a wide QRS 
complex), and in five for postoperative rhythm control. With return of sinus 
rhythm after 2 and 3 months, respectively, pacing was discontinued in 
two patients. One child with partially corrected disease died within 3 
months, one died of wound breakdown and sepsis after 10 months of 
pacing and one died suddenly 4 years after implantation. All others have 
returned to normal activity; only one requires cardiac medication. The 
degree of emotional stability has been striking. Asynchronous and atrial 
synchronous pacing are of equal therapeutic value. The very small ra- 
diofrequency implanted receiver has been useful in younger children. The 
major problems have been caused by the large size and short longevity 
of the generators and the child's growth stressing the lead system. 
Transvenously implanted pacemakers have presented no greater man- 
agement problems than those placed during thoracotomy. 


Implantation of cardiac pacemakers in children and adolescents has been 
limited for the following reasons: (1) Congenital complete heart block 
in infancy is often incompatible with survival with or without associated 
cardiac defects.! (2) Among patients with complete heart block who 
survive infancy, most remain asymptomatic until late in childhood when 
syncope or, less likely, congestive heart failure may occur in a relatively 
small number.! Sudden death may be the first manifestation of complete 
heart block. Some patients live asymptomatically into late adult life.? 
(3) Because of better comprehension of (a) the anatomy of the conduc- 
tion system, (b) electrical methods for determination of the sites of its 
vulnerability and (c) surgical techniques, the incidence of postoperative 
complete heart block has decreased drastically since the initial days of 
repair of congenital cardiac lesions. Permanent postoperative heart block 
now seems to occur only after the more complex operative repairs.? 
Delayed onset of heart block (up to 14 years postoperatively) still remains 
a problem.* (4) Symptomatic sinus nodal dysfunction is even more un- 
common than complete heart block in this age group. 

Thus, although permanent electrical cardiac pacing is an established 
method of therapy for selected infants, children and adolescents, long- 
term evaluation is relatively limited.^-!? Nineteen such patients who 
initially underwent pacemaker implantation between 1 month and 18 
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years of age have now been followed up for as long as 9 
years postoperatively (mean duration of pacing 54 
months). A reasonable assessment of the technical re- 
quirements, problems of management and the physical 
and emotional well being of the patients can now be 
made. 


Materials and Methods 


Patients: Of the 19 patients, 16 had complete heart block 
that was presumably of congenital origin in 8, the result of 
intracardiac operative repair in 7 and due to cardiac cathe- 
terization in 1. Sinus nodal dysfunction in three children was 
of congenital origin in one patient and occurred postopera- 
tively in two (Tables I and II). 

Cardiac catheterization and angiocardiography, but not His 
bundle studies, had been performed some time before pace- 
maker implantation in six of the nine patients with a con- 
genital defect (Table ITA). In addition to the usual studies for 
determination of congenital cardiac defects, cardiac output 
was measured during exercise and at rest with and without 
ventricular pacing. Three patients (Cases 1, 6 and 8) showed 
evidence of associated congenital heart disease (L transposi- 
tion of the great vessels). 

Sinus arrest was established as the cause of syncope in Case 
4 with use of 24 hour Holter monitoring. At the time of division 
of a patent ductus arteriosus 4 years previously, the electro- 
cardiogram in this patient was normal. 

Patient 7, who had no clinical evidence of heart disease, was 
observed frequently over a 3 year period. She was asymp- 
tomatic with an electrocardiogram that showed only a con- 
stant Wenckebach phenomenon (Mobitz type I block) and a 
normal response to exercise with a P-R interval of 0.16 second. 
After the sudden occurrence of two syncopal attacks with 
complete heart block, permanent pacing was instituted. 


Of the 10 patients requiring pacemaker implantation after 


cardiac surgical procedures (Table IIB), 9 experienced im- 
mediate complete heart block and 1 had sinus nodal dys- 
function. In seven, pacing was performed with the use of 
myocardial wires attached at the time of surgery. In the pa- 
tient (Case 13) who had complete heart block as a result of 
thrombotic occlusion of the left anterior descending coronary 
artery at time of cardiac catheterization, pacing was performed 
with a temporary transvenous pacemaker before permanent 
implantation. In this patient complete heart block or symp- 
tomatic sinus nodal dysfunction was considered persistent by 
the 12th day and thus a permanent pacemaker was implant- 
ed. 

Two surgically treated patients required later pacemaker 
implantation. Patient 14, operated on elsewhere for ventric- 
ular septal defect, had complete heart block but did not un- 
dergo cardiac pacing for 6 years postoperatively before her 
initial syncopal episode. For one asymptomatic child (Patient 
16) who had immediately postoperative transient complete 
heart block followed by left anterior hemiblock, right bundle 
branch block and first degree heart block, “prophylactic” 
permanent pacing seemed indicated because of the appear- 
ance 2 years later of a sinus bradycardia (rate 30/min) and a 
fixed parasystolic focus. 

Types of implanted pacemakers: Transvenous pacing was 
performed in 13 patients, 5 with ventricular inhibited, 6 with 
radiofrequency and 2 with asynchronous units (Table III). In 
one of these patients a radiofrequency unit was replaced with 
a ventricular inhibited unit when the child's growth allowed 
implantation of a larger generator. Seven patients have had 
myocardial electrode implantation with thoracotomy, five 
with atrial synchronous and two with asynchronous units. 


TABLE ! 


Indications for Pacemaker Implantation in 19 Patients 


Patients 
(no.) 





Complete heart block 16 
Congenital defect 8 
Syncope 
Syncope with low cardiac 
output or congestive 
heart failure 
Wide QRS with low cardiac 1 
output 
Low cardiac output j 1 
Postoperative complication 7 
Syncope 
Congestive heart failure 
No symptoms 
Cardiac catheterization com- 1 
plication 
Acute myocardial infarction 1 
with congestive heart failure 
Sinus nodal dysfunction 3 
Congenital defect 1 
Syncope 1 
Postoperative complication 2 
Congestive heart failure 1 
Left anterior hemiblock, right 1 
bundle branch block, 1° heart 
block, ventricular arrhythmia 


C2 C2 


ANN 





Only one patient required a change from transvenous im- - 


plantation to implantation with use of thoracotomy because 


of inability to retain proper positioning of the transvenous _ 4 
electrode in the apex of the right ventricle with a consequent 


loss of sensing and pacing. 
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Reoperations: During the follow-up period (average 54 x » 


months), 62 pacemaker operative procedures were required — 
for these patients, eight for each of the two patients under care — 


for 9 years. Only two children have gone for as long as 2 years 
without further surgical intervention (Table IV). 


Reasons for repeated pacemaker operation are indicated _ 
in Table V. Often procedures have been combined, such as | 


implantation of a new pulse generator near its anticipated 


expiration time, although repair of electrode fracture or other _ 


surgical manipulation was often the primary requirement. 


Results 


Clinical course: Sixteen of the 19 patients are well | 
and pursue normal physical activity with the exclusion — - 
of contact sports because of the potential for electrode 
fracture or displacement. Only one patient (Case 13) - 


requires digoxin and furosemide. Her electrocardiogram 
indicates diffuse anterior wall myocardial infarction and 


the echocardiogram shows evidence of significant left 


ventricular dysfunction. 


In two asymptomatic children (Patients 17 and 19), . 
permanent pacing was instituted postoperatively be- - 
cause of anticipated persistence of complete heart block. 
Spontaneous permanent reversion to sinus rhythm in ~ 
both patients allowed removal of the radiofrequency ~ 
pacemaker 3 and 2 months, respectively, after implan- . 
tation. Both patients have had sinus rhythm for 6 years — 


and 1 year, respectively. In the latter, His bundle study 
1 year postoperatively shows prolongation of both A-H 
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and H-V intervals at atrial pacing rates slower than - ii 
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TABLE II 
Clinical Features of 19 Patients 


dE CX ERN Pu c E xNM MI MI D MD E E a i io 9800572 TRIES IPSOS RULES a DN NEN UO OO 


Age at Duration 
Implanta- Indication of Implant 
no Sex Rhythm tion (yr) for Pacing (yr) Remarks 


ono nv ace WU m a a a ND QN PEE DOR NN RR RR 


A. Patients with Congenital Defect 


1 M CHB 12 Low CO); ventricular 9 L transposition; no associated cardiac 
rate 37 /min abnormalities 
2 M CHB 7 Syncope, low CO 7 Earlier 1° HB and alternating BBB; no 
associated heart disease 
3 M CHB 5 Syncope 5 No associated heart disease 
4 F 1° HB; sinus arrest 13 Syncope 4 Repair of patent ductus arterious at. 
age 9; then normal sinus rhythm; 
cardiac catheterization 
5 M CHB 17 QRS 0.14 second; 4 No associated heart disease. Died of 
ventricular rate unknown cause; pacemaker func- 
30/min; low CO tional 
6 M CHB 2 Syncope 2 L transposition with left A-V valve in- 
sufficiency 
7 F CHB 18 Syncope 1 Previous Wenckebach conduction; 
no cardiac catheterization 
8 M CHB 2 CHF; syncope 10/12 L transposition with ventricular septal 
defect. Died (gram-negative sepsis) 
9 F CHB 1/12 Sy ncope; CHF 3/12 No associated heart disease; LAH; 
RBBB; CHB 
B. Patients with Postoperative Complication 
10 F CHB 6 Persistent CHB 9 Common A-V canal (operated on else- 
where) 
11 M CHB 5 CHF 4 Subaortic stenosis; ventricular septal 
defect; pulmonary stenosis 
12 M CHB 6 Persistent CHB 4 L transposition; double outlet right 
ventricle (operated on elsewhere) 
13 F CHB; LAH; 18 CHF 2 Repair of ventricular septal defect at 
HBBB age 4; myocardial infarction during 
cardiac catheterization 
14 F CHB 12 Syncope 1 Ventricular septal defect with post- 
, operative CHB for six years (operated 
on elsewhere) 
15 M Sinus nodal dys- 1.5 CHF 1 Atrial septal defect; Holt-Oram syn- 
function; drome; RF capsule in place; pacing 
Wenckebach in abeyance 
conduction 
16 M LAH; RBBB; 11 Sinus nodal dys- 1 Tetralogy of Fallot (2 years postopera- 
1^ HB; ven- function tive); sinus rate 30/min with ventricu- 
tricular arrhyth- lar escape 
mia 
17 M CHB 8 Persistent CHB 3/12 Ventricular septal defect; pulmonary 
stenosis; spontaneous reversion to 
sinus rhythm; pacemaker removed 
18 F CHB; SVT 4 CHF 3/12 Double outlet right ventricle. Died. 
19 F CHB 7 Persistent CHB 2/12 Ventricular septal defect; pulmonary 


AV = atrioventricular; BBB = bundle branch block; CHB = com 


stenosis; spontaneous reversion to 
sinus rhythm; pacemaker removed 


plete heart block; CHF = congestive heart failure; CO = cardiac output; HB= 


heart block; LAH = left anterior hemiblock; RBBB = right bundle branch block; RF = radiofrequency; SVT = supraventricular tachycardia. 


TABLE III 
. Surgical Approach 


Approach 


Transvenous* 
Ventricular inhibited (VV1) 
Radiofrequency (VOO) 
Asynchronous (VOO) 
Total 
Thoracotomy 
Atrial synchronous (VAT) 
Ventricular inhibited (VV1) 
Total 





* Because of failure of a transvenously implanted pacemaker, one 


patient is listed twice. 


no. 





— 
NNO ONO 


TABLE IV 





Implantation Procedures* 








Procedures Patients 
(no.) 
8 2 
7 2 
6 1 
3 4 
2 4 
1 6 
Total 2 19 


* The average duration of pacing was 54 months. 
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those that yield a normal response in children.!! This 
may have some portent for the future. 

In Patient 15, who had postoperative sinus nodal 
dysfunction with intermittent Wenckebach phenome- 
non and consequent congestive heart failure because of 
the slow ventricular rate, the radiofrequency pacemaker 
was continued at a rate of 90 to 100/min for 1 year. 
When the pacemaker was inactivated the patient’s heart 
rate ranged from 70 to 150 beats/min with intermittent 
Wenckebach periods. The faster rates did not neces- 
sarily occur at times of stress but no evidence of con- 
gestive heart failure developed. His bundle study re- 
vealed prolongation of the A-H interval, persistent 
Wenckebach conduction at slow atrial pacing rates and 
a markedly variable spontaneous atrial rate. It was 
elected to leave the radiofrequency capsule and 
transvenous wires in place and to hold pacing in ab- 
eyance. 

Deaths: Three patients in this series died, only one 
as a result of pacemaker implantation. In this small 2 
year old boy (Patient 8), the atrial synchronous pulse 
generator could not be accommodated adequately in the 
abdominal position after myocardial electrode im- 
plantation. Ultimately skin necrosis resulted in gram- 
negative sepsis, 10 months after original implantation. 
In the other two patients death could not be attributed 
to implantation or pacemaker failure. One (Patient 18) 
died of advanced heart disease inadequately corrected 
surgically, and the other (Patient 5) was not pace- 
maker-dependent and died during adolescence of un- 
known cause after 4 years of pacing; the original indi- 
cation for pacemaker implantation was an idioventri- 
cular rhythm at a rate of 30/min with a low cardiac 
output. Postmortem examination was unrevealing, but 
the pacemaker was operating normally. 


Discussion 


indications for Pacemaker Implantation 


Indications for permanent pacemaker implantation 
in children and adolescents in this series of patients 
have been as follows: 


1. A syncopal attack in any patient with complete heart 
block or sinus nodal dysfunction. 

2. Congestive heart failure due to inadequate cardiac out- 
put resulting from a slow ventricular rate with either complete 
heart block or sinus nodal dysfunction. 

3. Complete heart block with a widened QRS complex and 
slow heart rate of 35 to 40 beat/min (thus representing an 
idioventricular focus) because of a greater potential for sudden 
death in such patients. !? 

4. Complete heart block with evidence on cardiac cathe- 
terization studies of inadequate cardiac output during mod- 
erately strenuous exercise. 

5. Postoperative complete heart block persisting for ap- 
proximately 2 weeks after cardiac surgery. 

6. The later occurrence of significant arrhythmias or sig- 
nificant sinus bradycardia in the postoperative patient whose 
electrocardiogram shows left anterior hemiblock, right bundle 
branch block and prolonged atrioventricular (A-V) conduc- 
tion. 
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TABLE V 


Indications for Operation in 19 Patients With a Cardiac 
Pacemaker 
te ee ee 
Instances. 
Indication (no.) 


eee ee ee * = 


Generator insertion or change 


Initial implantation 19 
Routine replacement 15 
Manufacturer's recall 2 
Reimplantation 3 
Electronic modification 6 


Change in pacing mode (2 cases) 
Electronic failure (4 cases) 
Electrode fracture 
Pacing discontinued (removal) 
Wound revision 
Infection 
7 procedures (1 patient [same in- 
fection] ) . 
1 procedure (1 patient) 
Total 62 


o-nNnm 





Management of Pacemaker Implantation | 


Management of children who require pacemaker 
implantation is of great difficulty, and no solution is 
totally satisfactory. 

There are four major problems: (1) the size of the 
pacemaker relative to the child's size; (2) growth which 
stresses the lead system; (3) the short life of pacemakers — - 
hitherto available; (4) the fragility of the lead system in 


the presence of a child's vigorous activity. Division of — 
childhood into at least three distinct periods is helpful — . 
in the understanding and attempted resolution of each — 


of the problems. HY 
Infancy to age 2 years: Virtually no pacemaker de- ~ 
signed for adults will be easily useful because of the 


pacemaker's size and the rapidity of the child's M 


growth. : 

Age 2 to 10 years: With progression of age, the  . 
problem of size diminishes and a variety of pulse gen- — — 
erators can be used. | a 

Age 10 to 18 years: Most pulse generators, especially — . 
the smaller adult units, can be used. The problem ofthe — . 
child's growth is twofold. During the first half of this — - 
period lower torso growth is rapid and that of the thorax 


less so, with thoracic size reaching 90 percent of adult — 3 
size by age 12 years.'? The problem of growth can be 


increased or ameliorated by the choice of site of im- 
plantation. ; | 
Implantation of the pulse generator in the subcuta- 


neous tissue of the thorax takes advantage of the smaller _ | 


increase in its linear dimension during growth. The — 

thoracic volume increase at the fourth power of linear  . 
increase is relatively less important because the elec- 
trode, stressed by growth, is more sensitive to linear 
(height) than to volume growth. Despite the value of 
pacemaker implantation in the subcutaneous tissue of 


the abdomen earlier in childhood (both the skin and the _ j 
muscles of the abdominal wall yield to accommodate the __ 
pacemaker), during the later years when growth is rapid 


such implantation can present a serious problem. 


April 1977 The American Journal of CARDIOLOGY Volume 39 553 d 


PAVING IN CHILDHEN AND ADOLESCENTS—FURMAN AND YOUNG 


Transvenous Versus Transthoracic Implantation 


Implantation with thoracotomy has been considered 
superior to transvenous implantation? largely because 
of the fixation of the myocardial electrode, which pre- 
vents its displacement and consequent cessation of 
pacing!^ and because the venous system in the child is 


alleged to be too small for transvenous implantation. 
Although suture fixation is more secure than the fibrous 
fixation of the transvenous electrode, the transvenous 
route is both useful and successful.!^ 

Transvenous electrodes: In the child with a rela- 
tively normal-sized right ventricle and normal right 





FIGURE 1. Patient 6. Congenital complete heart block and L-transposition of the great vessels in a 2 year old boy. The conventional transvenous 


electrode has been implanted by way of the right external jugular vein and is in 


the apex of the right (systemic) ventricle, well to the right of the midline 


in the posteroanterior projection (left) and normally anterior in the lateral projection (right). A small amount of slack was left in the electrode at 
the right atrial level to allow growth until subsequent pulse generator replacement. 


M Te. r ` » ha vs ; 
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FIGURE 2. Patient 3. Myocardial implantation, with thoracotomy, of an atrial synchronous pacemaker. One spare lead has been left unattached. 
Its position relative to the pulse generator is indicative of vertical growth during 1 year between age 8 (left) and 9 (right) years. 
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ventricular pressures, transvenous implantation offers 
no difficulties. The cephalic, external or internal jugular 
vein is of adequate size. A moderate amount of slack, 
usually inappropriate, can remain in the right ventricle 
to allow for growth (Fig. 1). Serial X-ray films no more 
than 6 months apart will indicate consumption of the 
extra length and tension on the point of intraventricular 
fixation. Before demonstrated electrode movement or 
tension, perhaps after 1 1/2 to 2 years of growth, reex- 
ploration allows the introduction of a new electrode 
length and replacement of the pulse generator (Fig. 
1). 

Myocardial electrodes: Implantation with thora- 
cotomy offers similar growth problems. Growth places 
tension on the lead system fixed at the myocardium and 
the point of attachment of the lead to the pulse gener- 
ator. Without movement of the generator, the electrode 
that lies in the mesothelial lined subcutaneous tunnel 
cannot accommodate growth and it, too, requires revi- 
sion by adding electrode length (Fig. 2). Concomitantly, 
if necessary, the pulse generator can be replaced. One 
technique, unused by us, is that of implantation with 
thoracotomy with fixation of the electrodes at the 
myocardium and placement of redundant electrode wire 
in the subcutaneous tissue within a Teflon® bag so that 
the redundant electrode is not fixed by an ingrowth of 
tissue and plays out as growth occurs. !® 


Selection of Pulse Generator and Pacing Mode 


Asynchronous (VOO)*: Most children with heart 
block have fixed complete block with no evidence of A-V 
conduction, few premature contractions, and a nodal 
focus with a rate of 50 to 60/min. Many are not pace- 
maker-dependent so that sudden cessation of pace- 
maker function will not cause syncope or death. In all 
but adolescents, pacemaker size is very important, 
whereas growth is of secondary importance, because 
erosion and skin breakdown can cause failure of the 
pacemaker before growth causes its problems. 

Almost all children with complete heart block can be 
managed with an asynchronous pacemaker, of which 
two models have been available. 

Radiofrequency pacing: One of the earliest pace- 
makers available, the passive radiofrequency implan- 
table capsule receives energy by transmission across the 
skin from a pulse generator and antenna carried exter- 
nally. The implantable module is the smallest and 
lightest commercially available (13 cc volume, 18 g 
weight) (Transicor, Cordis Corp.) and can be attached 
to an endocardial or myocardial electrode (Fig. 3). The 
external generator contains rate and output adjustment 
controls, is large, and is carried in a garment. Batteries 
in the external module are consumed rapidly but are 
readily replaced when exhausted.9:!? The rate can be 
varied as necessary and pacing can be discontinued yet 
held in readiness should it be required. (This is now 
being done in Case 15.) 


* The three letter code for pacemaker terminology is used as sug- 
gested in the report on Cardiac Pacemakers of Inter-Society Com- 
mission on Heart Disease Resources. '’ 
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There are two major disadvantages: Only an asyn- n 


chronous pacing mode is available; no noncompetitive 


(VVI) circuitry has been developed and none seems. 


likely. Therefore only children who are not pace- 


maker-dependent can be managed with radiofrequency — 


pacing because the antenna must be removed during 
bathing and it frequently falls from the skin. The im- 
plantable capsule, despite its simplicity of construction, 
has not been more reliable than conventional units and 
the associated antenna and external pulse generator 


have also been subject to mechanical and electronic č 


failures.!? 


Wholly implanted unit: Until recently the aithi : 
of the wholly implantable pacemakers has been the © 


Medtronic 5858, a mercury-zinc two cell unit incorpo- 


rating a voltage doubler and an output of 5.4 volts with | 


current limited to 10 milliamperes and pulse duration 


at 0.85 msec. Its weight is 78 g and volume is 45 ml. Its _ 
estimated longevity (no battery-depletion indicator — 


exists) is 18 to 24 months and it must be electively re- 


placed. It is available in a variety of rates from 70 to 


110/min. The unit has been both useful and reli- 
able.!^ 


SCENTS—-FURMAN AND YOUNG . 


Noncompetitive pacemakers (VVI): Ventricular — 


inhibited (VVI) units of small size have only recently | 


become available because of the energy capacity of 


lithium cells. Pacemakers at pediatric rates (80 to — 
110/min) with ventricular inhibited circuitry weighing — 





FIGURE 3. Patient 10. A radiofrequency receiving unit implanted on 
a conventional transvenous electrode in a 4 year old child. Complete 


heart block followed a complete intracardiac repair, but no myocardial — 


electrodes were then implanted. The child was not pacemaker-de- 
pendent and required a rate of only 80 to 90/min to remain free of 


congestive heart failure. The smaller unit with radiopaque components - 


is the passive implantable module, the circumferential coil, the external 
transmitting antenna and the braided wire, which is its connection to 
the external pulse generator. 
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50 to 75 g now exist. Because units with modern ven- 
tricular inhibited circuitry are no larger than asyn- 
chronous units, it is probably advisable to use ventric- 
ular inhibited generators preferentially. However, it is 
important not to use a hysteresis ventricular inhibited 
pacemaker at a rate of 70/min. This is because children 


can increase their nodal rate to 60 or more/min with 
activity and thereby inhibit a 70/min hysteresis pace- 
maker with its inhibited rate of 60/min, thus producing 
a paradoxical change in cardiac rate during activity.2° 

Atrial synchronous (VAT): Atrial control of ven- 
tricular rate, retaining both the atrial contribution and 





FIGURE 4. Patient 1. A 12 year old boy with congenital complete heart block and L-transposition of the great vessels underwent implantation of an 
atrial synchronous pacemaker. Myocardial electrodes implanted after right thoracotomy allowed pacing of the right (systemic) ventricle and sensing 
of the right atrium. The pulse generator is in the right upper quadrant of the abdomen. Left, lateral view; right, posteroanterior view. 


4-10-75 
CTR53% 





FIGURE 5. Patient 13. Left, cardiac enlargement after 6 years of postoperative complete heart block. Right, within 3 months of pacemaker implantation 
and pacing at a rate of 70/min, the cardiothoracic ratio in this 12 year old girl had decreased from 53 to 44 per cent. 
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physiologic rate variability, seems desirable, especially 
in children who are free of significant myocardial disease 
and have stable, physiologic responsive atrial activity®! 
(Fig. 4). Unfortunately, no atrial synchronous pace- 
maker of pediatric size is manufactured, and those 
available present a significant surgical problem for 
smaller children. 

Of greater importance is the difficulty with which an 
atrial synchronous pacemaker synchronizes to produce 
a ventricular rate of 150 or more/min. The A-V delay 
and refractory period, which allow a maximal rate of 
140/min, can yield poor synchronization and an erratic 
ventricular rate at an atrial rate of 170 to 190/min, 
especially if intermittent ventricular conduction exists 
simultaneously. When this combination existed in one 
of our patients without the pacemaker’s ability to re- 
spond to ventricular activity, to which it is not sensitive, 
a bizarre and unsatisfactory ventricular paced rate oc- 
curred. 

Although we have not performed cardiac output 
studies during atrial synchronous and single rate pacing, 
clinical benefits from atrial synchrony have not been 
observed. Adult patients who have changed from atrial 
synchronous (VAT) pacemakers to single rate pacing 
(either noncompetitive [VVI] or asynchronous [VOO] 
units) have shown no symptomatic or physiologic 
changes. The one child in our study who changed from 
atrial synchronous (VAT) to ventricular inhibited (V VI) 
pacing has had no change in clinical state or normal 
exercise tolerance (Fig. 5). 

Pacemaker size: In a small child there is little space 
for implantation of an adult-sized pacemaker of 150—200 
'g weight and 80 to 100 cc volume? (Table VI). Three of 
our patients had too large a pacemaker. One patient was 
initially referred for wound revision of an impending 
skin breakdown over an adult-sized pacemaker; an- 
other, who also underwent implantation elsewhere with 
an adult-sized unit, showed skin tightening and required 
generator replacement to relieve the tenuous integrity 
of the skin. The third, a 2 year old child with an atrial 
synchronous (VAT) pacemaker, sustained a size-related 
-= wound breakdown that led to infection and, ultimately, 
. death. 

— Because of problems with size, pulse generators have 

been placed in the subcutaneous tissue, the retroperi- 
toneal space, the pelvis,?? the properitoneal abdominal 
space?? and within the thorax.?* Because of the rela- 
tively short life span of all but a nuclear generator, it is 
not advisable to implant the generator so deeply as to 
make a secondary procedure difficult. 

Pacemaker longevity: Interest in prolonged pulse 
generator longevity, although well founded in adults, 
is of far less importance in children because the major 
problems requiring resolution are pacemaker size and 
the child's growth. In view of the problems induced by 
growth and the need for introducing greater electrode 
length, prolonged generator longevity is not necessarily 
an asset, for pulse generator replacement can readily be 
accomplished at the time of modification of electrode 
. position or length. 
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TABLE VI 


Comparative Pacemaker Size 


Volume Weight 


Pulse Generator Mode (ml) (g) 
Transicor (radio fre- Asynchronous 13 18 
quency) 
Arco (pediatric) Ventricular in- 27 47 
hibited 
Minilith Ventricular in- 38 88 
hibited . 
Medtronic (5858) Asynchronous 45 78 
Medtronic (5951) Ventricular in- 61 135 
hibited ; 
Atricor Atrial syn- 79 147 
chronous 
Medtronic (5842) Ventricular in- 96 180 
hibited t 


Pulse generator rate: Only single rate generators j 


are available in pediatric size. For children aged less 


than 2 years, rates of 100 to 110/min have been used. For - 
children aged 2 to 10 years, rates of 90 to 100/min at the — 
earlier ages and of 80 to 85/min at later ages have been - 





used. For children aged 10 or more years, rates of 75 to - 


80/min and, during later adolescence, the conventional _ 


adult rate of 70/min have been selected. 


Emotional Aspects 


Despite the requirements of frequent telephone 
monitoring,”° direct examination and repeated periods — 


of hospitalization, a distorted physical appearance due 


to the implanted pacemaker, and knowledge ofthe de- _ 
pendence of cardiac function on an electronic apparatus, | 
these children and adolescents have a gratifying degree 


of excellent emotional health. Although such children 


have been said to be living “on borrowed time," we agree _ 
that they “are singularly free from evidence of regres- —— 


sion in psychic function." ?6 


The children indicate little fear verbally or nonver- - 
bally relative to a sense of pacemaker-dependence. - 


Several of the adolescent girls have been leading an 


active sexual life despite the cosmetic aspects of a re- — — 


tromammary implanted pacemaker. 


Early indoctrination of the patient and especially the 
parents is required. The parental attitude of overpro- | 
tectiveness toward the child is readily recognizable and 
understandable.’ Once the child has been freed of ex- - 


cessive concern, he is willing to return to normal phys- 
ical activity and group participation with his peers. 
The complexities of the growing, active child and the 


paucity of electronic equipment suited to his needs  . 


make the problems of pacemaker therapy in children 
greater than those for the adult. Nevertheless, im- 
planted pacemakers have not only been lifesaving but 
also have sustained a quality of physical and emotional 
well being that has been gratifying to both child and 
parent. Although the ultimate fate of the child or ado- 


lescent with a pacemaker is unknown, experience to. 


date is often disturbing but allows for continued opti- ^. | 


mism. 
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Between 1957 and 1973, a total of 64 children who had complete heart 
block during intracardiac surgery were treated by one of three methods: 
(1) No pacemaker: Six of the 13 patients in this group had reversion to 
sinus rhythm. Seven patients continued to have complete heart block, 


and five of these died of Stokes-Adams episodes. Two patients continue 
to have complete heart block without pacemaker insertion. (2) Temporary — 
pacemaker: Seventeen of 25 patients had reversion to sinus rhythm and - 
the temporary pacemaker was removed; the other 8 continued to have 

complete heart block. Five of the eight died—three of Stokes-Adams e 
episodes and two at the time of cardiac reoperation. Three remain _ 


asymptomatic without placement of a permanent pacemaker. (3) Per- 
manent pacemaker: Twenty-six patients had implantation of a permanent 


pacemaker. Six died of postoperative complications unrelated to heart — 
block or pacemaker implantation. None of the other 20 experienced 
Stokes-Adams attacks. There was one late death in this group. Although — 
there are problems in using permanent pacemakers and electrode sys- 
tems, in these patients with operatively induced complete heart block their 


use was associated with a low mortality rate. 


Although implantation of a cardiac pacemaker is an established method 
for treating complete heart block in an adult," ? cardiac pacemakers have 
been used with reluctance in children because of recurrent technical 
problems and the anticipated long life span of children. The occurrence 


of complete heart block in children after cardiac surgery carries a poor . 


prognosis. One study reported that at least 60 percent of patients with 
this postoperative complication died. Fortunatély, improved operative 
techniques have reduced the incidence of complete heart block, but its 
management continues to present problems. Of the several methods of 
treatment, none has proved completely satisfactory. Several authors^-? 
advocate implantation of a permanent pacemaker; another? describes 


successful long-term management of operatively induced complete heart — 


block without the use of a pacemaker. 


This report deals with the long-term follow-up of 64 children with n 
postoperative complete heart block. Pacemaker implantation was used . 


in some patients; others were given no treatment. 


Method 


Sixty-four children aged 1 to 16 years who were operated on at the University 
of Minnesota Hospitals between 1957 and 1973 were studied. Each patient had 


normal sinus rhythm before an intracardiac operation and had complete heart. 


block for at least 24 hours after operation. Patients who died with complete heart 
block within the first 24 hours after operation were excluded from this re- 
port. : 


The electrocardiographic criteria for the diagnosis of complete heart block — 


have been reported by McNally and Benchimol.'” 
Each patient’s chart was reviewed for details of the operative procedure, 


postoperative course, electrocardiographic findings and long-term follow-up. — 
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. A questionnaire regarding follow-up was sent to patients who 


had not been examined in the past year. 


Results 


The preoperative diagnosis of each child, established 


either at autopsy or with cardiac catheterization and 
. angiography, is listed in Table I. Among the 42 patients 
"with ventricular septal defect, complete heart block 


developed in 10 patients after repair using a transatrial 
approach. Of the 64 patients, 17 died 3 months to 14 


. years postoperatively. 


We have grouped the patients according to the mode 


- of therapy used postoperatively: Group I, no pacemaker; 
_ Group II, temporary pacemaker; Group III, permanent 


_ pacemaker. The results in each group are shown in 
. Table II. 


Pacemakers used in our patients were manufactured 


- by Medtronic, Inc. Placement of the electrodes was 


epicardial in 46 patients, and in the remaining instance 


- atransvenous electrode was inserted. 


T Group I (No Pacemaker) 


Group I contained 13 patients in whom no pacemaker 


was used postoperatively. Most were cared for before 
. 1965. Therapy consisted of rectally administered iso- 
. proterenol, used for periods of up to 1 year postopera- 
tively, and digitalis in patients with associated conges- 
. tive heart failure. 


Eight children survived. Six patients had conversion 
to regular sinus rhythm less than 1 month postopera- 


_ tively; the other two continue to have complete heart 





block. Both are in good health 9 years postoperative- 
ly. 

Five patients in this group, each with continued 
complete heart block, died 5 months to 14 years after 
operation. The cause of death was a Stokes-Adams at- 
tack in two patients and was unknown in the other 
three. Three of the five patients had an isolated ven- 
tricular septal defect; the other two had tetralogy of 
Fallot. No relation was found between death and the 
presence of significant residual cardiac defects. 


Group Il (Temporary Pacemaker) 


In 25 patients, a temporary electrode was placed at 
the time of surgery and used for up to 1 month postop- 
eratively and then removed. Twenty of the 25 patients 
survived. 

Seventeen of the survivors had reversion to regular 
sinus rhythm. Of these, 10 show complete right bundle 
branch block, normal P-R interval and no evidence of 
coexistent left anterior hemiblock; the other 7 show no | 
conduction abnormality. The remaining three patients 
continue to have complete heart block after electrode 
removal, and two have been asymptomatic without 
therapy for 6 and 9 years, respectively. 

Fatal cases: Of the five patients who died, two had 
had reversion to regular sinus rhythm. Each had a 
ventricular septal defect with pulmonary arterial hy- 
pertension and died approximately 3 months after op- 
eration. One of the two died of staphylococcal pneu- 
monia. The other patient died suddenly; pulmonary 
edema was found at necropsy, but no residual cardiac 
anomaly was found. The postoperative electrocardio- 
gram revealed complete right bundle branch block. It 
is possible that reversion to complete heart block was 
the cause of sudden death in this patient. 

Complete heart block persisted after removal of the 
temporary pacemaker electrode in the other three pa- 
tients who died. One of these three patients, a boy with 
a ventricular septal defect and pulmonary arterial hy- 
pertension, died 4 months postoperatively. He had had 
a Stokes-Adams attack and died suddenly the next day 
while playing. Another patient, who had had surgical 
correction of tetralogy of Fallot, died of acute heart 
failure 8 years postoperatively. The third patient, also 
with tetralogy of Fallot, died 1 year postoperatively from 
an unknown cause. 





TABLE I 
_ Preoperative Anatomic Diagnosis in 64 Children With 
_ Postoperative Complete Heart Block 
Children 
Diagnosis (no.) 
Ventricular septal defect 42 
Tetralogy of Fallot 15 
Atrial septal defect 3 
Atrial septal defect + ventricular septal defect 2 
Endocardial cushion defect 1 
Transposition of great vessels 1 
Total 64 
TABLE II 
Mode of Therapy in 58 Cases* 
Cases Deaths 
Mode of Therapy (no.) (no.) 
No pacemaker 13 5 
Temporary pacemaker 25 5 
Permanent pacemaker 20 1 


Heart Rhythm of 


Heart Rhythm of 


Patients Who Died Survivors 
Survivors 
RSR CHB (no.) RSR CHB 
5 8 6 2 
3 20 17 3 
1 19 0 19 


*Six other patients with a permanent pacemaker died during the same hospitalization as their cardiac operation. There was no evidence 


of pacemaker malfunction. See text. 
CHB = complete heart block; RSR = regular sinus rhythm. 
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Group Ill (Permanent Pacemaker) 


A permanent pacemaker system was implanted in 26 
patients who had complete heart block for more than 
1 month postoperatively. Twenty patients survived the 
initial postoperative recovery period. 

Fatal cases: Six patients died during hospitalization 
for the initial cardiac operation. Each had a ventricular 
septal defect. Each had serious postoperative problems, 
including residual intracardiac defects that were be- 
lieved to be the cause of death. Each had a functioning 
pacemaker, and pacemaker malfunction could not be 
implicated in any of the deaths. 

Another child died 6 years after his intracardiac 
procedure. He was considered to have no residual car- 
diac anomaly and was without restriction in physical 
activity. His pacemaker had been functioning properly, 
and it had been changed less than 1 year before his 
death. 

Surviving patients: Of the 19 survivors, none had 
Stokes-Adams episodes or other significant arrhythmias 
during pacing. We are now following up 14 of these pa- 
tients; 5 are being cared for at other institutions. 

Table III lists the pacemaker complications occurring 
in the 19 survivors. Only four patients (21 percent) have 
not had such complications. Premature pacemaker 
failure occurred in seven patients. One patient had 
pacemaker malfunction on five separate occasions, two 
within 1 week. One patient has had 14 separate admis- 
sions for pacemaker problems, an average of 1 admission 
every 7 months. During 91 patient years, there were a 
total of 80 hospitalizations, or nearly one admission per 
year per patient. None of our patients died as a result 
of pacemaker infection. 


Discussion 


Because of improved surgical techniques and better 
understanding of the anatomy of the conduction system, 
complete heart block as an operative complication has 
diminished. When permanent heart block occurs, it has 
a major affect on the long-term prognosis of patients 
after operation. In the adult with complete heart block, 
Zion et al.4 and Seremetis et al.? demonstrated the ef- 
fectiveness of long-term cardiac pacing and showed an 
increased life expectancy in patients with pacemaker 
implantation. 

Pros and cons of cardiac pacemaker therapy: The 
postoperative management of complete heart block in 
children has ranged from no treatment to the use of a 
permanent cardiac pacemaker. Without treatment, the 
immediate postoperative mortality rate in patients with 
complete heart block ranges from 60 to 100 percent. 
After the introduction of isoproterenol as a form of 
medical therapy, the immediate postoperative survival 
rate for medically managed patients improved to ap- 
proximately 50 percent. With the development of direct 
myocardial stimulation by a cardiac pacemaker elec- 
trode in 1957, immediate postoperative recovery rates 
showed further increase. Lilleheij McGoon,? Sayed? 
and Liu!! and their coworkers have favored the use of 


April 1977 The American Journal of CARDIOLOGY Volume 39 


HEART BLOCK IN CHILDREN—HOFSCHIRE ET AL. - 





TABLE Ill 
Permanent Pacemaker Complications in 19 Survivors 
Occur- 
rences Patients 
Complications (no.) (no.) 
Premature pacemaker degenera- 11 6 
tion 
Pacemaker wire breakage 6 5 
Pacemaker site infection 3 3 
Pacemaker site skin breakdown 2 2 
Intermittent pacing failure 5 3 


cardiac pacemakers for long-term management of 
postoperative complete heart block in light of the high 
mortality rate in their patients given medical therapy 
alone. 


of children with complete heart block has been disput- 
ed. Hurwitz et al.!? observed 13 children with chronic 
postoperative complete heart block; 10 of the 13 were 


not treated with a pacemaker and 3 of the 10 died. The ' 
survivors were followed up for periods of 8 months to9 


years, but only three of the seven survivors did not ex- 


perience Stokes-Adams attacks. Murphy et al." studied — 
eight patients with postoperative complete heart block 


who were not given a pacemaker. During an average 


observation period of 2 years each was asymptomatic ; 


and none died. 

Advantages of pacemaker therapy: Our results 
show the effectiveness of cardiac pacemakers in averting 
death secondary to Stokes-Adams attack or other 
rhythm disturbance. Although seven of our patients 
with a permanent cardiac pacemaker died, only one died 
after discharge from the hospital after the cardiac op- 
eration. Cardiac pacemaker malfunction could not be 
implicated in any of the seven deaths. In contrast, five 
of the seven patients with complete heart block who 
were managed medically died after discharge from the 
hospital. Each continued to have complete heart block. 


Two of the five died after a Stokes-Adams attack; the . 


cause of death was unknown in the other three. 
Several other studies!*-!? of cardiac pacemakers in 


children also substantiate the effectiveness of the — 


pacemaker in improving survival after operatively in- 
duced heart block. As in our study, deaths occurred in 
some patients with a permanently implanted pace- 
maker. Benrey et al.!4 reported six deaths in 24 children 
with a pacemaker. Five of the six children had complex 
cardiac disease and one had a storage disease that can 
involve the myocardium. Three patients died suddenly; 
two died with congestive heart failure; the sixth died 


with ventricular fibrillation. Stanton et al.!? reported : 


two deaths associated with pacemaker malfunction in 
10 patients treated with a cardiac pacemaker. Young 


and Furman! also reported on a child who died sud- — 


denly after pacemaker insertion. 
Indications for timing of pacemaker implanta- 
tion: Forty-seven of our patients with complete heart 
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block survived the immediate postoperative period. In 
23 (50 percent) reversion to regular sinus rhythm oc- 


. curred within 4 weeks of the operation. Therefore, our 
policy is to implant a permanent pacemaker when 
. complete heart block persists 4 to 6 weeks after opera- 


tion, although Averill et al.?? observed a child who had 
conversion to regular sinus rhythm 25 months postop- 
eratively. Recommendations concerning the interval 
of observation before pacemaker implantation vary. 
Daicoff et al.!° and Benrey et al.!4 suggest implantation 
after 2 weeks of surgical complete heart block, whereas 


Stanton et al.!? suggest a 4 week observation period. 


None of our patients with a permanent pacemaker ex- 


. perienced reversion to regular sinus rhythm after im- 
. plantation of the permanent pacemaker. 


Pacemaker complications: Such complications are 


. common in children. Our experiences are similar 
to those reported elsewhere; they include premature 


battery failure,!^!95 fracture of electrodes, infec- 
tion,!^15.7 change in pacing threshold,!^!? arrhyth- 


. mia!+!5.18 and pulse generator failure.!4-1? 


Forty-five percent of our patients had pulse generator 
failure on at least one occasion within 1 year of im- 


plantation. A radiofrequency pacemaker?! with an ex- 
ternal battery has been used by others with limited 
success; this approach has been used in younger children 
by Young and Furman.!? Twelve of our 14 children with 
a permanent pacemaker had significant problems with 
the pacemaker or electrodes that required hospitaliza- 
tion in addition to routine battery pack change. One of 
our patients had 10 operations in 9 years because of 
pacemaker or electrode malfunction. Fortunately, our 
patients had no serious problems with pacemaker in- 
fection, but others?” have reported deaths as a result of 
this complication. Although the use of cardiac pace- 
makers is associated with recurrent problems, Griffiths 
et al.'® followed up two children who had normal growth 
and development despite pacemaker implantation for 
8 1/2 and 10 years, respectively. 

Although permanent cardiac pacing has been a sig- 
nificant factor in the long-term survival of children with 
postoperative complete heart block, mechanical prob- 
lems frequently occur. A 4 to 6 week period of temporary 
pacing should be used before insertion of a permanent 
device because a significant number of patients revert 
to regular sinus rhythm within this interval. 


References 


1. Siggers DC, Deuchar DC: Long-term use of implanted pacemakers 

- in the control of complete heart block. Guy's Hosp Rep 119: 
323-328, 1970 

2. Godman MJ, Roberts MB, Izukawa T: Late postoperative con- 
duction disturbances after repair of ventricular septal defect and 
tetralogy of Fallot. Analysis by His bundle recordings. Circulation 
49:214-221, 1974 

3. Moss AJ, Klyman G, Emmanouilides GC: Late onset complete 
heart block. Newly recognized sequela of cardiac surgery. Am J 
Cardiol 30:884—887, 1972 

4. Zion MM, Marchand PE, Obel IWP: Long-term prognosis after 
cardiac pacing in atrioventricular block. Br Heart J 35:359-364, 
1973 


= 5. Seremetis MG, deGuzman VC, Lyons WS, et al: Cardiac pace- 


makers. Clinical experience with 289 patients. Am Heart J 85: 
739-748, 1973 
6. Lillehei CW, Sellers RD, Bonnabeau RC Jr, et al: Chronic post- 
surgical complete heart block. With particular reference to prog- 
nosis, management, and a new P-wave pacemaker. J Thorac 
Cardiovasc Surg 46:436—456, 1963 
7. Lillehei CW, Levy MJ, Bonnabeau RC Jr, et al: The use of a 
myocardial electrode and pacemaker in the management of acute 
postoperative and postinfarction complete heart block. Surgery 
56:463-472, 1964 
8. McGoon DC, Ongley PA, Kirklin JW: Surgical heart block. Am J 
Med 37:749-753, 1964 
9. Sayed HM: Complete heart block following open heart surgery. 
J Cardiovasc Surg 6:426-435, 1965 
10. McNally EM, Benchimol A: Medical and physiologic considerations 
in the use of artificial cardiac pacing. Am Heart J 75:380-398, 
1968 


^ 11. Liu L, Griffiths SP, Gerst PH: Implanted cardiac pacemakers in 


children. A report of their application in five patients. Am J Cardiol 
20:639-647, 1967 

12. Hurwitz RA, Riemenschneider TA, Moss AJ: Chronic postoperative 
heart block in children. Am J Cardiol 21:185-189, 1968 

13. Murphy DA, Tynan M, Graham GR, et al: Prognosis of complete 
atrioventricular dissociation in children after open-heart surgery. 
Lancet 1:750-752, 1970 

14. Benrey J, Gillette PC, Nasrallah AT, et al: Permanent pacemaker 
implantation in infants, children, and adolescents. Long-term fol- 
low-up. Circulation 53:245-248, 1976 

15. Daicoff GR, Aslami A, Tobias JA, et al: Management of postop- 
erative complete heart block in infants and children. Chest 66: 
639-641, 1974 

16. Griffiths SP, Hayes CJ, Bowman FO Jr, et al: Long-term follow-up 
of two infants with an implanted cardiac pacemaker. Am J Cardiol 
36:921-924, 1975 

17. Nimchan R, Mustard WT, Williams WG, et al: Permanent pace- 
maker therapy in infants and children (abstr). Circulation 49, 50: 
Suppl III:11-238, 1974 

18. Stanton RE, Lindesmith GG, Meyer BW: Pacemaker therapy in 
children with complete heart block. Am J Dis Child 129:484—487, 
1975 

19. Young D, Furman S: Experience with pacemaker implants in 
children (abstr). Am J Cardiol 37:184, 1976 

20. Averill KH, Vogel JHK, Pryor R, et al: Complete heart block fol- 
lowing intracardiac surgery. Reversion to normal sinus rhythm after 
twenty-five months. Am J Cardiol 14:556—560, 1964 

21. Glenn WWL, deLeuchtenberg N, van Heeckeren DW: Heart block 
in children. Treatment with a radiofrequency pacemaker. J Thorac 
Cardiovasc Surg 58:361-373, 1969 

22. Lemire GG, Morin JE, Dobel ARC: Pacemaker infections: a 12-year 
review. Can J Surg 18:181—184, 1975 


562 April 1977 The American Journal of CARDIOLOGY Volume 39 es 





Interruption of the Aortic Arch: Preoperative and Postoperative 
Clinical, Hemodynamic and Angiographic Features 


CHARLES B. HIGGINS, MD 
JAMES W. FRENCH, MD* 

JAMES F. SILVERMAN, MD 
LEWIS WEXLER, MD, FACC 


Stanford, California 


From the Departments of Radiology and Pediat- 
rics, * Stanford University Hospital, Stanford, Cal- 
ifornia. Manuscript received June 2, 1976; revised 
manuscript received August 26, 1976, accepted 
September 10, 1976. 

Address for reprints: Charles B. Higgins, MD, 
University of California Medical Center, San Diego, 
225 West Dickinson St., San Diego, California 
92103. 


Interruption of the aortic arch, studied in 10 patients, was associated with 
a variety of other cardiac anomalies in 8 patients and was an isolated 
anomaly in 2. Clinical and angiographic evaluation in the former group 
revealed congestive heart failure and generalized cyanosis in early in- 
fancy, pulmonary and systemic arterial hypertension and a variety of in- 
tracardiac and aortic shunts. The two patients with an isolated anomaly 
had clinical and hemodynamic features not dissimilar from those of severe 
coarctation but interruption of the aortic arch was demonstrated on aor- 
tography. 

Surgical treatment was successful in four of the eight infants with as- 
sociated anomalies and in both children with the isolated defect. Post- 
operative angiography revealed several related complications and the 
status of the aortic reconstruction. Clinical and angiographic recognition 
of this lesion is important because operative intervention has been suc- 
cessful in an increasing number of patients. 


Interruption of the aortic arch is a relatively rare lesion that may become 
clinical manifest at almost any age from birth into early adult life.!-!6 
The timing of presentation is determined by the complexity and severity 
of the commonly associated cardiac anomalies. The clinical manifesta- 
tions are generally varied and nonspecific but an increasing number of 
cases are being recognized before operation or postmortem examina- 
tion 5:6:8-10,13-15 

Moller and Edwards!! in 1965 described the gross anatomic features 
of the various types of interruption of aortic arch and the associated 
cardiac anomalies in their 10 postmortem specimens and reviewed the 
95 specimens previously described. There are three anatomic forms of 
the anomaly. In type A the site of interruption of the arch is distal to the 
origin of the left subclavian artery, in type B it is between the origin of 
the left common carotid and left subclavian arteries and in type C it is 
between the innominate and left common carotid arteries.?^! 

In recent years, several case reports®-*? have described the clinical and 
angiographic features of interruption of the aortic arch. In this com- 
munication we emphasize the spectrum of these features in a represen- 
tative series of patients with this anomaly. Awareness of these features 
has become more important as the number of cases with successful 
surgical palliation or correction increases.”*°.*:!*.!%.!6 The postoperative 
angiographic findings have not previously been presented in detail. 


Methods 


The clinical, electrocardiographic, hemodynamic and angiographic data were 
reviewed in the 10 patients with interruption of aortic arch studied with cardiac 
catheterization at our hospital between 1964 and 1976. The operative reports 
of the nine patients who underwent surgery were reviewed. Postoperative 
catheterization and angiography were performed in three children and the data 
from preoperative and postoperative studies were compared. 
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Clinical features: Symptoms of congestive heart 
failure during the neonatal period (Table I) developed 
in five patients and were evident in three others within 


TABLE | 


Clinical Features 


Case 
no. Age 
1 2days 
d 2 8 days 
5 
b 
Bd 3 10mo 
t 
A 4 yr 
x 5yr 
E 
j 4 2mo 
! 7 yr 
f 
3 10 yr 
p 
S 12% yr 
È 
|. 5 8days 
E 
= 6 15 days 
2 7 3mo 
s 8 5days 
h 
i 
9 4%yr 
10 16yr 


CHF - congestive heart failure; CVH 
atrial enlargement; LVE = 


Sex 


F 


M 


A t8 am 


Results 


Symptoms 


CHF 


CHF 


CHF 


Decreased exer- 
cise tolerance; 
exertional 
cyanosis 

Asymptomatic 


CHF 


Asymptomatic 


Decreased exer- 
cise tolerance; 
claudication 

Asymptomatic 


CHF 


CHF 


CHF; cyanosis 


CHF 


Claudication, 
lower limbs 


Decreased exer- 
cise tolerance; 
claudication 
and pares- 
thesias, lower 
limbs 


owe. am S obe a EA Wake 


Signs 


Acyanotic; decreased 
pulses in 4 limbs; 
holosystolic mur- 
mur 

Cyanotic; absent 
femoral pulses; 
midsystolic mur- 
mur 

Acyanotic; equal 
pulses; decreased 
femoral pulses; 
holosystolic mur- 
mur 

Acyanotic; holosys- 
tolic murmur 


Acyanotic; holosys- 
tolic murmur 


Systolic murmur; 
decreased femoral 
pulses 

Systolic ejection & 
diastolic murmurs 
at aortic valve 

Femoral pulses, no 
change 


Diastolic murmur 
at aortic valve 
Systolic murmur; 
absent femoral 

pulses 


Systolic murmur: 
decreased pulses 
in all 4 limbs 
Holosystolic murmur 


Cyanosis and de- 
creased pulses in 
left arm & legs; non- 
specific systolic 
murmur 

Systolic murmur; 
absent femoral 
pulses 

Systolic murmur; de- 
creased pulses in 
left carotid artery 
and in left upper 
and both lower 
limbs 


= combined ventricular enlargement; ECG = electrocardiogram; LAD = 
left ventricular enlargement; LVH = left ventricular hypertrophy; 


arterial; PDA = patent ductus arteriosus; RAE = right atrial enlargement; RVH 


the first year of life. Each of these eight patients pre- 
senting in the first year of life had additional cardiac 


Chest X-Ray Film 


Cardiomegaiy ; shunt 
vascularity; pul- 
monary venous 
congestion 

Cardiomegaly; shunt 
vascularity 


Cardiomegaly; shunt 
vascularity 


Cardiomegaly 


Cardiomegaly; shunt 
vascularity 


Cardiomegaly; LVE 


No change 


No change 


Cardiomegaly; shunt 
vascularity 


Cardiomegaly; shunt 
vascularity 


Cardiomegaly; shunt 
vascularity; pul- 
monary venous 
congestion 

Cardiomegaly; shunt 
vascularity; pul- 
monary venous 
congestion 


Absence of aortic 
knob; rib notch- 
ing 

Absence of aortic 
knob; rib notch- 
ing 


ECG 


CVH 


No Q waves 


CVH 


CVH 


LVH 


CVH 
LVH; LAE; 
LAD 


LVH; LAE; 
LAD 


LVH; LAD 
RVH; inde- 


terminate 
axis 


RVH 


RVH; RAE; 
indeter- 
minate 
axis 

RVH 


Normal 


Normal 


Operation 


1: ligation PDA; PA 
banding; graft from 
MPA to descending 
aorta 

Ligation PDA; PA 
banding; graft from 
arch to descending 
aorta 

1: ligation PDA; PA 
banding; graft from 
ascending to de- 
scending aorta 


2: closure of VSD; 
removal of PA 
band 


1: PA banding 


2: graft from arch 
to descending aorta 


1: transection PDA: 
PA banding; an- 
astomosis of left 
subclavian artery to 
distal portion of 
PDA 

2: removal of PA 
band; closure of 
aorticopulmonary 
window 

PA banding 


PA banding; ligation 
PDA; graft recon- 
struction of aortic 
arch 

Ligation PDA; PA 
banding; graft from 
ascending to de- 
scending aorta 


Anastomosis of arch 
to descending aorta 


Graft between ascend- 
ing and descending 
aorta 


anomalies. Of five considered cyanotic on the basis of 
the physical examination, only one had obvious differ- 
ential cyanosis of the limbs (Table I). By contrast, the 


Outcome 


Survival 


Death 


Survival 


Residual VSD; 20 
mm Hg gradient 
across aortic 
arch graft; nor- 
mal PA pres- 
sures 


Survival 


Death 


Death 


Alive at 8 mo 


Death 


Survival 


Survival 


left axis deviation; LAE = left 
MPA = main pulmonary artery; PA = pulmonary 
= right ventricular hypertrophy; VSD = ventricular septal defect. 


two patients who had no additional abnormalities pre- 
sented with systemic hypertension and claudication or 
paresthesias of the legs, or both, at 4 1/2 years and 16 
years of age, respectively. 

Physical examination revealed decreased or absent 
pulses in the legs in all patients and in the arms in pa- 
tients with type B and C anomalies. In four of the five 
patients presenting as neonates, the pulses in the legs 
were intermittently palpable or varied in intensity. A 
variety of systolic murmurs were detected in these pa- 
tients (Table I). 

Preoperative hemodynamic and angiographic 
features: All three types of interruption of aortic arch 
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FIGURE 1. Case 7. Frontal (A) and lateral (B) cineangiographic frames from 
arch (interruption just beyond the left subclavian artery [arrow |). In this case the ascending aorta is considerably dilated. 
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were represented: Five patients had type A (Fig. 1), four 
had type B (Fig. 2) and one patient had type C (Fig. 
3). 

Pulmonary arterial hypertension was recorded in six 
of the eight patients with associated anomalies (Table 
II); the seventh had normal pulmonary arterial pressure 
and in the eighth the pulmonary artery was not entered. 
The two patients without associated anomalies did not 
have pulmonary arterial hypertension. Left ventricular 
and ascending aortic hypertension of variable severity 
was demonstrated in eight patients. All but one of the 
eight patients with associated anomalies had increased 
left ventricular end-diastolic pressure. 





the supravalvular aortogram demonstrate type A interruption of the aortic 





FIGURE 2. Case 6. Frontal (A) and lateral (B) cineangiographic frames after left ventricular injection demonstrate type B interruption of the aortic 
arch (interruption just beyond the origin of the left common carotid artery). The right subclavian artery arises anomalously from the descending 
aorta below the interruption. In this case the ascending aorta has a small diameter. The lateral cineangiographic frame after the pulmonary arterial 
injection (C) demonstrates filling of the descending aorta from the pulmonary artery by way of a narrow ductus arteriosus (arrow). 
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. FIGURE 3. Case 1 0. A, supravalvular aortogram in the left anterior oblique projection demonstrates type C interruption of the aortic arch (interruption 
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Each of the eight patients with associated anomalies 
had a ventricular septal defect; in six it was of the in- 
fracristal membranous type and in the others of the 
supracristal membranous (Fig. 4) or muscular type. 
Bidirectional shunting was evident at the ventricular 


level in the four patients studied as neonates; the re- 
maining four had a predominant left to right shunt. 
Three had an interatrial communication. A patent 
ductus arteriosus with predominant shunting from the 
pulmonary artery to the descending aorta was observed 





just beyond the origin of the innominate artery). B, descending thoracic aortogram in the left anterior projection shows the origin of the left common 
carotid and subclavian arteries from the descending aorta below the interruption. AV = aortic valve; D.T.A. = descending thoracic aorta; IM = 
internal mammary artery; LCC = left common carotid artery; LSC = left subclavian artery; RCC = right common carotid artery; RSC = right subclavian 
artery. (Reproduced from Pillsbury et al.'? by permission of the American Heart Association Inc.) 



































TABLE II 
Preoperative Hemodynamic and Angiographic Features 
Diabate 
(mm) 
Pressures (mm Hg) Shunts ————— 
Case "TL MEZ ee ee ee ye eee, ae Desc Filling of 
no. LV Asc Ao MPA Atrial Ventricular Ao IAA saat Daal Hep PDA Ao Desc Ao 
1 80/14 80/50 85/40 L—R L+R PDA,R^L B Anomalous origin 3 14 PDA; left verte- 
right SCA bral steal 
2 .115/22 ^ Not Not +R PDA; PA > A L-transposition; 3 15 PDA 
entered entered AO common ventricle 
3 144/12 144/76 84/57 LR PDA,R >L B 3 15 PDA; vertebral 
steal 
4 155/10 155/95 32/11 LER A Prolapsing sinus of 13 Collateral vessels 
(supra- Valsalva; aortic 
cristal) regurgitation. 
5 110/29 110/70 110/50 LR L—R AP window, A AP window 11 11 PDA 
L B: 
PDA,R-—L 
6 125/14 125/70 120/35 LSR LSR PDA, R> L B Anomalous right SCA 4 11 PDA; right and 
left vertebral 
steal 
7 115/14 115/70 90/40 L—R PDA,R-L A 4 20 PDA; collateral 
X vessels 
8 70/18 75/47 71/34 L>R PDA, R>L B Tracheoesophageal 2 8 PDA; left verte- 
fistula bral steal 
9 155/10 + 20/4 19/7 A Collateral vessels 
10 150/12 148/100 C Collateral ves- 
sels; left caro- 
tid and verte- 
m A 4 zi ^ . bral steal 
Ao = aorta; Ap = aorticopulmonary; Asc = ascending; Desc = descending; IAA = interruption of aortic arch; L = left; LV = left ventricle: MPA 


= main pulmonary artery; PA = pulmonary artery; PDA = patent ductus arteriosus; R = right; SCA = subclavian artery. 
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FIGURE 4. Case 4. A, early cineangiographic frame in the left anterior oblique projection after injection into the left ventricle shows type A interruption 

of the aortic arch (arrow) and early filling of the pulmonary artery without opacification of the right ventricle. The pulmonary artery fills by leftto — 
right shunting through a supracristal ventricular septal defect. B, late cineangiographic frame shows delayed filling of the right-sided distal aorta 
(arrows) through collateral vessels. This patient did not have a patent ductus arteriosus. : 


in seven patients and one of these patients also had a. 


large aorticopulmonary window with a torrential left to 
right shunt at this site (Fig. 5). 

The diameter of the ductus arteriosus was small 
(only 20 to 25 percent of the diameter of the descending 
aorta as measured on the cineangiogram) (Fig. 2) in six 
patients. In the remaining two patients the diameter of 
the ductus was equal to that of the descending aorta. 

Blood supply to the descending aorta as demon- 
strated with the cineangiogram occurred by way of the 
ductus arteriosus only in two patients and by way of the 
ductus and visible collateral vessels from the subclavian 
arteries in one patient. The flow to the descending aorta 
in the four patients with type B interruption of the 
aortic arch was by way of the ductus and by retrograde 
vertebral flow (that is, subclavian steal phenomenon) 
(Fig. 6). In the three patients without a patent ductus 
arteriosus, flow to the descending aorta occurred 
through subclavian collateral vessels alone in two pa- 
tients and by way of collateral vessels and retrograde 
through the left carotid and left vertebral arteries in the 
patient with type C interruption of aortic arch. 

Management and outcome: The initial operation 
in six infants consisted of ligation of the ductus arteri- 
osus, banding of the pulmonary artery and placement 
of a graft from either the main pulmonary artery or as- 
cending aorta to the descending aorta; three of these 
patients have survived (Table I). Subsequently, one of 
these patients (Case 3) has had closure of a ventricular 
septal defect and removal of the band on the pulmonary 
artery. In two infants the initial operation was banding 
of the pulmonary artery only; one of these (Case 4) has 
survived and subsequently had reconstruction of the 
aortic arch with a graft from the ascending to the de- 
scending aorta; the remaining patient (Case 7), who had 


associated anomalies, has been treated with digitalis and 


diuretic agents. The two patients without associated —. 
anomalies (Cases 9 and 10) had successful reconstruc- — . 
tion of the aortic arch at 4 1/2 and 16 years of age, re- — 
spectively. | s: 

Postoperative hemodynamic and angiographic  - 
features: Systemic hypertension was alleviated inthe _ 
two long-term survivors who were restudied (Table III). ~ 
There was no gradient across the area of aortic recon-  - 
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FIGURE 5. Case 5. Frontal radiograph from the postoperative pulmonary 
arteriogram shows dense opacification of the aorta by virtue of shunting — 

through the large aorticopulmonary window (arrowhead). There is 
stenosis at the site of the anastomosis (arrow) between the left sub- _ 
clavian artery and the distal portion of the ductus arteriosus. The right — 
pulmonary artery is not opacified because distal migration of the band — 
has produced occlusion of the right pulmonary artery. x 
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P FIGURE 6. Case 3. Frontal cineangiographic frames from the postoperative ipsnm aortogram. A, qiia: frame AERA extensive calcification 
of the Dacron graft (arrow). B, early frame after opacification of the aorta reveals a widely patent graft (arrows) between the ascending and descending 
. aorta and filling of only the innominate and left common carotid arteries. C, late frame demonstrates retrograde filling of the left subclavian artery 
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(arrowhead). 


3 - struction i in one patient and a 221 2mp Hg gradient in the 

other. 

_ Residual abnormalities were demonstrated in all 

E children. One infant (Case 5) who was restudied shortly 

~ after operation had occlusion of the right pulmonary 

s. artery as a consequence of distal migration on the band 
p Maped on the main pulmonary artery (Fig. 5). Another 


je | ventricular septal defect had prolapse of the right sinus 
of Valsalva with associated aortic regurgitation by age 
171/2 years (Fig. 7). In one patient (Case 3) extensive 
-calcification of the Dacron® graft developed between the 
r ascending and the descending aorta (Fig. 6A). Although 

- the peak gradient across the graft in this patient (who 
* initially had type B interruption of aortic arch) mea- 
sured only 22 mm Hg, there was retrograde flow in the 
— left subclavian artery (Fig. 6, B and C). The subclavian 
. Steal phenomenon in this patient was probably a con- 


ps 
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4 TABLE II 











- VSD = ventricular septal defect. 
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sequence of stenosis at the origin of this artery from the 
descending aorta. 


Discussion 


'The clinical presentation of interruption of aortic 
arch is variable and relatively nonspecific.!-!9 It occurs 


in the majority of patients who have associated anom- | 


alies during the neonatal period and in most of the re- 
maining group during the early part of the first year of 
life. In our study and in previous reports,?:59-12.15116 the 
major clinical problem has been severe congestive heart 
failure. Mild cyanosis without severe hypoxemia is a 
usual finding, but differential cyanosis of the limbs has 
usually not been recognized in the neonate. 
Congestive heart failure: The early onset of severe 
congestive heart failure is a consequence of the effects 
of both a large volume overload of the left ventricle due 
to the associated intracardiac left to right shunt and 


J Postoperative Hemodynamic and Angiographic Features in Three Cases 








E Pressure 
Gradient 
(mm Hg) 
JA Pressures (mm Hg) Shunts (Asc to 
.. Case Desc Additional 
H-— no. FOCLV Asc Ao MPA Atrial Ventricular Ao) Anomalies Complications 
3 110/10 110/85 63/40 6 LR 22 SUA Residual VSD - 
4 119/16 119/50 31/11 EL L-—R 0 Supracristal VSD; Prolapse of right sinus of 
aortic regurgitation Valsalva causing aortic 
regurgitation 
5 186/24 186/65 182/76 L—-R LR O |J AP window, L— R Migration of PA band; 


occlusion of RPA 





Ao - aorta; Ap - aorticopulmonary; Asc - ascending; Desc - descending; L - left; PA = pulmonary arterial; RPA = right pulmonary artery; 
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pressure overload imposed by the systemic hyperten- 

sion. This contrasts with the relative infrequency of 

congestive heart failure in neonates with an isolated left 

to right shunt because of the protective effects of fetal 
levels of pulmonary vascular resistance. Indeed, when 
= pulmonary vascular resistance regresses in patients with 
i interruption of the aortic arch even greater left to right 
-shunting will occur across an associated ventricular 
= septal defect because of the high aortic impedance im- 
posed by the aortic interruption. 

Differential cyanosis: The failure to detect differ- 
ential cyanosis of the limbs is usual in patients pre- 
senting in the neonatal period and is probably due to left 
ventricular failure. Moreover, bidirectional intracardiac 
shunts and, in some cases, systemic collateral circulation 
to the descending aorta also attenuate the differences 
in oxygen saturation in the ascending and descending 
aorta. 

Variable femoral pulses: The physical finding that 
suggested the diagnosis in several cases was diminution 
or absence of the pulses in the legs. However, in most 
cases the femoral pulses were variable from day to day 
and led to confusion in diagnosis; interruption of aortic 
arch was considered a possible diagnosis in only two of 
the seven infants with associated cardiovascular 
anomalies. Because the ductus arteriosus, which con- 
tributed the major blood flow to the legs, was of very 
small diameter in all but one patient, we proposed that 
intermittent closure or constriction of the ductus was 
responsible for these pulse variations. Rudolph et al." 
4 - also noted variable femoral pulses in several newborns 

= with interruption of the aortic arch, and in one infant 
they found a marked increase in the pressure gradient 

_ across the ductus during inhalation of oxygen at cardiac 
- catheterization. Cardiac murmurs were not prominent 
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FIGURE 7. Case 4. Cineangiographic frames in frontal (A) and lateral (B) projections from the postoperative aortogram shows the widely patent - L b 
. graft connecting the left-sided aortic arch and right-sided descending aorta. Note the dilated and distorted right sinus of Valsalva (curved arrow), P 
-which prolapses into the supracristal ventricular septal defect during diastole, producing aortic regurgitation (arrow). y 
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or particularly characteristic, a finding that probably 
reflects the nearly equal pressures in the systemic and — — 
pulmonary circuits. | E 
The plain roentgenographic features in patients with — 
associated lesions were the nonspecific findings of car- _ 
diomegaly and pulmonary arterial over-circulation and, — 
in some instances, pulmonary edema in the newborn. 
Likewise, the electrocardiogram was nonspecific, re- y: 
vealing usually right or combined ventricular hyper- -. 
trophy. fare 
Hemodynamic features and associated anomalies: E- 
The characteristic hemodynamic features of the pa- 
tients with interruption of aortic arch and associated — . 
anomalies were pulmonary and systemic arterial hy- — - 


pertension and increased left ventricular end-diastolic | E 


pressure; thus, both ventricles were subjected to a major 
pressure overload that, together with the volume over- 
load, resulted in various degrees of left ventricular 
failure. Although type A interruption of aortic arch was — - 
demonstrated in most cases in our study, a review of — 
previously reported cases indicates that type A and type — 
B occur with approximately equal frequency.?®51113 As — 
in our study, most patients with associated lesions have E 
a patent ductus arteriosus or ventricular septal defect, _ 
or both. The presence of an aorticopulmonary window E 
appears to be particularly lethal; four of five patients, — 
including the one patient in our series with both inter- — 
ruption of the aortic arch and aorticopulmonary win- | 
dow, died in early infancy.?^:!9 E. 
Interruption of the aortic arch occurs with some fre- 
quency in certain forms of complex congenital heart 
disease. Becu et al.! described a rare developmental — 
complex consisting of interruption of the aortic arch, — 
subaortic stenosis and pulmonary trunk overriding the — 
ventricular septum. Cases of interruption of the aortic — 
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__ arch have been reported in association with complete 


transposition of the great arteries, double outlet right 


- ventricle and persistent truncus arteriosus.!! 


The role of reduction in flow across the aortic 


— isthmus in the genesis of interruption of the isth- 
. mus: Rudolph et al.,!" noting the frequéncy of associ- 

ated intracardiac shunts and anomalies of arterioven- 
. tricular connection in many patients with interrupted 


aortic arch, proposed that reduction in flow across the 
aortic isthmus in utero may be responsible for under- 
development or interruption of the isthmus. This hy- 


. pothesis is supported by their cineangiographic dem- 
. onstration of obstruction to blood flow into the trans- 
- posed aorta in infants with associated double outlet 
. right ventricle and complete transposition. Further- 
. more, Moulaert et al.!ë recently demonstrated a 


mechanism of aortic flow limitation in infants with 


certain types of ventricular septal defect and under- 
development of the aortic arch. The ventricular septal 
_ defect in these infants was situated beneath hypertro- 
_ phied muscle bands within the left ventricular outflow 
tract. This anatomic arrangement presumably caused 


preferential flow from the left ventricle to the pulmo- 


. nary artery and reciprocally limited blood flow to the 
ascending aorta and consequently to the isthmus. 


Isolated interruption of the aortic arch: Isolated 
interruption is an exceedingly rare congenital anomaly 
and occurred in only 8 of the more than 250 previously 


. reported cases of interruption of the aortic arch.‘ In- 


deed, it is conceivable that some cases of isolated in- 


-. terruption represent progression of severe coarctation 
- to complete occlusion of the aorta. As in the two cases 


of our series, patients with isolated interruption are 


asymptomatic during infancy but during childhood 
display symptoms and signs indicative of severe 
. coarctation of the aorta. The characteristic complaints 


in our two patients and in the two patients previously 


described were exertional claudication or paresthesia, 


or both, in the legs. Plain chest radiographs may reveal 
various degrees of cardiomegaly and rib notching in the 
absence of the aortic knob and poststenotic dilatation 


of descending aorta. The electrocardiogram may be 


normal or show left ventricular hypertrophy. 
Routes of collateral flow: Angiography revealed 


: multiple routes of collateral flow to the descending aorta 
in our patients. Patients with a patent ductus arteriosus 


had minimal collateral circulation from branches of the 


- subclavian arteries whereas these collateral vessels were 


prominent in patients without a patent ductus arteri- 
osus. The small diameter of the patent ductus arteriosus 


1. Becu LM, Tauxe WN, DuShane JW, et al: A complex of congenital 
cardiac anomalies; ventricular septal defect, biventricular origin 
of the pulmonary trunk, and subaortic stenosis. Am Heart J 50: 
- 901-911, 1955 
2. Blake HA, Manion WC, Spencer FC: Atresia or absence of the 
aortic isthmus. J Thorac Cardiovasc Surg 43:607-614, 1962 
3. Ceioria GC, Patton RB: Congenital absence of the aortic arch. Am 


in most patients suggested that this was a precarious 
source of blood flow to the descending aorta. In 10 of 11 
patients with hypoplasia or interruption of the aortic 
isthmus and a patent ductus arteriosus, Rudolph et al.!8 
found a pressure gradient between the pulmonary artery 
and descending aorta indicating postnatal constriction 
of the ductus. 

The relatively benign course of patients with isolated _ 
interruption of aortic arch suggests that collateral ves- 
sels furnished from the branches of the aorta above the 
interruption may provide adequate blood flow to the 
descending aorta. In patients with types B and C in- 
terruption or with anomalous origin of the right sub- 
clavian artery from the descending aorta, abundant 
retrograde flow occurs through the carotid or vertebral 
arteries, or both. Neurologic symptoms have not been 
encountered in these patients with circuitry in the great 
vessels, which represents a congenital subclavian steal 
phenomenon.*.11.13 

Surgical treatment: The natural history and results 
of medical management of symptomatic infants with 
interruption of the aortic arch in association with 
multiple level shunts have been dismal; approximately 
80 percent of patients have died within the first few 
months of life.7.19! In recent years, several case reports 
have indicated successful surgical management of this 
complex anomaly in infancy.?465.12.13,16 The operation 
has usually consisted of ligation of the ductus arteriosus, 
banding of the pulmonary artery and placement of a 
graft connecting either the ascending aorta or main 
pulmonary artery to the descending aorta. Such an 
operative approach was applied in six infants in our 
series and three patients survived. Hypoplasia of the left 
ventricle was not present in those infants who died after 
operation. Subsequent operations have been performed 
or will be required in the three surviving patients. Pul- 
monary arterial banding alone was performed in two 
patients, one of whom survived and has subsequently 
had a graft reconstruction of the aortic arch. Both of our 
patients with isolated interruption of the aortic arch 
have undergone successful reconstruction of the aortic 
arch as have most patients with this lesion.46 

Postoperative catheterization: Cardiac catheter- 
ization performed postoperatively indicated substantial 
reduction in pulmonary arterial hypertension in the two 
surviving patients with interruption of the aortic arch 
and associated anomalies. Calcification was observed 
in the prosthetic graft uniting the ascending and de- 
scending aorta but no or minimal gradients were de- 
tected across the graft. 
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i Ventricular Septal Defect in Interruption of Aortic Arch 


A necropsy study of 34 patients with interruption of the aortic arch was 
carried out to characterize more fully the ventricular septal defect and 
the anatomic basis of subaortic obstruction. In 21 patients (61.8 percent) 
the site of interruption was between the left common carotid artery and 
the left subclavian artery; in 13 (38.2 percent) it was distal to the left 
subclavian artery; no case of interruption just distal to the innominate 
artery was found. 

A ventricular septal defect was present in all but two patients, both with 
large aortopulmonary fenestrations. All patients had visceroatrial situs 
solitus and D-ventricular loop. The great arteries were normally related 
in 33 patients and D-transposition was found in one patient. Twenty-one 
patients had a ventricular septal defect involving the conal septum. Co- 
noventricular malalignment resulted in a typical subpulmonary ventricular 
defect. The malalignment was characteristically in a leftward direction, 
allowing for potential muscular narrowing of the left ventricular outflow 
tract. In some patients, the conal ventricular septal defect was charac- 
terized by a deficiency of the conal septum without malalignment. In 4 
of the 21 patients with a ventricular septal defect involving the conal 
septum, the defect was immediately adjacent to the pulmonary valve. 
Typical infracristal membranous ventricular defects (five patients), 
cushion defects (3 patients) and muscular defects (3 patients), were also 
found. The potential for subaortic narrowing was present in some of these 
patients as well. 

No relation between position of ventricular septal defect and type of 
arch interruption could be discerned. The presence or absence of sub- 
aortic obstruction was not predictive of a specific type of interruption. 
Similarly, although deformity of the aortic valve was not uncommon in 
this series, it was not associated with any specific type of interruption. 


Interruption of the aortic arch is a rare cardiac anomaly, constituting 
probably less than 1 percent of all congenital heart disease.! In this 
condition, the ascending and descending portions of the aorta are not 
continuous, and blood flow to the descending aorta occurs through a 
patent ductus arteriosus. Interruption of the aortic arch rarely occurs 
in isolation,” and almost any cardiovascular malformation can coexist.! 
A ventricular septal defect is usually present. In 1971, Van Praagh et al.! 
presented the anatomic findings in 10 autopsy cases of interrupted aortic 
arch, and suggested that a leftward shift of the crista supraventricularis, 
resulting in a large subpulmonary ventricular septal defect and muscular 
subaortic stenosis, was highly characteristic of this disorder. Before their 
report, little emphasis had been placed on the conal morphology in the 
patient with interruption of the aortic arch.24 

If untreated, interruption of the aortic arch is usually lethal in the 
neonate; the reported mean age of death is only 10 days.! In the past few 
years, reconstitution of the aortic arch has been accomplished success- 
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fully in the neonate.?-!! Because of the recent emphasis 


on primary surgical correction (when possible) of 
symptomatic congenital heart defects, in this paper we 
characterize more fully the spectrum of ventricular 
septal defect in respect to conal anatomy in 34 patients 
with interruption of the aortic arch, the largest number 
of such patients studied from any single institution. 


Definitions 


Aortic arch interruptions: These are classified according 
to the method of Celoria and Patton!? (types A, B and C), but 
we add subcategories to À and B: 

Type A interruption: interruption distal to the left sub- 
clavian artery. 

Type A, interruption: interruption just distal to the left 
subclavian artery with an aberrant right subclavian artery. 

Type B interruption: interruption distal to the left common 
carotid artery. 

Type B; interruption: interruption distal to the left com- 
mon carotid artery with an aberrant right subclavian ar- 
tery. 

Type C interruption: interruption distal to the innominate 
artery. 

Conal structures: Because there are considerable differ- 
ences regarding the terminology of conal structures, !:1?-16 we 
will be using the definition of terms as suggested by Anderson 
and Becker and their associates.!9.! 7 

1. Conal septum: 'This represents the embryonic septum 
between the aortic and pulmonary conuses. It can be consid- 
ered to possess two components: (a) that portion between the 
aortic and pulmonary valves, forming part of the ventricular 
septum; (b) the segment extending from this septal compo- 
nent to the parietal wall of the right ventricle and forming an 
integral part of the crista supraventricularis. Septal defects 
in the conal septum are termed conal or infundibular. 

2. Crista supraventricularis: Becker et al.!? use this term 
to describe a structure in the normal heart. As such, it is 
considered to be that muscle mass that separates the pulmo- 
nary valve from the tricuspid valve. 

3. Trabecula septomarginalis: This describes the septal 
trabecula that extends from beneath the pulmonary valve 
toward the ventricular apex and continues as the moderator 
band. The trabecula septomarginalis has anterior and pos- 


. terior limbs at its superior extent. The septal part of the conal 


septum is inserted between these limbs in the normal 


— heart. 


uy Case Material 


The computer files of the Cardiac Records Division of The 
Hospital for Sick Children, Toronto, were reviewed for the 


TABLE! 


Type and Incidence of Aortic Arch Interruption* 








Type Number 96 of Total 
A 12 35.3 
A, 1 29) 38.2 
B 18 52.9 
B, 3 88] icd 
G Qr. 0 

Total 34 100 





* Proved at necropsy at The Hospital for Sick Children. This study 
excludes patients with arch atresia (that is, those with a fibrous 
strand connecting the ascending and descending aorta). 
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diagnosis of interruption of the aortic arch. In 50 haat 
cases, with this diagnosis, 34 necropsy specimens from our - 3 
cardiac registry were available for study. Of the 34 patients, 13 
29 were male and 12 female; their median age of death was 8. 
days (range less than 1 day to 10 years). E 
Results E 

Types of aortic arch interruption (Table I):In 21 
of 34 patients (61.8 percent), the aorta had type B in- — P 
terruption, with an aberrant right subclavian artery in. : 
3. Thirteen patients had aortic arch interruption distal - F, 
to the left subclavian artery (type A, 38.2 percent), with A 
only one patient having an aberrant right. subclavian | 5 3 
artery. Type C interruption (distal to the innominate | 3 
artery) was not found. A 

All patients had visceroatrial situs solitus and a D^ @ 
ventricular loop. The great arteries were normally re- | 
lated in 33 of the 34 patients. One patient had pi 
transposition of the great arteries, ventricular septal . 
defect and type B interruption of the aortic arch. Two 
of the 34 patients (5.9 percent) each with a type B in- - 
terruption, had type I truncus arteriosus. Of the 31 re- i 
maining patients, 12 had type A interruption, including a 
one with an aberrant right subclavian artery, and 19 had 
type B interruption, including 3 with an aberrant "ned 
subclavian artery. 

Ventricular septal defect (Table II): All but two à 
patients (93.8 percent) had a defect of the ventricular - “J 


septum; the remaining two had a large aorticopulmo- E 
nary fenestration (Fig. 1). The ventricular defect in- 
volved the conal septum in 21 patients, and in 7 of these, _ 
the membranous septum was also involved. In 14 pa- 
tients, the conal defect resulted from malalignment 
(and, hence, lack of fusion) between the conal septum - 
and anterior and posterior limbs of the trabecula sep- ^ 
tomarginalis (Fig. 2 to 4). This malalignment of the | a 
conal septum was characteristically in a leftward di- - 
rection, allowing actual or potential narrowing of the left — a 
ventricular outflow tract, above the level of the ven- : 5 
tricular septal defect (Fig. 2B). Furthermore, the mal- 
alignment of the conal septum usually resulted in a large — x 
subpulmonary ventricular septal defect (from the right _ 
ventricular aspect) and subaortic defect (from the left — t 
ventricular aspect) (Fig. 2 to 4). Although the majority > 


of conal defects resulted from conoventricular mal- ; 


T 










TABLE II 


Correlation of Ventricular Septal Defect With Type 
of Aortic Arch Interruption 





Position of VSD Total A A, B B, 
Conal 14 4 : 8 2 
Conal and membranous 7 1 1 4 1 
Membranous 5 1 4 RA 
Cushion type or A-V 3 2 1 

canal 
Muscular 3 3 wae 
Intact ventricular septum 2 2 





A-V = atrioventricular; VSD = ventricular septal defect. 
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FIGURE 1 (left). Right ventricle in a patient with a large 
aorticopulmonary fenestration (AP). The pulmonary artery 
(PA) originates normally above the right ventricular infun- 
dibulum. The conal septum (cs) and trabecula septomargi- 
nalis (ts) are shown. The raphe (lower arrows) at the junction 
of the conal septum with the anterior and posterior limbs of 
the trabecula septomarginalis is evident. The patients whose 
hearts are shown in Figures 1 to 11 all had interruption of the 
aortic arch. 


FIGURE 2 (below). Right and left ventricles in a patient with 
conoventricular malalignment. A, right ventricle (RV). The 
pulmonary artery (PA) originates above the morphologic right 
ventricle, and there is pulmonary valve—tricuspid valve (tv) 
discontinuity. The conal septum (cs) is deviated leftward, 
leaving a substantial ventricular septal defect (arrow) in the 
"arms" of the trabecula septomarginalis (ts). B, left ventricle 
(LV). The leftward deviated conal septum is seen protruding 
through the ventricular septal defect, resulting in muscular 
subaortic s*enosis. The aortic valve (AoV) is thickened and 
mildly stenotic as well. 


FIGURE 3 (right). Right ventricle in a patient with ventricular 
septal defect and muscular subaortic stenosis resulting from 
conoventricular malalignment. The conal septum is malal- 
igned (curved arrow), resulting in a large ventricular septal 
defect (straight arrow) between the “arms” of the trabecula 
septomarginalis (ts). 


FIGURE 4 (lower left). Right ventricle in a patient with 
membranous ventricular septal defect (arrow) and perhaps 
mild malalignment of conal septum (cs) and trabecular 
septum. PA = pulmonary artery. 


FIGURE 5 (lower right). Right ventricular view in a patient 
with a large supracristal ventricular septal defect (arrows). 
The aortic valve (AoV) obviously lacks support, the conal 
septum (cs) and trabecula septomarginalis (ts) are clearly 
seen, and there is no evidence of conoventricular mal- 
alignment. PA = pulmonary artery; RVW = right ventricular 
wall; tv = tricuspid valve. 
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FIGURE 6 (left). Right ventricle in a patient with type | 
common aorticopulmonary trunk. A slightly larger ventricular 
septal defect is present (arrow). The distal infundibulum is 
absent. Note the similarity to "'supracristal" ventricular septal 
defect. TR = truncus arteriosus; ts = trabecula septomar- 
ginalis. 


FIGURE 7 (lower left). Close-up view of right ventricular 
conal anatomy in a patient with two ventricular defects. The 
upper curved arrow shows an intraconal ventricular septal 
defect, and the lower curved arrow points to an infracristal 
defect. cs = conal septum; PV = pulmonary valve; tv = tri- 
cuspid valve. 


FIGURE 8 (lower right). Right ventricle in a patient with large 
ventricular septal defect (arrow) resulting from deficiency 
of inferior and mid-portion of conal septum (cs), without 
significant conoventricular malalignment. PA = pulmonary 
artery; ts = trabecula septomarginalis. 











alignment, this was not invariably so. In four patients, 


— the ventricular septal defect could be characterized as 
"*supracristal" (actually intraconal, involving the most 


cephalad portion of the conal septum), lying immedi- 
ately adjacent to the left and right pulmonary cusps and 


- separated from the membranous ventricular septum by 


various amounts of conal septum (Fig. 5). In both pa- 
tients with interruption of the aortic arch and common 
aorticopulmonary trunk, the septal defect was indis- 
tinguishable from that observed in isolated truncus 
arteriosus (Fig. 6 to 9). The conal ventricular septal 
defect was not restrictive, and a muscular *subtruncal" 
stenosis was not seen in these two patients. Thus, in 14 
(67 percent) of 21 patients with a ventricular defect 
involving a conal structure, the defect resulted from 
conoventricular malalignment; in the two patients with 
truncus arteriosus, there was virtual absence of the conal 
septum and parietal conus with absence of the truncal 
septum; and in four patients (19 percent), the defects 
were intraconal and immediately adjacent to the pul- 
monary valve (“supracristal” type). In some patients, 
the defect involved the inferior or mid-portion of the 
conal septum, but there was no associated conoventri- 
cular malalignment (Fig. 7 and 8). 

A typical infracristal membranous ventricular septal 
defect was present in five patients (14.7 percent) (Fig. 


9A and 10). Two patients had an atrioventricular (A-V) 


communis defect (Fig. 11), and one patient with D- 
transposition had a ventricular septal defect in the 
*canal" position. Three patients had a large muscular 
ventricular communication. Common or single ventricle 
was not identified in any patient. 


Subaortic obstruction (Table III): The anatomic 


potential for subaortic obstruction is most evident in 
patients with a ventricular septal defect resulting from 
conoventricular malalignment (Table III). In our study, 
the anatomic potential for subaortic obstruction was 
based on (1) unequivocal anatomic narrowing of the 
systemic outflow tract when compared with that of a 
matched normal subject, or (2) documentation of a 
pressure gradient of at least 10 mm Hg across the sys- 
temic outflow tract. Using these criteria, we probably 
excluded some patients with mild subaortic obstruction. 
These patients have a large subpulmonary (conal) 
ventricular septal defect and a leftward deviated conal 
septum. Thirteen of 21 patients with a ventricular septal 
defect of the conoventricular malalignment type had 
anatomic evidence of subaortic obstruction resulting 
from the abnormally positioned conal septum. This 
group included patients whose defect resulted from 
isolated conoventricular malalignment and those who 
had associated contiguous membranous defects. Pa- 
tients with an isolated membranous, muscular cushion 
type defect may also exhibit subaortic obstruction, 
usually related to mitral valve abnormality of deposits 
of accessory endocardial cushion tissue, or both (Fig. 
9B). 

The aortic valve was tricuspid in 22 patients and was 
grossly deformed and stenotic in only 1 of these (Table 


_ IV). A bicuspid aortic valve was evident in 10 patients, 


and was stenotic in 3 of these. Both truncal valves were 
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tricuspid and the free valve margins were mildly - 
thickened. Truncal valve stenosis was not present in 35 
either patient. There was clearly the potential for aortic — - 
valve prolapse in the patient with high, intraconal 
ventricular defect. . 
There was no obvious relation between the position 
of the ventricular septal defect and the type of aortic — : 
interruption (Table III) in our small study group, and — - 
the presence or absence of subaortic obstruction did not 
predispose to any specific type of interruption. — 
Significant underdevelopment of the left ventricle — . 
was found in only one patient who had a very small  - 
conal defect, partly occluded by both mitral and tri- ` 
cuspid valve tissue, and severe subaortic obstruction. —— 


Discussion 


Distortion of conal anatomy is responsible fora wide — . 
spectrum of congenital heart defects.!? In our study, we . 
demonstrated that defects of the conal septum are - 
common in patients with interruption of the aortic arch, — - 
occurring in 21 of 34 patients. Conoventricular mal- ~ 
alignment, as Van Praagh et al.! observed, is responsible — . 
for the presence of a large subpulmonary ventricular 
septal defect and for the anatomic basis of the subaortic — 
obstruction often evident in these patients. Conal EB 
maldevelopment in some of these patients is manifested 
as absence of the conal septum in its inferior, middle or 
superior portion. These defects can be considered in- — - 
tracristal and are not invariably characterized by co- — 
noventricular malalignment. Indeed, the raphe at the © 
line of insertion of the conal septum with the anterior 
and posterior limbs of the trabecula septomarginalis has — __ 
been preserved in these patients. In the patient with — - 
conoventricular malalignment, this bulbar raphe is not  . 
evident, and the ventricular communication lies “in the 
arms" of the trabecula septomarginalis. E 

Factors determining type of ventricular septal 
defect: conoventricular development and align- 
ment. There are considerable variations in the ap- — 
pearance of the conal ventricular septal defect, and this — 
is related in part, to its embryogenesis. Goor et al.!49 — 
presented a classification of ventricular septal defect _ A 
based on developmental characteristics of the septum. 
In their classification, the infundibular ventricular 
septal defect represents a significant category of defect, 
and was found in 33 of 112 isolated defects. They sug- — . 
gested that the common denominator anatomically for .- 
the infundibular ventricular septal defect is the in- — - 
volvement of the crista supraventricularis from the right — . 
ventricular aspect, the anterior margin of such defects — 
is placed anteriorly to the so-called infundibulo-ven- ES 
tricular line. What Goor et al. characterized as infun- — . 
dibular ventricular septal defect encompasses what we — 
and others term conal ventricular septal defect. Ven- — 
tricular defects of the infundibular or conal type have _ 
at least four subtypes: (1) ventricular septal defect of — 
the membranous septum cutting into the adjacent in-  . 
ferior aspect of the conal septum; (2) mid-conal ven- 
tricular septal defect; (3) *supracristal" ventricular 
septal defect, lying adjacent to the left and right pul- — 
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FIGURE 9 (above). Right and left ventricles in a patient with 
a moderately large infracristal membranous ventricular septal 
defect. A, right ventricle. Arrow points to the septal defect. 
There is no conoventricular malalignment. B, left ventricle 
(LV). There is significant narrowing of the left ventricular 
outflow tract (Ivot) by accessory endocardial cushion tissue 
(ac) attached to the aortic leaflet of the mitral valve (amv). 
The aortic valve (AO) is bicuspid. PA — pulmonary artery. 


FIGURE 10 (left). Right ventricle in a patient with mild defi- 
ciency of the inferior portion of the conal septum (cs) adja- 
cent to the posterior arm of the trabecula septomarginalis 
(ts). Conoventricular malalignment is not present, and the 
ventricular septal defect (arrow) involves both the mem- 
branous and adjacent conal septum. PA — pulmonary ar- 
tery. 
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FIGURE 11. Left ventricle in a patient with complete common A-V 
canal. The left ventricular (LV) outflow tract is not appreciably narrowed. 
The aortic valve (AO) is tricuspid. 


monary cusps; and (4) ventricular septal defect char- 
acterized by complete absence of the conal septum. 
Indeed, the ventricular defects observed in the present 
study encompass this spectrum of conal defect. 

It is difficult to ascertain the incidence of conal versus 
nonconal ventricular septal defect because relatively 


little attention has been focused on this finding in the 


patient with interruption of the aortic arch. Ventricular 
septal defect was very common in our patients but can 
be absent. Eight (80 percent) of 10 patients with aortic 
arch interruption studied by Van Praagh et al.! had 
muscular subaortic stenosis, a finding that suggests the 
presence of a conal ventricular septal defect in these 
patients. Of 32 patients with ventricular septal defect 
in our study, the conal septum was involved in 21 (66 
percent). Immagoulou et al.?° stated that muscular 
subaortic stenosis above the ventricular septal defect 
was present in 6 of their 18 necropsy cases (33 percent). 
In these three series involving 64 patients, 35 probably 
had involvement of the conal septum (incidence rate 55 
percent). 

Ventricular septal defect in tetralogy of Fallot 
versus aortic arch interruption: The ventricular 
septal defect in tetralogy of Fallot and that in inter- 
ruption of the aortic arch are caused by conoventricular 
malalignment. Van Praagh et al.?! have suggested that 
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TABLE III 


Correlation of Position of Ventricular Septal Defect and 
Subaortic Obstruction* 


DEM —————D——Á——————— Eo 


Subaortic Obstruction oy 





Position of VSD Number no. % 
aya a y a AWE Te a ee ee 
Conal 14 9 64.2 
Conal and membranous 7 4 57.1 
Membranous 5 2 40 
“Cushion” type 2 1 50 
Muscular 3 1 gain 
Other ANO jut 
* Excluding the patient with D-transposition of the great arteries. b b 


the essence of tetralogy of Fallot resides in subpulmo- | 
nary conal underdevelopment and in failure of the — — 


subpulmonary conus to be carried in a posterior, inferior - E. 
and rightward direction. This is thought toresultina — 


subpulmonary infundibulum that is too small in all di- - 
rections. Furthermore, the conoventricular malalign- 


ment results in a defect posterior to the conus and in the _ 


limbs of the trabecula septomarginalis. 7 
Rosenquist et al.22 suggested that tetralogy of Fallot — 

comprises a spectrum of anomalies in which a variable _ 

portion of the conal septum remains in its usual posi- I 


tion, forming the inferior and posterior margins of the — j 
ventricular septal defect. The remainder of the conal  . 


septum is deviated anteriorly, partitioning off a stenotic 
outflow tract and forming the anterior border of the 
ventricular septal defect. Becker et al.,! in their mor- 
phometric and geometric study of tetralogy of Fallot, 
concluded that lack of conal inversion and conal mal- 
septation are the morphogenetic mechanisms respon- 
sible for tetralogy of Fallot. Despite various interpre- —— 


tations of the embryologic events, disturbances of conal ~ | 


growth, maturation and geometry are obviously implicit 
to the pathogenesis of Fallot's tetralogy. Similarly, in 
the patient with interruption of the aortic arch, conal 


ventricular septal defect and subaortic stenosis, dis- 


turbances of conoventricular development and align-  - 
ment result in these features. Furthermore, the leftward — 
deviation of the conal septum may interfere with ade- — 
quate antegrade flow of blood through the left ventric- 
ular outflow tract during the critical embryonic stages 


TABLE IV 


Morphologic Features of Aortic Valve and Type of 
Interruption of Aortic Arch* 





Type of Aortic Arch Interruption T 








1. Tricuspid, normally formed 1 


Aortic Valve A A, B B, C 
9 

2. Tricuspid, stenotic 1 on 
3. Bicuspid, not stenotic 1 
4. Bicuspid, stenotic 1 
ATS "Ur SEI are TE Re ee en NEG C ogni Rr 
*Excluding the two patients with common aorticopulmonary 
trunk. . 
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. in the morphogenesis of the aortic arch and may be re- 
sponsible for the frequent associations with severe 
anomalies of the aortic arch. 123 
= Ventricular septal defect in truncus arteriosus 
. versus aortic arch interruption: The ventricular 
í septal defect in common aorticopulmonary trunk 

- (truncus arteriosus) results from conal maldevelopment, 
. and superficially there is a resemblance between the 
_ ventricular septal defect in truncus arteriosus and in- 
3 terrupted aortic arch. Van Praagh and Van Praagh?4 
K- pronecested that the ventricular septal defect in truncus 
arteriosus results from virtual absence of the distal 
aonar infundibulum (conus), with the ventricular 
septal defect lying between the anterior and posterior 
. limbs of the septal band (trabecula septomarginalis). 
. Recently, Rosenquist et al.” called attention to a 
spectrum of conal and truncal septal defects in patients 
With truncus arteriosus, and mentioned patients with 
. small or diminutive conal septal defects. Angelini and 
- Leachman?$ have described the spectrum of truncoco- 
nal septal defects and proposed a classification based 
on the degree of absence of the truncoconal septum.?6 
It is of interest that the two patients with truncus ar- 
teriosus and interruption of the aortic arch in our study 
both had conal defects typical of truncus, not of aortic 
_ arch interruption (Fig. 8 to 10). To our knowledge, 
| truncus arteriosus has not been complicated by a 

"subtruncal" stenosis, although a restrictive conal 

Prehtricilar septal defect would result in obstruction to 
flow from both ventricles into the truncus. 

Single or common ventricle: This was not an as- 
E oriated cardiovascular malformation in our study, al- 
though this association has been sporadically docu- 
mented.! In the compilation by Van Praagh et al. of 
. patients with aortic arch interruption through October 
1968, 4 of 184 cases (2 percent) had single ventricle. This 
association was not observed in the 20 patients de- 
. scribed by Immagoulou et al.?? However, Collins et al.? 
. recently reported that 3 of 29 patients (10 percent) with 
- interruption of the aortic arch had single ventricle.? In 
necropsy and angiocardiographic reviews of patients 
_ with single or common ventricle culled from six series 
_ of patients,?7-?? aortic arch interruption was noted in 
t. 2 of 261 patients (although Van Praagh et al.?? recorded 
3 patients with aortic arch atresia among 60 patients 
_ with single or common ventricle). 

Subaortic obstruction—surgical implications: 

.Subaortic obstruction, or at least the anatomic potential 
k for subaortic obstruction, is noted commonly in the 
A patient with interruption of the aortic arch. Van Praagh 
R 
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et al.? attributed this anatomic substrate to a charac- 
_ teristic leftward shift of the crista supraventricularis 
- which results in a muscular subaortic stenosis.! Sub- 
aortic obstruction in these patients is not invariably the 
3 result of conoventricular malalignment. Accessory en- 
- docardial cushion tissue or anomalous mitral attach- 
E ment may also result in subaortic narrowing.??? 
. Recently, Moulaert and Oppenheimer-Dekker?^ de- 
. scribed the anterolateral muscle bundle of the left 
. ventricle. This bundle, which is found between the left 
coronary aortic semilunar cusp and the anterior leaflet 
of the mitral valve, was reported to be present in ap- 


proximately 40 percent of normal hearts. This tissue is 
thought to be derived embryologically from the left 
extremity of the bulboatrioventricular flange. These 
authors comment that when a ventricular septal defect 
is present it is frequently associated with severe 
anomalies of the aortic arch, including interruption, 
atresia, coarctation and tubular hypoplasia. Both co- 
noventricular malalignment and the anterolateral 
muscle bundle of the left ventricle may result in ana- 
tomic subaortic stenosis. 

It is difficult to state with any precision the incidence 
of subaortic stenosis in patients with interruption of the 
aortic arch. Fifty percent in the present series had an- 
atomic evidence of a potential for left ventricular out- 
flow tract narrowing. Moller and Edwards?6 reported 
that 8 of 105 patients (8 percent) with interruption of 
the aortic arch had subaortic stenosis. In a recent clin- 
ical and pathologic study of interruption of the aortic 
arch,?? muscular subaortic stenosis above the ventric- 
ular septal defect was found in 6 of 18 necropsy cases (33 
percent). It is our impression that at least 25 to 30 per- 
cent of patients, possibly more in symptomatic neo- 
nates, might be anticipated to have subaortic obstruc- 
tion. According to Tyson et al. when there is evidence 
of ventriculoaortic obstruction, thoughts of arch re- 
construction in the neonate should be abandoned, and 
pulmonary arterial banding should be employed. It is 
possible, however, that pulmonary arterial banding 
might aggravate and intensify the subaortic obstruction 
in at least some of these patients. Freed et al.?738 doc- 
umented the development of subaortic obstruction after 
pulmonary arterial banding for ventricular septal defect 
and suggested that a leftward deviated conal septum 
that hypertrophied in response to the banding might be 
responsible for this complication. There is not enough 
experience with the surgical management of patients 
with arch interruption and subaortic obstruction to 
provide firm guidelines. It is possible that this subaortic 


muscular obstruction, in some of these patients, could 


be surgically approached through the ventricular septal 
defect. 

Hypoplastic left ventricle: Gross underdevelop- 
ment of the left ventricle occurred only once in our se- 
ries. Collins et al.,!? summarizing the experience of the 
New England regional infant cardiac program, stated 
that 8 of 29 patients had hypoplasia of the left heart 
chambers?. None of the 10 cases personally studied by 
Van Praagh! were characterized as having a grossly 
underdeveloped left heart, and this was not mentiond 
in the study of Immagoulou et al.?? Angiocardiogra- 
phically, and at necropsy, the morphologic left ventricle 
appears relatively small when compared with the usu- 
ally significantly hypertrophied and dilated morpho- 
logic right ventricle. It has been our experience based 
on our large necropsy series, on selective left ventricu- 
lograms in nearly 50 patients with interruption of the 
aortic arch, and on diagnostic ultrasonic studies in 10 
patients that left ventricular dimensions are usually 
normal when compared with the normal values of 
Rowlatt et al.9 

The aortic valve was bicuspid in 10 of our 34 patients, 
and in 5 of the 10 cases studied by Van Praagh et al.! 
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Clinical Implications and Speculations 


1. In the patient with interruption of the aortic arch, 
one must be cognizant of the frequency of conal ven- 
tricular septal defect and conal-ventricular malalign- 
ment, the latter resulting in the anatomic potential for 
subaortic narrowing. It is therefore desirable to obtain 
a pressure recording across the left ventricular outflow 
tract. Selective left ventricular angiocardiograms should 
demonstrate both the high conal position of the ven- 
tricular septal defect and the subaortic narrowing. 

2. In some patients with ventricular septal defect 
secondary to conoventricular malalignment, although 
the leftward deviated conal septum may encroach on the 
left ventricular outflow tract, no pressure gradient can 
be demonstrated across the aortic valve at cardiac 
catheterization. Partial correction with reconstitution 
of the aortic arch and pulmonary arterial banding may 
set the stage for acquired subaortic obstruction after 
banding for the ventricular septal defect.**9 In these 
patients, it was suggested that an abnormally deviated 
conal septum becomes hypertrophied in response to the 
pulmonary arterial band, thus narrowing the left ven- 
tricular outflow tract. These observations indicate that 
aggressive attempt at total repair using the technique 
of profound hypothermia may help to avoid certain 
difficulties. 

3. Gross underdevelopment of the left ventricle oc- 
curred only once and was associated with a restrictive 
ventricular septal defect. 

4. Although aortic valve abnormalities were not un- 
common, severe aortic valve stenosis was unusual. 
Recognition of aortic valve stenosis in the patient with 
interruption of the aortic arch requires pressure re- 
cordings across the aortic valve and retrograde aortog- 
raphy. 

5. The patient with muscular and “cushion” ven- 
tricular septal defects may have left ventricular outflow 
tract obstruction. The patient with A-V communis and 
interruption of the aortic arch undoubtably has a se- 
verely distorted mitral valve (or common A-V valve), 
and both the valve leaflet and accessory endocardial 
cushion tissue conjointly narrow the left ventricular 
outflow tract. This combination of defects may prove 
inoperable. Mechanisms for subaortic obstruction in the 
patient with muscular ventricular septal defect include 
muscular, fibrous and cushion tissue deposits. 

6. Interruption of the aortic arch is distinctly rare in 
the patient with situs inversus totalis, L-ventricular 
loop, the heterotaxy syndrome or the syndrome of jux- 
taposition of the atrial appendages. 
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7. When interruption of the aortic arch occurs in _ 


double outlet right ventricle with L-transposition of the , 
great arteries, there must be gross underexpansion of — - 


the subaortic conus. 


8. Aorticopulmonary fenestration occurs rarely with "ul 


interruption of the aortic arch.^?9/^? The ventricular  . 
septum is usually intact, but the aorticopulmonary — n 
septum is virtually absent. b 

9. The patient who survives surgical reconstitution 


of the aortic arch and palliative pulmonary arterial 
banding (leaving the ventricular septal defect open) is 
at risk for the development of aortic regurgitation. An ` 
important pathogenetic mechanism for aortic valve _ 
prolapse and subsequent regurgitation is lack of ana- — 


tomic support for the aortic valve structure.!!-*^ Ob- — 


viously, the patient with a conal ventricular septal de- 
fect, especially with an immediatesubpulmonary ven- 
tricular septal defect, lacks sufficient support for the © T 
right coronary sinus and anulus and is predisposed to — . 


aortic regurgitation. Although aortic regurgitation 
secondary to a prolapse mechanism is uncommon in the 
first year of life, it is conceivable that the timing and 
severity of aortic runoff will be aggravated by restenosis 


at the site of arch reconstruction.*?*4® One might 


therefore conclude that total primary repair of the arch - 
and ventricular septal defect would present these 
complications. 


10. Interruption of the aortic arch rarely occurs as an — 3 
isolated anomaly, and almost any cardiovascular mal- 


formation can be coexistent. As Van Praagh et al.! 


stated, interruption of the aortic arch is indicative of a g / 


significant intracardiac anomaly. Moulaert et al.*’ re- 
cently presented evidence in a small group of patients 
that certain ventricular defects may influence prenatal ~ 
patterns of intracardiac flow, potentially resulting in ~ 
reduced aortic flow and predisposing to anomalies of the 


aortic arch. Although our study expands the observa- — 
tions of both Van Praagh and Moulaert and their col- — 
leagues, it defines a considerably wider anatomic  - 
spectrum of ventricular septal defect than that pre- ^ - 
viously reported. Indeed, our observations suggest that — 
at least in some patients (particularly those with an 
isolated membranous or muscular-ventricular defect, .: 
typical truncal ventricular defect or intact ventricular — - 


septum), there is no obvious intracardiac anomaly that a 
predisposes to a reduced aortic flow. es. 
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A prospective study of a computerized arrhythmia alarm system was - 3 


carried out in the coronary care unit during 200 patient hours of monitoring. __ 
The computer system was designed to activate an alarm on the devel- 


opment of rhythm and conduction disorders including asystole, ventricular — 
tachycardia, atrial tachycardia, sinus tachycardia, bradycardia, frequent — 
premature ventricular beats, atrial fibrillation and bundle branch block. ‘i 
Study patients were simultaneously monitored by the computer system  . 
and a conventional analog heart rate alarm system. All alarms generated a 
by the two systems were evaluated. Of 79 computer alarms, 42 (53 per- 
cent) were true positive alarms; during the same period there were 167 
analog alarms of which only 13 (8 percent) were true positive alarms. In 
both systems, false positive alarms were primarily due to patient move- - 
ment, but they occurred only 25 percent as often with the computer system 


as with the analog system. These results indicate that computerized ar- _ | 


rhythmia monitoring systems offer significant advantages over conven- 
tional monitoring techniques. 


The coronary care unit was established in the early 1960's to providea _ 
centralized facility for monitoring patients with acute myocardial in- 
farction. The initial motivation for these units was the need for rapid — 
detection and subsequent management of ventricular fibrillation and 
acute heart block. However, early experiences in observing various ` 
cardiac rhythm and conduction disorders produced a change in coronary — 
care philosophy and provided new insights into the importance of de- D 
tecting certain premonitory rhythm events—including premature ^ 
ventricular beats, ventricular tachycardia and acute bundle branch . 
block—that frequently precede more life-threatening problems. The . 
need to recognize adverse determinants of myocardial infarct size further — 


stimulated the development of techniques for detecting episodes of sinus 


tachycardia and bradycardia, atrial fibrillation and other rhythm dis- 


orders usually not considered ominous events. These developments  . 


suggest that the coronary care unit can play a greater role in reducing e. 
the in-hospital mortality of patients with acute myocardial infarc- . 
tion.! sd 
Evidence now indicates that conventional rhythm monitoring tech- -~ 
niques are unreliable and that more efficient and accurate methods of 
patient monitoring are required.” In an effort to meet this need, several 
computerized monitoring systems have been developed.” 9 Most of these 
systems emphasize QRS detection and recognition of premature ven- a 


tricular beats because of the importance of these events in the setting ~ 


of acute myocardial infarction. Many of the systems are designed to be — 
used simultaneously in several patients for continuous monitoring of — 
heart rhythm, detection of premature events, determination of changes — 
in heart rate and activation of various alarms on a priority basis. Unlike — 
conventional analog equipment, these systems also permit storage and - 
retrieval of collected electrocardiographic data. i 
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Various approaches have been used to evaluate 
computerized arrhythmia monitoring systems. Some 
published reports™!! have described the accuracy of 
various computer systems in detecting premature 
- ventricular beats and have demonstrated an impressive 
sensitivity and specificity for QRS and premature 
ventricular beat recognition under research conditions. 
. However, little effort has gone into evaluating these 
Systems in relation to better patient care and better use 
_ of nursing personnel. The real value of a computerized 
monitoring system lies in its ability to activate alarms 
_ when a potentially serious change in rhythm occurs. The 
proper management of rhythm disorders is dependent 
upon this characteristic and future evaluation studies 
need to focus on this aspect of computer monitoring. 
We report a study of the computerized arrhythmia 
. monitoring system in the coronary care unit at LDS 
. Hospital made to evaluate the clinical accuracy of 
computerized arrhythmia alarms. During the study 
. patients were simultaneously monitored by the com- 
_ puter system and a conventional analog heart rate alarm 
1 system. The frequency of true and false alarms gener- 
. ated by the two systems was observed and documented. 
f Our results have definite implications for the role of 
computerized monitoring systems in the coronary care 
unit and also provide a direct comparison of comput- 
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m -erized and conventional alarm systems. 
b: 
E TABLE | 
[M Minute Display Variables 
t 
bx Variable Description 


Number of beats per minute as deter- 
c mined from the average R-R interval 
2-2. PV Ds Number of beats satisfying criteria: 
bs 1. More than 6 percent premature ven- 
tricular beats, and 
2. ORS configuration differs greatly 
e from the average configuration 
or 
1. More than 30 percent premature 
ventricular beats, and 
2. QRS duration of 100 msec or more, 
and 
3. QRS duration at least 20 msec 
longer than the average duration 
Duration of shortest premature ventricu- 
lar beat coupling interval in msec 
Duration of average premature ventricu- 
lar beat coupling interval in msec 


E 1. Heart rate 


PELL NETT IEEE END 


-.8. Short PVD 
"4. Average PVD 


5. PADs Number of beats satisfying criteria: 
Bu 1. More than 30 percent premature, 
An and 
a 2. Not a premature ventricular beat 
5 6. Average ORS Average ORS duration in msec 
_ 7. Wide ORS Number of beats satisfying criteria: 
3 1. QRS duration of 100 msec or more, 
MS. and 
ga ; 2. ORS duration at least 30 msec 
: A longer than the average duration, 
and 
3. Average QRS duration for past min- 
3 ute of 110 msec or less, and 


4. Not a premature ventricular beat 
Provides a measure of the variability in 
the R-R intervals for normal beats 


8. ECG regularity index 


k 
Ám 
E: 
y 





ECG = electrocardiographic; PADs = premature atrial beats; PV Ds 
` = premature ventricular beats. 


584 April 1977 The American Journal of CARDIOLOGY Volume 39 


VVUVITVIOMICOY ANNI IMA ACANV OTOUCIVE—rnyvol Cl AL. — E 
> | > , t; T ` v 


Methods 


The arrhythmia monitoring system: The monitoring 
system consists of a NOVA 1210 minicomputer located in the 
coronary care unit.!? All real time electrocardiographic data 
gathering and analysis are performed by the NOVA. The 
system also includes a local CRT terminal and a remote CDC 
3300 computer system separately interfaced to the NOVA. 
System control and access to various system resources are 
achieved through the terminal located at the central moni- 
toring station in the coronary care unit. The NOVA allows for 
short-term data storage and display, but the CDC 3300 pro- 
vides permanent storage of electrocardiographic data in the 
computerized medical record of each patient. This comput- 
erized record includes electrocardiographic, clinical labora- 


tory, blood gas, hemodynamic, pharmacy and clinical patient _ 


data. The NOVA interface serves as a link between the CDC 
3300 and the terminal and enables the medical staff to use 
programs stored in the CDC 3300 system and to examine the 
long-term data contained in a computerized patient record. 

The system has been designed to monitor a maximum of 16 
patients simultaneously, although the coronary care unit now 
has only beds for 12 patients. Four beds for acutely ill patients 
have facilities for invasive cardiac intensive care; the other 
eight are utilized for less critically ill patients. A nurse begins 
computer monitoring of a patient by entering at the terminal 
the patient’s bed number, the upper and lower limits of heart 
rate, a premature ventricular beat alarm limit, and an option 
number specifying whether premature atrial beats are to be 
recognized. During the initial phase of monitoring, the com- 
puter system determines the values of the electrocardio- 
graphic variables to be used in locating and analyzing QRS 
complexes. Each minute these values are updated to enable 
the system to follow adequately changes in the patient’s 
rhythm. No attempt is made to recognize P or T waves. A 
summary of minute statistics for each monitored patient is 
regularly displayed at the terminal (Table I). Averages and 
cumulative data on these variables are transmitted to the CDC 
3300 every 15 minutes for storage in each patient’s comput- 
erized record. A patient’s heart rate and data on premature 
beats and signal noise may be displayed graphically on either 
an hourly or daily basis for review by the staff. 

Computerized arrhythmia alarm system: A system has 
been developed that takes advantage of the electrocardio- 
graphic data collection and decision-making capabilities of 
the computer. Table II lists the arrhythmias the system is 
designed to detect and the criteria used to recognize each 
specific arrhythmia. A nurse can prevent the generation of any 
single arrhythmia alarm by setting an alarm override at the 
terminal. Several rhythm disturbances have both alarm and 
reset criteria. Once an alarm is given, the reset criterion is used 
to determine when the particular arrhythmia has disappeared. 
To avoid redundancy, no alarm may be reissued until the as- 
sociated reset criteria have been satisfied. 

The arrhythmia alarm system utilizes a panel of 16 light 
switches interfaced to the NOVA and conveniently located 
at the central monitoring station. Whenever the computer 
system detects an arrhythmia, the panel light corresponding 
to the patient’s bed is turned on. Pressing the switch will turn 
off the light and display at the terminal a message identifying 
the arrhythmia. Using this information, a nurse can evaluate 
a patient’s condition and provide immediate medical treat- 
ment if necessary. The nurse may transmit data on the con- 
dition signaled by the alarm to the patient’s computer file by 
confirming the alarm’s validity at the terminal. As an added 
feature, the detection of an arrhythmia condition for one of 
the four beds reserved for acutely ill patients generates an 





audio tone and a 20 second delay tape recording. The latter 
provides a copy of the electrocardiographic events that caused 
the alarm. 

The conventional analog monitoring system: This sys- 
tem (Hewlett-Packard 780-7A Patient Monitor) consists of 
12 bedside heart rate monitors with upper and lower alarm 
limits that can be adjusted by a nurse. Activation of an analog 
alarm produces an audio tone and a 20 second delay tape re- 
cording. To turn off an alarm, a nurse presses a button on the 
patient’s bedside monitor. 

Protocol: To ascertain the clinical accuracy of computer- 
ized arrhythmia alarms and compare the performance of 
computer and analog alarm systems, the study involved nu- 
merous sessions in which operation of the systems was ob- 
served from the central monitoring station. These sessions 
were conducted at different times of day to permit evaluation 
of the system’s operation in the various situations that occur 
daily in the coronary care unit. Although both systems have 
the capability of monitoring patients in all 12 beds, the study 
was restricted to observation of patients in the four beds re- 
served for acute care. In this manner, delayed tape recordings 
could be obtained for use in evaluating all alarms. 

At the beginning of every study session, upper and lower 
limits for heart rate were set for each patient in the four beds 
reserved for acute care. Values of 50 and 120 beats/min were 
usually specified. Patients with a heart rate of less than 60 
beats/min had the lower limit set to a value 20 percent below 
the average rate. Similarly, the upper limit was set to a value 


TABLE II 


Arrhythmia Alarm Criteria 





Time Re- 
quired to 
Satisfy 
Rhythm Criteria Criteria 
1. Asystole 5 seconds No significant electrical activity 
(loss of 
signal) 
2. Ventricular Variable Sequence of 5 or more consecutive 
tachycardia premature ventricular beats at a 
rate of 100/min or more 
3. Atrial Variable Sequence of 10 or more consecu- 
tachycardia tive premature atrial beats at a 
rate of 120/min or more 
4. Tachycardia 
Alarm 2 minutes Heart rate exceeding upper limit 
specified when monitoring was 
initialized, and increase in 
` average rate of 20/min or more 
Reset 2 minutes Heart rate of 20/min or more be- 
low the specified upper limit 
5. Bradycardia 
Alarm 2 minutes Heart rate of 50/min or less, and 
decrease in average rate of 
20/min or more 
Reset 2 minutes Heart rate of 70/min or more 
6. Frequent 
PVDs 
Alarm 3 minutes — 6/min or more 
Reset 3 minutes 1/min or less 
7. Wide ORS 
Alarm 3 minutes 75 percent or more of beats wide 
Reset 3 minutes Average QRS duration of 100 
msec or less 
8. Irregular 
rhythm 
Alarm 4 minutes Electrocardiographic regularity 
index of 5 or more 
Reset 4 minutes Electrocardiographic regularity 


index of 2 or less 


i a M ———— 


PV Ds = premature ventricular beats. 
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20 percent above the average rate for patients with a heart rate 
greater than 100 beats/min. The established limits were re- 
corded on a specially designed form that also was used to 
record the time of starting and completing the study session 
as well as information on all alarms signaled during the ses- 
sion. Information recorded for each alarm included the fol- 
lowing: 

1. Bed number 

2. Time of the alarm 

3. Source of the alarm (analog or computer system) 

4. Type of arrhythmia detected 

5. Comments (validity of the alarm; cause of the alarm; 


condition of the patient; and patient and staff activity atthe 


time of the alarm) 


Members of the coronary care unit staff usually had ini- | 


tialized computer monitoring of patients before the beginning 
of a study session. As a general rule, this monitoring was not 
restarted. Only in a few instances, such as when leads were 
reattached or repositioned, was it necessary to reinitialize 
monitoring. In these cases, reinitialization sometimes reen- 


abled a previously issued alarm although the associated ar- — i 


rhythmia had not yet disappeared (that is, the reset criteria 
had not been satisfied). For this reason, alarms identifying 
previously detected arrhythmias were ignored for several 
minutes after reinitialization. 


Results 


Analog system alarms: Over a 2 month period, a total of 
200 patient monitoring hours were observed. In this time only 
13 of the 167 alarms given by the analog system were valid 


(Table III). Of these 13 alarms, 4 concerned a patient who had 


occasional episodes of sinus arrest. Five instances of sinus and 

atrial tachycardia, one of ventricular tachycardia and three 

of disconnected leads accounted for the other valid alarms. 
More than 50 percent of the false analog alarms were gen- 


erated for a group of nine patients. During 25 patient moni- 


toring hours, 80 false alarms were given for these nine patients. 
For most of these patients, either the alarm limits had to be 
widened or the alarm had to be turned off. Another 74 false 
analog alarms were uniformly distributed among 40 pa- 
tients. 

Computerized arrhythmia alarms: True arrhythmia 


alarms accounted for approximately 53 percent of the total _ 


TABLE III 


Frequency of Computer and Analog Alarms 





True Alarms False Alarms 


Computerized Alarms Patients Alarms Patients 
Arrhythmia Alarm (no.) (no.) (no.) (no.) 
Loss of signal 16 15 0 0 
Ventricular tachycardia 1 1 8 6 
Atrial tachycardia 1 9 5 
Frequent PVDs 5 3 4 2 
Bradycardia 2 2 7 5 
Tachycardia 3 2 0 0 
Irregular rhythm 6 6 7 4 
Wide QRS 4 3 0 0 
ORS duration returned 2 1 2 2 
to normal 
Total computer alarms 42 37 
(53%) (47%) 
Total analog alarms 13 8 154 49 
(8%) (92%) 





PV Ds = premature ventricular beats. 
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—A number of observed computerized arrhythmia alarms. Two 
valid loss of signal alarms were given during a cardiac arrest. 
. The remaining 14 “true” loss of signal alarms were caused by 
- leads that were loose or temporarily disconnected. Instances 
_ of atrial flutter, atrial fibrillation and other supraventricular 
arrhythmias were responsible for six valid irregular rhythm 
. alarms. Although primarily intended for the identification of 
bundle branch block, three wide QRS alarms were given for 
patients with demand pacemakers who had conversion from 
A anormal sinus to a paced rhythm. The two valid QRS dura- 
_ tion returned to normal alarms were generated when these 
.. patients resumed a normal sinus rhythm. The computer sys- 
- tem did correctly identify the development of bundle branch 
—. block in one patient. 
The 37 false computerized arrhythmia alarms represent less 
. than 25 percent of the total number of false analog alarms. 
. Signal artifact was the most common cause of false arrhythmia 
- alarms. A reduction in the size of the monitored signal was also 
— an important factor. Episodes of idioventricular rhythms 
accounted for three false ventricular tachycardia alarms, and 
1 another three false frequent premature ventricular beat 
E alarms were caused by episodes of aberrant premature atrial 
b 
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- beats. A programming error was responsible for the false QRS 
- duration returned to normal alarms. 
During the entire study, arrhythmia alarm overrides had 
- to be set only twice. One loss of signal override was set for a 
_ patient who had a cardiac arrest. An atrial tachycardia ov- 
. erride also was set after three valid alarms had been given for 
. one patient. 





ne 


Discussion 


Systems for computer monitoring of the electrocar- 
. diogram in the coronary care unit have now been in 
. existence for approximately 10 years. Initially, it was 
important to document the accuracy of these systems 
_ in terms of QRS recognition for both normal and ectopic 
. beats. Most reported studies for both developmental 
(research) and commercial systems indicated a high rate 
. of correct QRS complex classification under study 
— conditions.!? Generally these study conditions involved 
- short periods of time in which computer results were 
- compared with visual interpretation of electrocardio- 
_ graphic data from strip chart recordings. 
|. . It is probably unrealistic to expect that new moni- 
_ toring algorithms based on body surface electrocardi- 
2 -ograms will get much better for beat recognition espe- 
_ cially when patient monitoring is carried out for many 
_ consecutive hours during acute care. It is even likely that 
. the number of false positive and false negative QRS 
. events will increase if the present trend of early ambu- 
. lation for the patient with an acute infarction continues. 
. What remains to be considered then is the clinical role 
_ for computerized monitoring systems in patient care. 
. Can these systems significantly contribute to the 
. management of the patients being monitored? 
_ Computerized arrhythmia monitoring system 
: versus analog heart rate alarm system: This study 
_ represents an initial step in the evaluation of a com- 
. puterized arrhythmia monitoring system that is being 
- developed to assist patient care in the coronary care 
unit. The study emphasized alarm detection rather than 
. individual beat recognition because we believed that the 
. course of patient care was more dependent on detection 
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of particular alarm conditions than on accurate recog- 
nition of every abnormal beat. 

The unreliability of the analog heart rate alarm sys- 
tem was not surprising. These systems have been de- 
signed to signal an alarm whenever the heart rate falls 
outside a range set by the nursing staff. In contrast to 
alarms in the computer system, only 8 percent of all 
analog alarms represented instances in which the heart 
rate exceeded the established limits. Moreover, these 
results underestimate the poor performance of the an- 
alog system. In 18 patients (27 patient monitoring 
hours) false analog alarm rates were so excessive that 
heart rate limits had to be widened or the alarm turned 
off completely. 

Most of the false positive analog heart rate alarms 
occurred during patient activity. The analog system was 
extremely sensitive to high frequency, high amplitude 
muscle noise generated during patient movement. A 
majority of the false positive computer alarms also were 
caused by patient movement, but these false alarms 
occurred only 25 percent as often as false positive analog 
alarms (approximately 1 alarm in every 5 patient 
monitoring hours). False positive computer alarms 
could be conveniently reset at the central monitoring 
station; in contrast, analog alarms had to be turned off 
at the patient’s bedside. 

Problems in the computer monitoring system: 
During the course of the study several situations were 
found to present specific problems for the computer 
system. Some of these also posed problems for the an- 
alog system. 


1. A patient turning on his side occasionally caused a re- 
duction in the signal size of the monitored QRS complex. As 
a consequence, false bradycardia alarms were observed be- 
cause of failure of the computer system to locate all QRS 
complexes. A false atrial tachycardia alarm might also result 
when the patient resumes the supine position. 

2. Loose electrode leads were found to induce electrical 
artifact and cause any of several different false arrhythmia 
alarms. 

3. Improper adjustment of the electrocardiographic am- 
plifier sensitivity resulted in the computer’s inability to find 
sufficient QRS complexes for accurate signal analysis. 

4. In some patients, the modified lead V; used for routine 
monitoring did not provide a suitable QRS complex for com- 
puter detection and subsequent monitoring. Repositioning 
of the electrodes was necessary to provide accurate monitor- 
ing. 

5. Isolated noise spikes continued to present particularly 
difficult problems to the computer system. This type of arti- 
fact often may be misdiagnosed as a premature ventricular 
or premature atrial beat. The lack of other significant artifact 
in the region of the noise spike prevented its recognition as 
noise. Consequently, a series of these isolated spikes were 
found to generate a false ventricular or atrial tachycardia 
alarm. 

6. Demand pacemakers, because of the usually longer QRS 
durations associated with paced rhythms, caused a wide QRS 
alarm for patients who were alternating between normal sinus 
and paced rhythms. This was the case in the majority of valid 
wide QRS alarms produced during the study. 


It became apparent that coronary care unit personnel 
can help to minimize the effect of these problems by 





‘Roe v. 
E ` "e 
43 


vam 


- 


fixing loose electrodes, properly adjusting the amplifier 
sensitivity and overriding wide QRS alarms for patients 
with demand pacemakers. The acceptance of the com- 
puter system by the nurses and staff has been most 
encouraging. It is anticipated that in the future the 


nurses will become more aware of the role they can play 


in enhancing system performance. 

Advantages of computer monitoring system: 
Several advantages in the use of computers to monitor 
the electrocardiogram became evident during the course 
of this study. Rapid and efficient data storage and re- 
trieval of electrocardiographic information were im- 
portant factors in gaining the medical staff's acceptance 
of the system. Members of the staff were able to review 
not only stored electrocardiograms but also other pa- 
tient data stored in the CDC 3300 system including 
laboratory and blood gas data and hemodynamic vari- 
ables (for patients being monitored invasively). A sec- 
ond advantage was the ability to detect specific rhythm 
events rather than just excessive changes in heart rates. 
Valid arrhythmia alarms could readily be verified by the 
hard copy strip chart recording generated by computer 
signal at the time of the alarm condition, thus permit- 
ting more rapid treatment of specific rhythm disorders. 
Although not specifically studied for this report, there 
were several observed instances in which frequent 
premature ventricular beat alarms directly resulted in 
the administration of lidocaine. 

An unexpected finding was the small number of true 
positive alarms occurring in the coronary care unit. The 
data suggest an average of 1 alarm condition every 5 
hours of patient monitoring. This places the computer 
at a distinct advantage over the human observer. 
Romhilt et al.? previously demonstrated that conven- 
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tional arrhythmia detection using coronary care unit - 
personnel was unreliable because of the transient and 
infrequent nature of arrhythmias. It is reasonable to 
expect, therefore, that computer alarm systems might 
provide an attractive alternative to conventional mon- 
itoring. 

Future goals: The computerized alarm recognition 
system represents only one module of a total hospital 
information system being developed at the LDS Hos- 
pital. The long-range goal of this system is to incorpo- 
rate the arrhythmia monitoring module into a more 
comprehensive data management system for the coro- 
nary care unit that will make possible computer-assisted 
decision-making.!^ In this regard, the data needed for 
appropriate antiarrhythmic therapy frequently include, - 
in addition to the electrocardiographic descriptors, 
blood gas measurements, electrolyte determinations, 
previous drug history, presence or absence of heart 
failure and possibly other clinical indexes. Most of this 
information is currently being entered into the patient's 
computerized medical record. Efforts are underway to 
standardize the variety of treatment rules for managing 
the common rhythm and conduction disturbances en- 
countered in routine cardiac care. These rules can then — 
become algorithms for computer-assisted decision- 
making. Studies are now being designed to test the hy- 
pothesis that such a system can significantly enhance 
the efficiency and eventual outcome of patient care in 
the critical cardiac care environment. 
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Acute Myocardial Infarction 


This study was designed to evaluate effects of dobutamine, a new car- 
dioselective beta adrenergic agonist, on cardiac performance and myo- 
cardial injury in patients with evolving myocardial infarction. Results in 
16 patients given dobutamine (1 to 40 g/kg per min for 24 hours) were 
compared with those in two groups of control patients: one of 16 patients 
matched for predicted infarct size, and the other of 16 patients matched 
for early ventricular dysrhythmia, analyzed by computer. Infarct size was 
predicted from plasma creatine kinase (CK) values during the first 7 hours 
after the initial elevation, before infusion of dobutamine. Overall observed 
infarct size was estimated from hourly CK values for 48 hours (including 
those before and after administration of dobutamine). In all patients 
technetium-99m (stannous) pyrophosphate scans were positive for 
myocardial infarction. Dobutamine increased cardiac output (assessed 
by thermodilution) from 4.9 + 0.37 (mean + standard error) to 6.0 + 0.38 
liters/min (P <0.05) and decreased pulmonary arterial occlusive pressure 
from 21.5 + 2.7 to 16.7 + 1.6 mm Hg (P <0.01) without significantly al- 
tering heart rate or systemic arterial blood pressure. The ratio of observed 
to predicted infarct size, the frequency of independently detected rein- 
farction or extension of infarction and the frequency of premature ven- 
tricular complexes were similar in control and treated patients. Thus, 
administration of dobutamine in doses sufficient to improve ventricular 
performance after myocardial infarction does not exacerbate myocardial 
injury or ventricular dysrhythmia. 


The ultimate extent of myocardial infarction appears to be influenced 
at least in part by factors affecting the balance between myocardial 
oxygen supply and demand.!-? Most deaths occurring in patients hos- 
pitalized with acute myocardial infarction appear to result from pump 
failure,* which in turn is related to extensive necrosis.^-? In experimental 
and clinical studies, attempts have been made to decrease infarct size 
with interventions designed to decrease myocardial oxygen requirements 
or increase myocardial oxygen supply.?9-?? However, patients with in- 
farction complicated by severe left ventricular failure present a thera- 
peutic dilemma. On the one hand, ventricular performance must be 
maintained or improved in order to support the peripheral (and coro- 
nary) circulation. On the other hand, myocardial oxygen requirements 
should not be augmented disproportionately to oxygen supply in jeo- 
pardized ischemic tissue. These considerations underlie the use of 
pharmacologic agents with positive inotropic effects.?!,22 Unfortunately, 
many such agents exhibit deficiencies and are potentially deleterious 
in patients with acute myocardial infarction. For example, in experi- 
mental animals isoproterenol leads to extension of infarction, probably 
because of its marked positive chronotropic and lipolytic?? as well as 
positive inotropic effects intensifying oxygen demand.?^?? Norepi- 
nephrine exerts potent alpha adrenergic effects resulting in increased 
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afterload which increases myocardial oxygen require- 
ments. It may also cause coronary arterial constriction.” 
Dopamine, a potent inotropic agent circumventing some 


- of these deficiencies, nevertheless exhibits alpha ad- 


renergic effects and arrhythmogenic potential, partic- 
ularly in large doses.?»-?7 

Dobutamine (Fig. 1), a new catecholamine developed 
by Tuttle and Mills,?? is a beta; adrenergic agonist ex- 
hibiting minimal beta» and alpha adrenergic effects. 
Studies in dogs demonstrate its cardioselectivity, potent 
positive inotropic properties and minimal positive 
chronotropic, vasoconstrictive and arrhythmogenic 
effects. Unlike dopamine, dobutamine dilates skeletal 
muscle arterial beds but not the renal arteries.?9-?? 
Because these properties seemed likely to facilitate 
improved ventricular performance without exacerbating 
ventricular dysrhythmia or increasing myocardial 
oxygen requirements excessively, we examined the ef- 
fects of the drug on enzymatically estimated infarct size, 
cardiac rhythm and hemodynamics in patients with 
acute myocardial infarction. 


Methods 


Patients studied: Forty-eight patients with electrocar- 
diographic, enzymatic and scintigraphic documentation of 
myocardial infarction were studied. Eighteen women and 30 
men whose average age was 58 years (range 41 to 72 years) 
were included. All patients were admitted to the cardiac care 
unit of Barnes Hospital, St. Louis, within 6 hours of the onset 
of symptoms and all had initial plasma creatine kinase (CK) 
values of less than 75 milli-international units (miu)/ml. Thus, 
their infarcts had not evolved markedly at the time of the 
initial evaluation. Because we wanted to evaluate the effect 
of dobutamine on ventricular dysrhythmia as well as infarct 
size and hemodynamics, patients were excluded if they had 
been taking any antiarrhythmic medications or digitalis before 
hospitalization. 

These 48 patients constituted one treated and two control 
groups. The control patients were not selected by a random- 
ization process because hemodynamic monitoring, utilized in 
all treated patients, was implemented in control patients only 
when required for clinical management. The 16 patients in the 
group treated with dobutamine were selected consecutively 
on the basis of clinical and hemodynamic criteria (see later) 
and received an intravenous infusion of the drug after giving 
informed consent. Patients were included in the treated or 
control groups only if the small standard error of the initial 
portion of the curve used for fitting, divided by the average 
value of CK values used for the fit, was less than 0.21. This 
criterion led to exclusion of 35 percent of otherwise potentially 
suitable candidates and was used so that plasma CK time- 
activity curves with noise on the upstroke, or curves that did 
not conform to a log-normal function, would not be used for 
fitting in either group. 

A second group of 16 patients, matched with treated pa- 
tients on the basis of similar predicted infarct size and eval- 
uated identically, constituted one control group. A third group 
of 16 patients, matched with treated patients on the basis of 
similar frequency of premature ventricular beats during the 
interval corresponding to the pretreatment interval in patients 
given dobutamine, constituted the second control group. 

Patients treated with dobutamine were selected on the 
basis of the following hemodynamic criteria at the time of 
admission: systolic blood pressure less than 130 mm Hg, heart 
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FIGURE 1. The chemical structure of dobutamine. 


rate less than 120 beats/min, cardiac index less than 2.7 li- 
ters/min per m? and pulmonary arterial occlusive pressure less 
than 10 mm Hg. Patients in shock were excluded because of 
the possibility that enzymatic estimates of infarct size might 
be affected spuriously by CK released from hypoperfused 
skeletal muscle. Dobutamine, 1 to 40 ug/kg per min, was ad- 
ministered by constant intravenous infusion for 24 hours 
beginning immediately after a pretreatment interval during 
which 7 hourly plasma CK samples had been obtained for 
projection of subsequent values used to predict infarct size. 
Dosage was titrated so that maximal systolic blood pressure 
did not exceed 130 mm Hg and heart rate did not exceed 90 
beats/min. Blood pressure was monitored at 15 minute in- 
tervals throughout the study in each case, and the dose re- 
quired and administered to maintain systolic blood pressure 
below 130 mm Hg did not exceed 40 ug/kg per min. If the 
initial heart rate exceeded 90 beats/min, the infusion was ti- 
trated so that heart rate did not increase by more than 10 
percent of the pretreatment rates or to a maximum of 120 
beats/min, whichever was less. 

Enzymatic estimation of infarct size: Blood samples for 
determination of CK activity were obtained with use of an 
indwelling heparin lock, to avoid repetitive venipuncture, 
hourly for the first 10 hours and every 2 hours thereafter until 
CK values had returned to the initial value (less than 100 
mlU/ml). Samples were neutralized with ethyleneglyol 
tetraacetic acid (0.005 molar [m], pH 7.4), centrifuged at 2,000 
g for 10 minutes, protected with 0.005 M mercaptoethanol and 
stored after fast freezing at —70? C. CK activity was assayed 
spectrophotometrically?! in samples stored for a maximum 
of 6 weeks, an interval during which less than 3 percent of 
activity is lost (unpublished observations). MB CK isoenzyme 
activity was determined quantitatively by a fluorometric ki- 
netic method previously described.?? 

Infarct size was predicted from projected plasma CK values 
conforming to the best-fit log-normal curve derived from 
values of CK activity during the first 7 hours after the initial 
plasma CK elevation. Observed infarct size was calculated 
from all available actual CK values. Both calculations were 
made on the basis of a value for CK disappearance rate (ka) 
determined from the terminal portion of each patient's plasma 
CK time-activity curve.?? Results were expressed as CK- 
gram-equivalents.?4 

In treated patients, infarct size was predicted on the basis 
of data obtained during the 7 hours before administration of 
dobutamine. The ratio of predicted to observed infarct size 
was used as an index of the effect of dobutamine on infarct size 
and was compared with the corresponding ratios in the control 
group, matched on the basis of predicted infarct size. 

Quantification of ventricular dysrhythmia: Each pa- 
tient's electrocardiogram was recorded continuously on 
magnetic tape for 20 hours beginning within 1 hour after ad- 
mission. The tapes were digitized and processed by the 
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FIGURE 2. Hemodynamic data in 16 treated patients before (white bars) 
and immediately after (hatched bars) the onset of infusion of dobuta- 
mine. Values shown are mean values + standard error. Dobutamine 
increased cardiac output and decreased pulmonary arterial occlusive 
pressure (PAo) without significantly changing heart rate or systolic blood 
pressure (BP). | = liter; n.s. = not significant; p = probability. 


Argus/H computer system designed for automated high speed 
analysis of ventricular dysrhythmia with human editor veri- 
fication.?? This system exhibits 1 percent reproducibility after 
digitization, true positive sensitivity of approximately 90 
percent and essentially no false positives. Tapes were analyzed 
for the total number of premature ventricular complexes, the 
number of couplets and the number of runs of three or more 
premature ventricular complexes. The effects of dobutamine 
on ventricular dysrhythmia were assessed by determining the 
hourly rate of premature complexes during the first 7 hours 
(before treatment) and the rate observed during the subse- 
quent 13 hours (during treatment). These results were com- 
pared with corresponding rates during corresponding intervals 
in control patients matched for the hourly rate of premature 
ventricular complexes during the initial 7 hour interval. 
Conventional therapy with intravenous bolus injections of 
lidocaine, 1 mg/kg, was used for all patients when the rate of 
premature ventricular complexes exceeded 10/min for 3 
consecutive minutes or when runs of ventricular tachycardia 
occurred. No other antiarrhythmic agents were employed. 
Evaluation of hemodynamics: Serial determinations of 
pulmonary arterial and pulmonary arterial occlusive pressure, 
intraarterial pressure and cardiac output (assessed by ther- 
modilution)?? were performed after insertion of a Swan-Ganz 
catheter. Hemodynamic measurements were obtained for at 
least 3 hours before treatment with dobutamine and at 2 hour 
intervals thereafter until the infusion was terminated. The 
frequent measurements before initiation of treatment were 
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FIGURE 3. Lack of effect of dobutamine on enzymatically estimated 
infarct size. The bars denote observed infarct size (as percent of pre- 
dicted infarct size) in each group. Mean values for predicted infarct size 
in 16 control and 16 treated patients were similar (49 + 12 and 44+ 
12 [standard error] CK-gram-equivalents). The increase in observed 
infarct size, probably reflecting extension of infarction in some patients,5 
is comparable in control and treated patients. Standard error was cal- 
cula:ed from the percent difference between observed and predicted 
infarct size. n — number of patients. 
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obtained to verify stable conditions during the control inter- 
val. The values presented in Figure 2 refer to values obtained 
within 5 minutes before administration of dobutamine and 
within 5 minutes after the maximal infusion rate was initially 
established (within 45 minutes after the onset of infusion in 
each case). 

Myocardial scintigrams: Myocardial scintigrams were 
obtained 2 hours after intravenous injection of 15 mCi of 
technetium-99m (stannous) pyrophosphate 48 hours after the 
initial elevation of CK activity.?? 


Results 


Effects of dobutamine on hemodynamics (Fig. 2): 
The 16 patients with acute myocardial infarction 
treated with dobutamine had a significant increase in 
cardiac output (from 4.9 + 0.37 liters/min [mean + 
standard error] before treatment to 6.0 + 0.38 liters/min 
[P « 0.05]) and a significant decrease in pulmonary 
arterial occlusive pressure (from 21.5 + 2.7 to 16.7 4 1.6 
mm Hg [P « 0.01]). There was no significant change in 
heart rate or systemic arterial pressure. Among six 
control patients monitored hemodynamically who did 
not require diuretic agents or inotropic support, average 
cardiac output did not increase at all and pulmonary 
arterial occlusive pressure decreased by an average of 
only 2 mm Hg during the same interval. This compari- 
son of hemodynamic values does not justify definitive 
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TABLE I 
Infarct Size Index in Patients With Myocardial Infarction 


Control Patient Groups 


Matched for Predicted 
Infarct Size (no. = 16) 


Matched for PVC 
Frequency (no. = 16) 





ISI CPI Lidocaine * 
33 9.89 1500 
9 5.01 1200 
27 5.45 1275 
31 8.32 1575 
71 11.50 1575 
20 10.12 1425 
46 9.88 1425 
66 9.30 1350 
26 6.95 0 
56 9.23 0 
11 10.60 1575 
5 11.10 1650 
2 4.96 1200 
3 10.11 1575 
3 7.30 1500 
22 8.93 1350 
Range 2—71 4.96—11.50 0—1650 
Mean 27 8.66 1441 


* Lidocaine expressed as total mg/patient. 
Dose of dobutamine expressed as total mg/kg. 


CPI = coronary prognostic index (calculated according to Norris et al.**); ISI = infarct size index (CK-gram-equivalents/m? body surface area; 


PVC = premature ventricular complexes. 


Individual data are listed for control and treated patients. Infarct size index (ISI) was calculated by dividing observed infarct size by body sur- — 
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Patients Treated With Dobutamine (no. = 16) 


Dose of 


ISI CPI Lidocaine* Dobutaminet 
37 10.10 1500 15.90 
8 5.36 0 1.89 
26 5.11 1350 1.50 
29 8.11 1425 1.96 
64 8.24 1275 3.05 
26 10.10 1650 7.10 
47 10.40 1425 5.22 
71 9.30 1500 4.78 
52 7.62 0 4.30 
49 9.07 0 3.24 
3 10.50 1425 2.66 
2 15.0 1500 1.20 
9 5.11 1350 2.75 
4 10.81 1725 5.63 
14 6.88 1350 7.20 
18 9.36 1800 4.37 

p) p 5.11—11.12 0—1800 1.20—15.90 
30 8.57 1483 4.55 


í 


face area (m°). CK-gram-equivalents (infarct size) were calculated as previously described,?? except that the value used for myocardial CK con- - 
tent was 1,600 IU CK per gram of human myocardium (range = 1,400 to 1,800; no. = 5) based on analysis of fresh samples from hearts of five — 
patients obtained within 4 hours of death and evaluated to define this variables under the conditions of assay used in our study. Dobutamine — 


dose represents the total amount given during the entire treatment interval. 


conclusions about the effects of dobutamine on hemo- 
dynamics in patients with acute myocardial infarction 
because the control patients were not selected in ran- 
dom fashion and because not all control patients were 
monitored hemodynamically. The data are presented 
simply to indicate that the doses of dobutamine utilized 
were sufficient to increase cardiac output and decrease 
pulmonary arterial occlusive pressure in treated pa- 
tients and thus provide a framework for assessing the 
effects of pharmacologic doses of the drug on infarct 
size. 

Effects of dobutamine on enzymatically esti- 
mated infarct size: All patients in the treated and 
control groups had myocardial scintigrams that were 
unequivocably positive for acute myocardial infarction. 
Figure 3 depicts predicted and observed infarct size in 
treated and control patients. Because the control pa- 
tients were matched on the basis of predicted infarct 
size, the values of predicted infarct size were naturally 
similar in the two groups. The Norris acute coronary 
prognostic index? was also found to be similar for 
control and treated patients (Table I). In control pa- 
tients, values for observed infarct size exceeded pre- 
dicted values because some patients had reinfarction 
or extension of infarction during the interval of study, 
as reflected by secondary peaks of plasma creatine ki- 
nase (CK) activity and by the clinical signs and symp- 
toms to be described. A similar relation was observed 
with the ratio of observed to predicted infarct size 
among patients treated with dobutamine. Because 
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dobutamine did not increase the ratio of observed to 


predicted infarct size over that of control subjects, it did — 


not appear to exacerbate ischemic injury or augment 
infarct size even though it was administered in doses 
sufficient to improve ventricular performance. The 
estimates of observed infarct size in treated and control 
groups were similar, thus corroborating this impression. 
Table I summarizes calculations of infarct size index?? 
(observed infarct size divided by square meters of body 
surface area), a measurement used to normalize ob- 
served infarct size values for body surface area and, 
hence, to some extent for ventricular mass. The mean 
values for this index in treated and control groups were 
similar. 

Figure 4 shows results from 12 of the 16 patients given 
dobutamine. The four excluded patients demonstrated 
extension of infarction manifested by recurrence of 
pain, new electrocardiographic changes and secondary 
peaks of conventionally measured serum enzymes in- 
cluding serum glutamic oxaloacetic transaminase 
(SGOT) and lactic dehydrogenase (LDH). The rate of 
apparent extension of infarction (25 percent) was 
identical in the treated group and in the control group 
matched for predicted infarct size, and this rate is 
comparable with that observed by others.’ 

When the four patients with extension of infarction 
detected by criteria other than changes in plasma CK 
time-activity curves are excluded, the average values for 
observed infarct size are quite similar to the average 
predicted infarct size in control and treated patients. 
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X' FIGURE 4. Effect of dobutamine on observed infarct size in patients 
p without obvious reinfarction or extension. Data from 12 patients, se- 
a lected because they represented all patients who did not have extension 
- Of infarction for 48 hours, are depicted as in Figure 3. 
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1 Effects of dobutamine on ventricular dysrhyth- 

. mia (Fig. 5): Control patients were selected on the basis 

E of having a comparable number of premature ventric- 
. ular complexes during the first 7 hours when plasma CK 
— values were increasing. This interval was selected to 

3 correspond to the pretreatment interval for patients 

à given dobutamine. During the subsequent 13 hours, an 
- interval in which dobutamine was being infused, the 

E number of premature ventricular complexes was com- 

3 parable in control and treated patients with a charac- 
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teristic decrease in the frequency of premature com- 

- plexes with time in patients from both groups (Fig. 5). 

The requirements for lidocaine were comparable in 
. control and treated patients (Table I). Thus, dobuta- 
. mine did not exacerbate ventricular dysrhythmia or 
— blunt the characteristic diminution of the frequency of 
_ premature ventricular complexes during early recovery 
— after acute myocardial infarction. 


Discussion 


E This study was designed to determine whether 

_ dobutamine in doses sufficient to improve ventricular 

_ performance could be administered without exacer- 
_ bating ischemic injury in patients with acute myocardial 
infarction. Among the patients studied, selected on the 
- basis of relatively large predicted infarct size and some 
- compromise of ventricular function, dobutamine did not 
appear to influence infarct size unfavorably because the 
. ratio of observed to predicted infarct size was compa- 
. rable to that in control patients. The frequency with 
-= which treated patients exhibited repeat infarction or 
. extension of infarction during the interval of study was 

the same as in control patients matched for predicted 
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FIGURE 5. Effect of dobutamine on premature ventricular complexes 
(PVCs). The ordinate depicts the total number of premature ventricular 
contractions during selected intervals after admission. White bars 
denote the total number of premature ventricular complexes occurring 
in the 7 hours during which CK samples were obtained before infusion 
of dobutamine. The hatched bars represent the total premature ven- 
tricular complexes occurring during the subsequent 13 hours (while 
dobutamine was infused in treated patients). The decreases in frequency 
of ectopic beats with time were comparable in the two groups. 


infarct size. Because dobutamine increased cardiac 
output and decreased pulmonary arterial occlusive 
pressure without increasing heart rate or afterload, 
improved ventricular performance was achieved with- 
out augmenting myocardial oxygen demands dispro- 
portionately. Conceivably, reduction of ventricular wall 
stress accompanying decreased left ventricular filling 
pressure, and presumably decreased left ventricular 
volume, might also facilitate coronary perfusion. 

Because creatine kinase (CK) released from myo- 
cardium undergoing necrosis does not appear in the 
plasma for several hours?* and because prediction of 
infarct size with the technique used in our study entails 
an additional 7 hour interval for the acquisition of data 
required for curve fitting, dobutamine was administered 
only after a considerable delay. Thus, salutary effects 
limiting progression of injury in jeopardized myocar- 
dium and leading to overall salvage of heart muscle may 
have been masked. In fact, early administration of 
dobutamine in experimental animals does appear to 
reduce infarct size.^? However, our finding that the drug 
can be given in the clinical setting, albeit relatively late 
after the onset of infarction in this investigational uti- 
lization of the drug, without exacerbating ischemic in- 
jury suggests that it may be a particularly valuable agent 
for improving ventricular performance in patients with 
evolving myocardial infarction. 
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Unfortunately, many agents with positive inotropic 
effects are arrhythmogenic in patients with myocardial 
infarction. Compared with isoproterenol, norepineph- 
rine and dopamine, dobutamine is less likely to induce 
ventricular dysrhythmia in experimental animals??? 
and patients with ischemic heart disease.*? In our study, 
the drug did not increase ventricular dysrhythmia in 
treated patients, and the improvement in electrical 
stability of the heart, reflected by the rate of premature 
ventricular complexes, was comparable in treated and 
control patients. The propensity for any sympathomi- 
metic agent to extend infarction appears to be related 
to the presence or absence of concomitant heart failure. 
As shown by Watanabe et al.,!?^ agents with positive 
inotropic effects may not extend infarction when heart 
failure is present, presumably because their net effect 
is to improve the balance between myocardial oxygen 
supply and demand, in part by decreasing ventricular 
wall stress by reducing left ventricular end-diastolic 
volume. On the other hand, the same agent may exac- 
erbate infarction if heart failure is not present, pre- 
sumably because myocardial oxygen requirements are 
augmented directly by the positive inotropic effect of 
the drug. 
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Clinical implications: The patients in our study had 
modestly depressed cardiac function; hence, it is pos- 
sible that other sympathomimetic amines also might not 
have extended infarction. Nevertheless, our documen- 
tation of the absence of a deleterious effect of this par- 
ticular agent is of potential importance because other 
agents causing greater acceleration of heart rate or va- 
soconstriction, or both, might not improve cardiac 
output without exacerbating ischemic injury. 

Dobutamine is a cardioselective agent with positive 
inotropic effects that appear to improve ventricular 
performance in acute myocardial infarction. Its phar- 
macologic properties suggest that it might be particu- 


]arly suitable for supporting the circulation in patients 


with acute myocardial infarction. Our results indicate 
that its judicious administration in doses sufficient to 
improve ventricular function does not exacerbate 
ischemic injury or ventricular dysrhythmia. 
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Survival times of chromium-5 1 platelets and iodine- 125 fibrinogen were 
determined in 58 men with documented coronary atherosclerosis. Com- 
pared with findings in a control group of 28 men of similar age, mean 
platelet survival time was selectively shortened (6.8 + 1.8 [standard 


deviation] days versus 9.0 + 1.0 days; P <0.0001) without a decrease - 


in fibrinogen survival time. More than half of the patients (31 of 58) had. 
a platelet survival time of less than 7.0 days (2 standard deviations from 

the mean survival time in control subjects). Mean platelet survival time 

improved toward normal in nine patients after coronary revascularization 

(preoperative 5.1 + 0.9 days, postoperative 7.1 + 1.5 days; P <0.001) 

and in 13 patients after administration of dipyridamole and acetylsalicylate 

(4.8 + 0.5 days versus 7.0 + 0.8 days; P <0.001). We conclude that 

selective platelet consumption occurs in atherosclerotic coronary vessels 

of some patients and that medical or surgical intervention may inhibit this 
process. 


Although platelets are traditionally considered important in the — 
thrombotic and microembolic complications of coronary atherosclero- — 
sis,!-3 their fundamental role in atherogenesis has only recently been © 
proposed. Both animal and cell culture studies indicate that atheromas — 


are intimal proliferative lesions of smooth muscle cells with their con- 
nective tissue secretory products (collagen, elastin and proteoglycan) 
and accumulated lipid.* The genesis and subsequent growth of these 


lesions involve endothelial cell desquamation and platelet adhesion and ~ 


release of a platelet mitogenic factor that stimulates intimal proliferation 
of smooth muscle cells. Pharmacologic inhibition of platelet function 
appears to inhibit lesion formation. 


In this study of 58 patients with coronary atherosclerosis, platelet and — 


fibrinogen survival times were determined and the effect of medical and 
surgical intervention was assessed. 


Methods 


Patients studied: Platelet and fibrinogen kinetic studies were carried out in 
58 men aged 33 to 67 years (mean 53 years) with symptomatic angina pectoris. 
'The pattern of angina had been stable for at least 3 months, and no patient had 
had a myocardial infarction within the preceding 3 months. Selective coronary 
arteriography was performed within 3 months of study. Only patients with at 
least one luminal diameter narrowing of 60 percent or more were included for 
study. The geographic extent of disease and the percent of coronary stenosis were 


expressed as a coronary arterial score in which the percent patency for each of - 3 


six coronary arteries (the left main, left anterior descending, diagonal, circumflex, 


obtuse marginal and right) was summed.’ A normal arteriogram was given a score _ 
of 600; lower scores indicated progressively more severe disease. Except where _ 


noted, no patient had previously undergone surgical coronary arterial revascu- 


larization, and none was taking medications known to inhibit platelet con- _ 
sumption. Patients were considered hypertensive if they had two or more re- 
cordings of blood pressure greater than 160 mm Hg systolic or 90 mm Hg dia- — 
stolic. Cigarette smoking was defined as the smoking of any number of cigarettes _ 
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during the period of study. Eight patients had diabetes of 
adult onset; none had juvenile diabetes or required insulin. 
No patient had an abnormal concentration of blood urea ni- 
trogen or was known to have any condition other than vascular 
disease predisposing to abnormal platelet consumption. 
Twenty-eight asymptomatic normal control men aged 30 to 
80 years (mean 52 years) were similarly studied. 
Treatment: Dipyridamole, when administered, was given 


—— orally in combination with acetylsalicylate three times daily 
_ (each dose 75 and 330 mg, respectively). All patients with a 
. platelet survival time of less than 7 days and agreeable to a 
- second study were restudied immediately thereafter while 


receiving a combination of dipyridamole and acetylsalicylate, 


- given for 2 days preceding and throughout the second study. 
7 Coronary revascularization consisted of autologous saphenous 
_ vein aortocoronary grafts except in two patients who under- 
_ went direct internal mammary coronary arterial grafting. 
_ Preoperative kinetic studies were undertaken 1 to 4 weeks 


before operation, postoperative studies from 2 to 12 weeks 
after operation. Studies were performed no sooner than 2 
weeks after operation to allow full recovery from the enhanced 


- consumption of coagulation factors induced by surgery.5 No 
. patients in the postoperative group received anticoagulant 
- agents or other medication known to affect platelet surviv- 


Laboratory methods: Platelet survival time was deter- 


- mined from the disappearance pattern of autologous chro- 


mium-51 platelets obtained by measuring the radioactivity 


_ in 10 to 15 serial samples over 8 days.? Platelet survival time 
- was determined by computer fitting to a gamma function as 
_ described by Murphy and Francis.!? Fibrinogen survival time 
- was determined by iodine-125 labeling of fibrinogen from a 
- single hepatitis-free donor according to the iodine-131 chloride 
. method.!! Fibrinogen survival, that is, the average time in 


- circulation,’ was calculated from the half-time disappearance 
divided by the natural logarithm of 2. 


Results 


Platelet survival: In 58 patients with coronary 
atherosclerosis, platelet survival time was significantly 
shortened (average 6.8 + 1.8 day [mean + standard 
deviation|) compared with survival time in 28 control 


. subjects (9.0 + 1.0 days, P «0.0001 [Wilcoxan rank sum 
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FIGURE 1. Frequency distribution of platelet survival time in 58 patients 
with coronary artery disease and 28 normal control subjects of com- 
parable age. Decreased values (less than 7 days) are observed in ap- 
proximately half of the patients with coronary disease. N — number of 
subjects. 
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test]). In the group with coronary atherosclerosis, 27 
patients (47 percent) had a platelet survival time within 
2 standard deviations of that of control subjects (more 
than 7.0 days) whereas 31 patients (53 percent) had a 
platelet survival time shorter than 7.0 days (Fig. 1). 
Patient age, the presence of hypertension, diabetes or 
cigarette smoking had no significant correlation with 
platelet survival time. The mean coronary arterial score 
for the 58 patients was 389 + 90; there was no correla- 
tion between this score and platelet survival time (r — 
0.18). 

Fibrinogen survival: The mean fibrinogen survival 
time for all patients with coronary atherosclerosis was 
not significantly different from that of control subjects 
(4.8 + 0.5 versus 4.9 + 0.2 days). 

Effects of medical and surgical therapy: The 
mean platelet survival time of 13 patients treated with 
dipyridamole and acetylsalicylate was significantly 
prolonged (4.8 + 0.5 days before therapy; 7.0 + 0.8 days 
with therapy, P «0.001) (Fig. 2A). Mean platelet sur- 
vival time was significantly increased in nine patients 
studied a second time 2 to 12 weeks after coronary re- 
vascularization (preoperative 5.1 + 0.9 days, postop- 
erative 7.1 + 1.5 days; P <0.001) (Fig. 2B). Of these nine 
patients, six underwent angiography 1 to 6 months after 
operation; 14 of 19 grafts (74 percent) were found to be 
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FIGURE 2. Effect of treatment. A, platelet survival normalized with di- 
pyridamole-acetylsalicylate (ASA) therapy. B, platelet survival nor- 
malized with coronary revascularization. N = number of patients; P = 
probability; SEM = standard error of the mean. 
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patent, and each patient had at least one patent 
graft. 


Discussion 


Platelet survival was measurably decreased in more 
than half of our patients with documented coronary 
atherosclerosis (Fig. 1). Furthermore, the consumption 
of platelets was selective; there was no associated re- 
duction in fibrinogen survival time compared with 
control values. Correction of platelet survival to near 
control values with dipyridamole and acetylsalicylate 
(Fig. 2A) further documents the selective nature of 
platelet consumption because platelet inhibitory drugs 
appear not to modify platelet survival in states of 
combined platelet and fibrinogen consumption.? 'The 
interruption of platelet consumption with saphenous 
vein coronary bypass surgery (Fig. 2B) implies that the 
consumption, in fact, occurs largely within the coronary 
arterial circulation rather than the noncoronary vas- 
cular bed. 

The finding of shortened chromium-51 platelet sur- 
vival time in about half of our patients with arter- 
iographically proved coronary artery disease is in accord 
with recent findings,!? although conflicting results were 
reported in earlier, smaller series.!?-!? Our control pa- 
tients were chosen because of their similarity in age to 
the study group, although some may have had sub- 
clinical coronary atherosclerosis.!é Large numbers of 
healthy young volunteers have been studied (mean age 
27 years) in our laboratory and have a platelet survival 
time of 9.5 + 0.6 days; the significance of the differences 
reported here would have been magnified if this group 
had served as control subjects.? The failure of platelet 
survival to correlate with the arteriographic extent of 
disease is unexplained but suggests that angiographic 
arterial narrowing need not predict the extent of en- 
dothelial damage, turbulent high velocity flow or ex- 
posed atheromatous material —major factors implicated 
in platelet thrombogenesis. 

Improved platelet survival after coronary bypass 
surgery: The interruption of platelet consumption after 
surgical revascularization, studied in a limited number 
of patients to date, is of special interest. Although an 
entirely adequate control group (patients with short- 
ened platelet survival time undergoing sham operation) 


is lacking, patients with normal platelet survival 


undergoing coronary revascularization show only - 


transient combined platelet and fibrinogen consump- 
tion rather than persistent improvement of platelet 


survival in the postoperative period. Improvementin 


platelet survival after revascularization, if substan- 


tiated, would support the hypothesis that platelets play 


a specific intermediate role in coronary atherosclerosis. | 
One possible mechanism for this postoperative im- — 
provement may be diversion or cessation of high velocity _ 
flow from the proximal atheromatous vessel. The — 


proximal native coronary artery occludes in up to 50 


percent of patients after successful coronary revascu- 


larization.!? When this artery remains patent after by- 


pass surgery, flow velocity there may be substantially — E 
reduced, as demonstrated experimentally.'® Platelet — 
consumption occurring at the proximal site of stenosis _ 


may then cease after the diversion of high velocity flow 
to the more normal distal vessel. Steele et al.!? did not 


observe prolongation of platelet survival time after — 
coronary bypass surgery, although they did correlate _ 
normal postoperative platelet survival with graft pa- E. 


tency and diminished postoperative platelet survival 
with graft closure. Patient selection in their study, 


generally for recurrent angina, may in part explain the | 
difference from our results. | 
Therapeutic implications: Our data, indicating a. 
role for platelets in coronary atherosclerosis, may have E 
therapeutic implications. This possibility is supported — 


by recent studies in primates. Arterial endothelial cell 


damage and subsequent atherosclerotic lesions of pro- — 
liferating smooth muscle cells (produced by homocys- _ 
tine infusion) were prevented by platelet inhibitory . 


agents.9?9? The preventive capacity of these agents ap- 
pears to be related to their inhibiting effect on the re- 
lease of a platelet mitogenic factor into the vessel wall. 


Although the direct clinical implications of these studies _ 


and ours are uncertain, they suggest potential modifi- 


cation of the atherosclerotic process with platelet in- - 


hibitory agents. 
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The ultrastructure of the terminal vascular bed of human coronary arteries 
was studied in the myocardial tissue obtained at surgery from different 
locations in the heart in five patients. The following vessels were identified: 
(1) Arterioles: slender and prolonged endothelial cells, flat nuclei and two 
to three layers of smooth muscle cells. (2) Precapillary sphincters: short 
endothelial cells, large nuclei bulging into the lumen, close myoendothelial 
junctions and a single layer of circular smooth muscle. (3) Capillaries: 
composed of one or more slender endothelial cells. (4) Venules: flat en- 
dothelial cells and nuclei, no muscular layer, rich collagen tissue. 

The function of these structures is believed to be as follows: the arte- 
rioles are the smallest blood-distributing arteries in the heart. The pre- 
capillary sphincters control blood flow to the capillaries; pressor sub- 
stances present in the blood are picked up by endothelial cells, pass 
rapidly through the myoendothelial junctions and cause contractions of 
the smooth circular muscle layer; the bulging nuclei of endothelial cells 
then passively obstruct the lumen almost completely. The main exchange 
of gases and nourishing substances takes place in the capillaries. We 
postulate that in some pathologic conditions, abnormal constriction of the 
sphincters may cause diminished flow and be the basis for some well 
defined or unclear ischemic events. 


It has been established that vital functional activities take place in the 
microcirculatory segments of blood vessels. Many studies!-!? have dealt 
with the physiology of these important sections of the vascular tree but 
only a few!!-!7 have described their ultrastructural features. No previous 
information is available on the ultrastructure of these vessels in man. 

In this study we identified, described and classified the ultrastructural 
features of the human terminal coronary bed, compared our findings 
with those obtained in experimental animals!!-!? and, by studying the 
known functional properties of the microcirculation,!-!? established a 
structural-functional correlation at this level. 


Methods, Material and Classification 


Myocardial tissue was obtained during cardiac surgery from five patients, three 
men and two women aged 18 to 45 years. Two of the five had an atrial septal 
defect, two had mitral valve disease and one had coronary heart disease. The 
pieces of myocardium were taken from the atria, appendages and ventricles; some 
were taken from a subepicardial location and others from the depth of the 
myocardial wall. No difference in fine structural features was observed among 
the tissues obtained from different patients or at different locations in the 
heart. 

The small pieces of the myocardium were fixed immediately with cold phos- 
phate-buffered 6 percent glutaraldehyde. The pieces were then cut into cubes 
no larger than 1 mm? and kept in glutaraldehyde for at least 2 hours. They were 
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. postfixed in 2 percent osmium for an additional 2 hours in the 


same buffer. Dehydration in a graded alcohol series was fol- 
lowed by embedding in Epon 812. Sections were made with 
a Reichert Ultratome and stained with uranyl acetate and lead 
citrate. The tissues were examined with a JEOL-100B electron 
microscope; thick sections, stained with methylene blue, were 
studied by light microscopy. 

Vessels were identified in accord with the criteria estab- 
lished by Rhodin!!:!2 and Berman et al.!? working with ex- 
perimental animals. No differences were detected between 


. their descriptions of microvessels and our findings. Our clas- 
sification of the different segments of the terminal vascular 

bed is based on the system used by Rhodin,!!-!2 and that of 
. Movat and Fernando.!*-!? 


Results 


Arterioles and terminal arterioles (100 to 30 4): The 
luminal aspect of the arteriolar wall is formed by very thin and 
elongated endothelial cells (50 u in length and 2 y in height at 
the nuclear level). The organelles include mitochondria, en- 
doplasmic reticulum, pinocytotic vesicles and nuclei (Fig. 1 
and 2). These are flat and elongated (8 X 2 u) and do not 
protrude into the lumen of the vessel. Adherent to the basal 
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FIGURE 1. Electron photomicrograph of the wall of 
an arteriole. Bm — basement membrane of the en- 
dothelial cell; En — endothelial cell; Et — elastic tissue 
between endothelial and smooth muscle cells; L — 
lumen of the vessel; N — nucleus of endothelial cell 
(note the elongated and flat appearance of the nu- 
cleus); Sm = two to three layers of smooth muscle 
cells with abundant micropinocytotic vesicles (Mp). 
A great number of collagen fibers (C) are seen at the 
periphery of the vessel. (X5,700, reduced by 32 
percent.) 


FIGURE 2. Electron microscopic micrograph dem- 
onstrating the different elements of an arteriolar wall. 
C — collagen fibers; C-Et — elastic fibers mixing with 
collagen fibers between the second and third layer of 
smooth muscular cells (Sm); Et — elastic fibers and 
ground substance seen only between the endothelium 
and the first layer of smooth muscular cells; L — 
lumen with erythrocytes and small thrombus (T). 
(X9,120, reduced by 32 percent.) 


surface of the endothelial cell is a basement membrane. Be- 
tween it and the smooth muscle cells one can observe a few 
fragmented elastic fibrils (Fig. 2) as well as an amorphous 
ground substance. Collagen fibers are usually not seen be- 
tween the endothelial cells and the first layer of smooth muscle 
cells. 

The smooth muscle cells are arranged at this vascular level 
in two to three parallel and circular layers. Their width is 
about 3 to 4 u and the average length is 20 to 25 u. Myofibrils, 
mitochondria, nuclei and dense bodies can be seen inside the 
generally spindle-shaped cells. A large number of pinocytotic 
vesicles mark its borders (Fig. 1). The cell is surrounded by 
a basement membrane. Between the second and the third 
muscular layer, elastic fibers, amorphous ground substance 
and collagen fibers intermingle (Fig. 2). 

Toward the periphery of the arterioles and terminal arte- 
rioles the number of collagen fibers increases, and whorls of 
collagen fibers run in all directions. Fibroblasts and nerve 
elements are also observed in this case. 

Precapillary sphincters (30 to 15 u): The endothelium 
is formed by short and broad cells (Fig. 3 to 7) averaging 5 u 
in length and 4 u in width at the nuclear level (Fig. 6). The 
nuclei of these endothelial cells are round or oval, relatively 
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FIGURE 3. Characteristic ultrastructural features of 
a precapillary sphincter. The basement membranes 
(Bm) of the smooth muscle cells surround the 
myoendocardial bridges (Mb) and continue covering 
the endothelial cells. Collagen (C) and veil cells (fi- 
broblasts) form a primitive adventitia. Endothelial cells 
(En) have large nuclei (N) protruding into the lumen of 
the vessel. Compare these short endothelial cells with 
the more elongated and thinner endothelial cell of 
arterioles (Fig. 1). Et — elastic fibers and ground 
substance. Only a single layer of continuous smooth 
muscle cells (Sm) is seen in the precapillary sphinc- 
ter. L — lumen of the vessel, with erythrocytes. 
(X5,700, reduced by 31 percent.) 
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FIGURE 4. Low power photomicrograph of a pre- 
sumably ‘‘open’’ precapillary sphincter. Note the 
“beads on a string’ appearance of the endothelium 
with its nuclei (N) protruding into the lumen (L). Note 
also myoendothelial bridges (Mb) connecting the 
myoendothelial cells with the smooth muscle layer 
(Sm). Collagen, fibroblasts and nerve endings (Nv) 
surround the sphincter-like vessel; myocardial cells 
(My) are also seen. (X2,280, reduced by 32 per- 
cent.) 
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FIGURE 5. Presumed "closed" precapillary sphincter. j 
Note the three characteristic elements that form its wall: 5) 
(1) endothelial cells (En) with large and round nuclei (N), p A x 
(2) a single layer of smooth muscle cell and its nuclei É d on 3 
(N-Sm), and (3) myoendothelial bridges (Mb) connecting ~*~ -*: E^ 
these two formations. The nuclei of the endothelial cells © ^". ` Sy 
approach each other and only small slits represent the ! e 3 
lumen (L) of the ''closed" precapillary sphincter. More ` 3 
details in the text. Et = elastic fibers; F = fibroblast; My |" a. 


= working myocardial cells; Nv = nerve endings. 
(X5,700, reduced by 33 percent.) 
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FIGURE 6. High power electron micrograph illus- 
trating in more detail some important features of an 
“open” precapillary sphincter. En = endothelial cell; 
‘note its borders with the characteristic cell to cell 
contact and the large nucleus (N). L = lumen with 
erythrocyte; Mb = myoendothelial bridge with a very 
tight contact between the smooth muscle and the 
endothelial components; Sm = smooth muscle with 
myofibrils, mitochondria and nucleus. (X 15,200, re- 
duced by 33 percent.) 
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FIGURE 7. High power electron micrograph of the pre- 
capillary sphincter shown in Figure 5. Note the folding of 
the thin endothelial components (En) as the nuclei (N) of 
the cells approach the center of the microvessel, most 
probably pushed forward into the lumen of the vessel by 
constriction of the surrounding smooth muscle cells (Sm). 
L — obstructed lumen; Mb — myoendothelial bridge. 
(X 16,200, reduced by 32 percent.) 





FIGURE 8. Electron micrograph of metarteriole. En 

— endothelial cells with spongy appearance; L — 

lumen. The nuclei (N) of the endothelial cell still bulge 4 
into the lumen of the vessel, but the smooth muscle 

layer (Sm) is discontinuous. Note fibroblasts and 

working myocardium (My) surrounding the metar- 

teriole. (X5,700, reduced by 32 percent.) 
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large (4 u X 3 1/2 u) and bulge into the lumen of the micro- 
vessel, giving the vessel an appearance resembling “a string 
of beads” (Fig. 3 and 4). An increased number of pinocytotic 
vesicles fill the endothelial cells (Fig. 3 and 7). In some of the 
figures it can be seen that the bulging nuclei of the precapillary 
sphincters approach each other and almost completely ob- 
struct the lumen of the vessel (Fig. 5 and 7). 

The endothelium is surrounded by a single layer of smooth 
muscle cells and is separated from it by two layers of basement 
membrane (one of the endothelial cell and one of the muscle 
cell) and by a small amount of elastic tissue and amorphous 
ground substance (Fig. 3 and 6). The single smooth muscle 
layer is continuous (or almost continuous) and the myofibrils 
show a circular arrangement parallel to the lumen of the vessel 
(Fig. 3 and 6). The nuclei are large (8 » X 3 u in average) and 
in addition, mitochondria, endoplasmic reticulum, pinocytotic 
vesicles and some components of the Golgi apparatus can be 
observed in these smooth muscle cells (Fig. 6 and 7). 

Many myoendothelial bridges pierce the primitive internal 
elastic lamina to form tight membrane to membrane con- 


FIGURE 9. Electron micrograph of a capillary 
vessel. This vessel is formed only by endothelial 
cells (En) without any layer of smooth muscle 
cells. The nucleus (N) of the endothelial cell is 
large but does not protrude into the lumen (L) of the 
microvessel. Rich collagen tissue (C) and fibro- 
blasts surround the thin capillary wall. My = 
myocardial cells with myofibrils, Z lines and mi- 
tochondria. (X5,700, reduced by 30 percent.) 


FIGURE 10. Electron micrograph of a capillary vessel. 
J = junction of two endothelial cells; L = lumen; Mp 
= micropinocytosis; pr = remnants of an accompa- 
nying pericyte. (X 11,400, reduced by 32 percent.) 
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nections between the endothelial and smooth muscle cells 
(Fig. 3 to 7). In the area of the bridges the basement, membrane 
is continuous from the basal surface of the endothelial cell to 
the luminal surface of the smooth muscle cell, surrounding the 
myoendothelial bridges like a “cuff” (Fig. 3). The myoen- 
dothelial connections are numerous fingerlike projections and 
contain a large amount of pinocytotic vesicles (Fig. 6 and 
7). 

A rich collagenous layer that also contains fibroblasts, veil 
cells and nerve elements surrounds the external surface of the 
smooth muscle layer (Fig. 3 to 5). 

Metarterioles (20 to 10 4): As the diameter of the micro- 
vessel further decreases, the smooth muscle layer tends to 
become fractionated; finally, the smooth muscle cells are 
discontinuous, forming isolated islands of muscle cells (Fig. 
8). 

In these vessels the endothelium has a “sponge-like” ap- 
pearance, due mainly to an increase of fine thin fingerlike 
prolongations of the endothelial membrane projecting into 
the lumen of the metarteriole (“villi”) and to a considerable 
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number of vacuoles inside the endothelial cells. These vacuoles 
are larger in dimension than the better known pinocytotic 
vesicles that accompany them (Fig. 8). The nuclei of these cells 
are still similar to those seen in the precapillary sphincters and 
bulge into the lumen of the vessel. In some larger metarterioles 
myoendothelial bridges still connect the endothelium with the 
smooth muscle cells. In these areas, as in the precapillary 
sphincters, the basement membranes “bridge over” the my- 
oendothelial connections. 

Capillaries (8 to 5 u): The capillaries are the smallest 
_ vessels in the terminal vascular bed. They are formed by one 
_ to three endothelial cells and are sometimes accompanied by 
. a neighbor cell (the pericyte) (Fig. 9 and 10). As in the me- 
tarterioles, numerous “villi” protrude from the internal sur- 
face of the capillary into the lumen. Part of these prolonga- 
tions are in the vicinity of the cellular connections (membra- 
nous "flaps"); others appear at random distributions as 
membranous excrescences. Apart from a very rich micropi- 
nocytotic net seen across the depth of the slender cells (Fig. 
10), larger vacuoles are also present giving the same, sponge- 
like appearance to the wall of the capillary as seen in the me- 
tarterioles. The nuclei of the capillary endothelial cells are still 
big, no longer bulging into the lumen of the vessel, but rather 
into the extracellular space (Fig. 9). No muscular coat sur- 
rounds the capillaries and only a few elastic and collagen fibers 
are seen at its periphery. 

Venules (15 to 100 4): Thin long endothelial cells that form 
the only cellular layer of very small venules are similar to those 
. encountered in capillaries. Their general appearance is that 
.. of larger capillary vessels (Fig. 11). With increasing luminal 
—. diameter some isolated and poorly developed smooth muscle 
_ cells or pericytes may be observed in the neighborhood of the 
- endothelium (Fig. 12). The nuclei of the small venules are flat 
— and prolonged (7 X 2 1/2 4). Inside the cell there are scattered 
mitochondria, endoplasmic reticulum and vacuoles (Fig. 12 
and 13). Both vacuoles and pinocytotic vesicles are less nu- 
. merous than in the capillaries. A characteristic feature of 

venules is the presence of a great amount of connective tissue 
- in the immediate vicinity of the basal surface of the micro- 
vessel. As in all other vessels of the terminal vascular bed, the 
endothelial cells are accompanied by a basement membrane 
and some elastic fibers. But in contrast to arterioles, in venules 
a great number of collagen fibers approach the endothelium 
to anchor on the outside surface of the endothelial cell. They 
form a well developed adventitia containing intermingling 


FIGURE 11. Electron micrograph of a vessel that may be 
either a venous capillary or a small vein. C — collagen 
fibers; En = endothelial cells; L = lumen. Note the nerve 
elements (Nv) near the periphery of the vessel. Parts of 
a pericyte (pr) are in close contact with the small vessel. 
b (X5,700, reduced by 32 percent.) 


collagen fibers, fibroblasts and an amorphous ground sub- 
stanee (compare Fig. 2 and 13). 


Discussion 
Identification and Classification of Small Vessels 


The terminal vascular bed constitutes the section of 
a vascular tree that starts with an arteriole, ends with 
a small venule and has a capillary vessel in its center. 
Some confusion prevails about the definition and clas- 
sification of its different segments. Some investigators 
classify microvessels according to vessel diameter. This 
criterion appears to be inadequate because different 
measurement techniques yield different results; for 
example, with intravascular injection of fixative mate- 
rial a vessel may appear dilated whereas the same vessel 
fixed by immersion may show a smaller lumen. Most - 
investigators!!!" therefore add characteristic ultra- 
structural features to vessel measurements in order to 
identify, define and classify the different segments. 

At present there is no consensus on criteria for iden- 
tifying microvessels. Benninghoff!8 believed that some 
“small arteries” may have several layers of smooth 
muscle cells whereas others have only one. Cowdry!? 
referred to "arterioles" as arteries with only a single 
layer of circular muscle cells and Bargmann?? adopted 
the same definition. Movat and Fernando!*-!? divided 
"arterioles" into two secondary groups, those with and 
those without an internal elastica; they also considered 
metarterioles, which show a discontinuous layer of 
smooth muscle cells. Rhodin!! concluded that the 
confusion in nomenclature of microvessels was due to 
a lack of appropriate techniques whereby these small 
vascular ramifications can be studied first in living 
tissues and then in chosen segments fixed for electron 
microscopic studies. In consequence he developed a 
method that combines visualization of a microvessel in 
vivo and later description of its characteristic ultra- 
structural features. Recently, using a similar technique, 
Berman et al.!? confirmed Rhodin's findings and defi- 
nitions. 
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Material obtained during cardiac surgery in man -. 


obviously does not permit the kind of physiologic in- 
vestigations possible under experimental conditions in 
animals. Therefore, for describing and identifying the 
vessels in our own material, we chose to use the ultra- 
structural criteria of Rhodin!!!2 and Berman et al.!? 


From their findings and our own it appears that there 


are no clear defined borders between one microvessel 
and another. Probably there is a slow and gradual 
transformation of different elements composing the 
walls of the small arteries as they approach the stage of 
capillaries and then become venules. 


Functional-Structural Correlations 


Many studies have dealt with the functional aspects 
of the microcirculation such as terminal blood distri- 
bution to tissues, autoregulation of circulation in this 
sector’ and its trigger mechanisms,” periodic flow 
through capillaries, exchange processes of gases and 
nourishment across the vascular wall, and pooling of 
blood and diapedesis of white blood cells from micro- 
vessels into the extravascular space when there is an 
inflammatory process in the neighborhood.?! In con- 
trast, only a few studies have discussed the ultrastruc- 
tural counterparts of the functional aspects of micro- 
circulation. It is generally agreed that the arterioles are 
the last and the smallest arteries carrying oxygenated 
blood to supply the tissues (distributing arteries). As 
these arterioles approach the periphery their lumen 
becomes smaller (30 u or less) and the character of the 
endothelium changes: Instead of the elongated thin 
endothelial cells with their flat nonbulging nuclei seen 
in the arterioles and terminal arterioles, the endothelial 
cells now appear very short and broad, with large round 
and oval nuclei bulging in a characteristic way into the 
lumen of the microvessel. The media loses part of its 
muscular layers and is represented, at this level, by a 
single circular and continuous layer of smooth muscle 
cells. Between the endothelial and smooth muscle cells 
a great number of tight myoendothelial junctions are 


FIGURE 13. Characteristics of the vascular wall of 

a small venule. C — bundles of abundant collagen fi- 

bers anchored on the outside of the endothelium; En 

— endothelium with mitochondria; ML — a polymor- 

phic leukocyte inside the lumen of the venule. N : 
(X9,120, reduced by 31 percent.) 














FIGURE 12. Electron micrograph of a venule with a characteristic — . 
"collapsed" appearance. Around the lumen (L) are elongated endothelial E 
cells (En) with flat and nonbulging nuclei (N) similar to those encountered — 
in the arterioles. Layers of collagen fibers (C) strengthen the small  : 
vessel. A definite smooth muscle layer is not present. (X5,700, reduced 
by 32 percent.) SS 
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observed, piercing through the primitive lamina intima, - 5 
surrounded by a continuation of the basement mem-  - 
branes of the endothelial and smooth musclecells. — 

Microvessel constriction and relaxation: It has 
been thought!! that the presence of the many myoen-  - 
dothelial bridges helps to sustain the wall of the vessel | 
weakened by the gradual disappearance of a multiple — 
layered muscle cell media, now reduced to a single layer. - 
This possibility cannot be excluded. However, we prefer _ 
the hypothesis of Fawcett,22 adopted by Rhodin,! that 
the main functions of this section of the microvessel are _ 


constriction and relaxation (“precapillary sphincters”) a 
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R 
. and thus this section is responsible for the periodic 
blood flow in the capillaries and for the control of the 
. slow circulation and low flow pressure in them. In 
_ Fawcett's and Rhodin's analysis!!.22 of the ultrastruc- 
" tural appearance of the precapillary sphincters, 
_ blood-borne transmitter substances may be picked up 
_ by specific endothelial receptors, pass rapidly through 
_the tight myoendothelial connections and constrict the 
_ circular muscular layer. The constriction produces an 
K approximation of the relatively large round bulging 
. endothelial nuclei; this process in turn almost com- 
. pletely obstructs the vascular lumen. 

_ Between the precapillary sphincter section and the 
. capillaries, additional gradual changes take place in the 
_ structure of the delicate vascular wall. Simultaneously 
_ with another reduction in the lumen of the vessel, in- 
- creasing discontinuity of the single smooth muscle layer 
_ is observed; a reduction in the number of the myoen- 
- dothelial bridges occurs and only the nuclei of the en- 
. dothelial cells are still similar to those seen in the pre- 
. capillary sphincters. Vessels in this section of the ter- 
-minal vascular bed are defined as metarterioles. It is 
conceivable that although some constriction may still 
occur in these vessels, it is probably much less effective 
than that in the precapillary sphincters. 

. Exchange processes across the capillary wall: 
onl the muscular layer disappears completely and 


-= 






only pericytes sometimes accompany the naked vessel, 
_a capillary is present. Its vascular wall is formed solely 
- by one or two endothelial cells and the nucleus of each, 
although large, bulges into the extracellular space rather 
‘than into the lumen of the vessel. As mentioned pre- 
viously, the main exchange of gases and other materials 
between the blood and the cell takes place at this level. 
There are three generally accepted explanations of how 
these exchanges occur across the vascular wall: (1) by 
direct diffusion through the capillary wall; (2) by pass- 
ing through the small gaps present at the junctions of 
two neighboring endothelial cells; and (3) by micropi- 
'inocytosis. The latter starts as a mini-invagination of the 
luminal endothelial membrane, which closes to become 
a small vesicle. This vesicle then migrates through the 
depth of the endothelium and opens again at the cellular 
surface of the cell, ferrying needed nourishment across 
the endothelium (or, in contrast, expelling waste sub- 
‘stances from the cell into the bloodstream). 













. The venules: diapedesis of white blood cells: It is 
difficult to distinguish an arterial from a venous capil- 
lary vessel and even more difficult to decide when a 
venous capillary vessel becomes a small venule (Fig. 11). 
n all of these formations the endothelial cells are thin, 
the nuclei are flat and do not bulge into the lumen of the 
vessel and no smooth muscle elements are seen. Cow- 
dry's statement!” of 38 years ago is still pertinent: It is 


-= 1. Harris PD, Longnecker DE: Significance of precapillary sphincter 

| activity for microcirculatory function. Microvasc Res 3:385-395, 
1971 

i 2. Tillmanns H, Ikeda S, Hansen H, et al: Microcirculation in the 
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an embarrassing question in borderline cases to be asked 
which is which. When dense collagen tissue is anchored 
on the external surface of the vessel, it is very likely that 
one is dealing with a small venule.and that the collagen 
strengthens the venous wall in the absence of a muscular 
layer. In larger venules, islands of smooth muscle tissue 
can be observed. It is at this vascular level that the im- 
portant function of diapedesis of white blood cells from 
the blood flow into the tissue occurs during inflamma- 
tion. These white cells pass through gaps at the endo- 
thelial cell junctions and possibly by other means as well - 
and migrate toward the site of the lesion. 

The many important and vital functions that occur 
in the area of the terminal vascular bed make it impor- 
tant to focus future investigations on this section of the 
circulatory tree and especially to correlate structural, 
physiologic and clinical findings. Such correlative in- 
vestigations in the histologic field have already brought 
important advances in our understanding of the etiology 
of coronary arterial changes.???4 


Possible Clinical Implications 


With the use of coronary arteriography for the study 
of patients with ischemic heart disease, there has 
emerged a group of patients with classic angina pectoris 
but no arteriographic evidence of coronary artery dis- 
ease.^? They are usually women at or near middle age, 
although examples from both sexes and all ages have 
been described. With light microscopy, Barath et al.26 
found pad-like cellular structures protruding into the 
lumen of the smallest coronary arteries. They believe 
that these pad-like formations “play a regulatory, di- 
recting, closing role in terminal local blood flow" and - 
also may play a significant role in the occlusion of vessels 
free from sclerosis. They postulate that alterations in 
the function of the sphincter apparatus may lead to 
ischemia as a result of *abnormal reflexes, autonomic 
nervous effects and stress." This reasoning appears even 
more acceptable if we add the observation of Berman 
et al.’’ that the sphincter was found at the beginning of 
the capillary net and was not present at the origin of 
each capillary. Thus, when a capillary gives rise to one 
or more branches, the precapillary sphincter is associ- 
ated with the "parent capillary" and controls flow 
through all its branches. We tend therefore to accept the 
view of Barath et al.?6 as a working hypothesis and 
postulate that abnormal constriction of the sphincters 
in some pathologic conditions may cause diminished 
flow and be the basis for some well defined or unclear 
ischemic events. 
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Anomalous origin cf the left coronary artery from the pulmonary artery 
is a rare and usually fatal congenital malformation. Most surgical attempts 
to correct this anomaly have been unsuccessful, particularly those in 
infants. Recently, four patients underwent reimplantation of an anomalous 
left coronary artery into the aorta; all four survived the operation and are 
asymptomatic. This technique of reimplantation of the aberrant vessel 
into the aorta appears to be preferable to other methods of repair, espe- 
cially since it can be applied in any patient with the anomaly regardless 
of age or size. Because of the poor prognosis for patients with anomalous 
left coronary artery, surgical intervention should be made as soon as the 
diagnosis is made. 


Of the many anomalies of the coronary arterial system, by far the most 
lethal is anomalous origin of the left coronary artery from the pulmonary 
artery. In a review of reported cases, Wesselhoeft et al.! found that 88 
percent of patients died within the first year of life. Survival beyond 
infancy depends upon the development of adequate collateral circulation 
from the right coronary artery to the left. Infants with collateral vessels 
have the so-called adult form and may survive infancy but usually show 
signs of myocardial ischemia later in childhood. Those without collateral 
vessels have the infantile type and usually die within the first few months 
of life. 

Surgical treatment of the infantile type has been notoriously unsuc- 
cessful although many successful operations for the adult type have been 
reported. Recently feur patients were operated upon successfully using 
a direct technique for repair that should be applicable in both types of 
this anomaly. 


Case Reports 


Case 1: A 3 year old boy was admitted to this hospital with a diagnosis of 
myocardial infarction and a possible coronary arterial anomaly. At age 3 months 
he had an episode of cyanosis, sweating and shortness of breath, and a diagnosis 
of myocardial infarction was made. Right heart catheterization performed at 
another hospital revealed a possible anomaly of the coronary circulation, but 
a more precise diagnosis could not be made. The patient recovered from the 
initial episode of myocardial infarction and remained well until 2 months before 
admission to our hospital, when he manifested dyspnea on effort accompanied 
by nausea, vomiting and chest pain radiating to the left arm. Electrocardiograms 
at that time revealed significant elevation of the S- T segment and he was referred 
to our hospital for further evaluation and treatment. 

Physical examination revealed a well developed acyanotic young boy whose 
only abnormality appeared to be a grade 2/6 systolic murmur heard along the 
left sternal border with no radiation. He had no signs of congestive heart failure. 
Laboratory data were nermal except for the electrocardiogram, which revealed 
normal sinus rhythm, left axis deviation and an old anteroapical infarction. 
Roentgenograms of the chest showed mild left ventricular dilatation. Cardiac 
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catheterization revealed left ventricular dyskinesia but normal 
left ventricular size. The right coronary artery was dominant 
but an anomalous left coronary artery arose from the pul- 
monary artery (Fig. 1, A and B). The right coronary artery 
filled the anomalous left artery through conal, septal and 
atrioventricular (A-V) nodal collateral branches, thereby 
producing a small left to right shunt (Fig. 1B). The left ven- 
tricular end-diastolic pressure was 18 mm Hg. 

The patient underwent reimplantation of the anomalous 
left coronary artery on July 29, 1975; normothermic ischemic 
arrest and cardiopulmonary bypass were utilized. The post- 
operative course was uncomplicated, and subsequent angio- 
graphic studies revealed the reimplanted left coronary artery 
to be widely patent and filling from the aorta in the normal 
manner (Fig. 1C). No evidence of collateral circulation or left 
to right shunt was found. The left ventriculogram and he- 





FIGURE 1. Case 1. Cineangiograms. A, injection of contrast 
material into the aortic root delineates only the right coronary 
artery. B, injection into the right coronary artery shows a large 
system of collateral vessels filling the left coronary artery, thus 
indicating that the anomaly is of the adult type. C, postoperative 
aortogram shows that the reimplanted left coronary artery is 
widely patent and fills from the aorta in the normal fashion. 


ur 
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modynamic data were normal and the left ventricular end- 
diastolic pressure was reduced to 8 mm Hg. One year later the 
patient was in excellent health; repeat electrocardiograms and 
roentgenograms of the chest were normal. 


Case 2: A 10 week old girl was admitted to this hospital with 
a diagnosis of cardiomegaly and recent anterolateral myo- 
cardial infarction. Her growth and development were normal 
until age 6 weeks, when shortness of breath, sweating, flac- 
cidity and ashen color developed. Evaluation at another 
hospital revealed an anterolateral myocardial infarction; 
during the 18 days of that hospital stay she had frequent 
premature ventricular contractions and a low cardiac output. 
She was transferred here for further evaluation and treat- 
ment. 

Physical examination revealed no abnormalities, but chest 
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FIGURE 2. Case 2. Cineangiograms. A, left ventriculogram reveals a large aneurysm and poor contractility of the left ventricle. B, injection of contrast 
. material into the aortic root fails to delineate a left coronary artery and reveals the presence of a nondominant right coronary artery, thus indicating 
that the anomaly is of the infantile type. 


.—. roentgenograms disclosed massive cardiomegaly. Cardiac 


catheterization and cineangiographic studies demonstrated 


bs . anomalous origin of the left coronary artery from the posterior 


aspect of the pulmonary artery and a large left ventricular 


J. aneurysm with poor contractility of the remainder of the left 


ventricle (Fig. 2A). The left coronary artery filled in retrograde 
fashion from the right coronary artery (Fig. 2B). 

. Reimplantation of the anomalous left coronary artery from 
the pulmonary artery to the ascending aorta was performed 
on April 28, 1976. Cardiopulmonary bypass and normothermic 


arrest were utilized. The left ventricle was diffusely atrophied 


and had a wall thickness of approximately 1 cm. An ellipse of 


. tissue was removed and the ventricle was plicated over Teflon® 
_ felt strips. No thrombi were present in the ventricular cavi- 


ty. 

The postoperative course was uneventful and cardiac 
output was greatly improved. Chest roentgenograms and 
electrocardiograms and echocardiograms obtained before 
hospital discharge revealed no residual abnormalities. The 
patient’s subsequent course has been entirely satisfactory. 


Case 3: A 2 month old boy was admitted to the hospital on 
October 26, 1971 for evaluation of rapid heart and respiratory 
rates and failure to thrive. Physical examination revealed that 
he was rather small for his age. Other findings were within 


normal limits with the exception of a grade 2/6 ejection mur- 
. mur heard at the left upper sternal border. Chest roentgeno- 
grams showed marked cardiac dilatation and enlargement of 
. the left atrium. The electrocardiogram was compatible with 


left ventricular infarction or cardiopathy. Cardiac catheter- 
ization studies demonstrated increased pulmonary arterial 
pressure (mean 25 mm Hg). The patient was subsequently 
discharged from the hospital receiving digoxin. 

The boy was again seen on August 16, 1973, when he was 


asymptomatic. Chest roentgenograms showed considerable 


enlargement of the heart, especially of the left atrium, left 
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ventricle and right ventricle. Repeat cardiac catheterization 
was recommended, but the patient’s parents refused and he 
was lost to follow-up study. On July 6, 1976, at age 5, the pa- 
tient was readmitted to the hospital. Although otherwise 
asymptomatic, he experienced dyspnea on effort. Chest 
roentgenograms showed cardiomegaly with normal vascula- 
ture. Repeat cardiac catheterization and cineangiographic 
studies revealed anomalous origin of the left coronary artery 
from the pulmonary artery. 

At operation on July 13, 1976, he underwent reimplantation 
of the anomalous left coronary artery into the aorta. The 
postoperative course was uneventful and on discharge the 
heart was reduced to normal size. 


Case 4: This 21 year old woman was entirely asymptomatic 
until July 21, 1976, when she experienced syncope while 
running. Upon arrival at another hospital she was found to 
have ventricular fibrillation that was electrically cardioverted 
to normal rhythm. She recovered without neurologic sequelae. 
Subsequently, 24 hour Holter monitoring revealed occasional 
premature ventricular contractions. A treadmill exercise test 
revealed ischemic changes although the patient was asymp- 
tomatic during this test. Cardiac catheterization studies 
showed an anomalous left coronary artery originating from 
the pulmonary artery. Some collateral vessels were noted 
between the right and anomalous left coronary arteries. An- 
terior apical dyskinesia was present and the left ventricular 
end-diastolic pressure was 18 mm Hg. The patient was then 
referred to our hospital for treatment. 

Physical examination revealed a well developed young 
woman whose only abnormality appeared to be a grade 1/6 
systolic murmur heard along the left sternal border. Routine 
laboratory data were normal. The electrocardiogram revealed 
nonspecific S-T and T wave changes. 

Reimplantation of the anomalous left coronary artery to 
the ascending aorta was performed on September 13, 1976 
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PA transected above valve 


í T2 ANOMALOUS 
FIGURE 3. Drawing showing the tech- ORIGIN OF RCA 


niques used to repair coronary anom- 
alies using temporary cardiopulmonary 
bypass. a, after routine cannulation of 
the venae cavae and ascending aorta 
and cross-clamping of the aorta, a 
transverse incision is made in the pul- 
monary artery (PA) just above the level 


tium of the anomalous left coronary 
artery the aortic clamp is released and 
bright red blood appears in the posterior 
sinus. b, the pulmonary artery is then 
completely transected preserving the 
ostium of the coronary artery. c, a 
segment or cuff of the pulmonary artery 
is removed with the coronary artery, 
which is mobilized and implanted into 
an elliptical opening in the adjacent 
aorta. d, e, the pulmonary artery is then 
reanastomosed completing the repair. 
f, g, h, a similar technique may be used 
to correct anomalous origin of the right 
coronary artery (RCA). A. and a. — ar- 
tery; cor. = coronary; L. = left; Rt. = 
right. 


with use of cardiopulmonary bypass and normothermic arrest. 
The postoperative course was uneventful and she was dis- 
charged from the hospital 10 days after operation. 


Surgical Technique 


A midline sternotomy was performed; after cannulation of 
the venae cavae and ascending aorta, cardiopulmonary bypass 
was initiated using a bubble oxygenator. The ascending aorta 
was cross-clamped and a sump suction inserted in the left 
atrium. The pulmonary artery was then opened transversely 
at a point just above the level of the pulmonary valve (Fig. 3a). 
The ostium of the anomalous left coronary artery was iden- 
tified by releasing the clamp on the aorta and observing the 
appearance of bright red blood in the posterior pulmonary 
valve sinus. The use of a fiberoptic headlamp and magnifying 


. ocular loupes considerably enhanced the identification and 


mobilization of the aberrant artery. The pulmonary artery was 
then completely transected (Fig. 3b). A segment of pulmonary 


artery surrounding the ostium of the anomalous vessel was 


removed and the coronary artery was mobilized from adjacent 








Rt. cor. a. removed from PA... 
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tissue by careful dissection. A plug of tissue from the aortic 
root was excised and the anomalous coronary artery was 
reimplanted into the aorta end-to-side with use of a 6-0 or 7-0 
monofilament continuous suture (Fig. 3, c and d). Upon 
completion of the aortocoronary anastomosis the pulmonary 
artery was reanastomosed using monofilament suture. 

The 2 1/2 month old infant (Case 2) had a ventricular an- 
eurysm and extensive excision and plication of the ventricle 
was required. The ventriculorrhaphy was performed using a 
continuous braided suture with reinforcing mattress sutures 
tied over felt strips with use of previously reported tech- 
niques.” 


Discussion 


Infantile versus adult type of anomaly: Anomalous 
origin of the left coronary artery from the pulmonary 
artery was first described in 1886 by Brooks.’ A recent 
review yielded slightly less than 200 reported cases.* 
The prognosis for patients with this anomaly is ex- 
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tremely poor. Gasul et al.? reported that only 15 to 20 
percent of patients survive the first few months of life. 
Augustson et al.? first used the classification of infantile 


. and adult types. In the infantile type there are no ade- 


quate collateral vessels permitting blood to flow from 
the right coronary artery to the anomalous left coronary 
artery; infants with this type soon experience angina 


pectoris, myocardial infarction and congestive heart 
- failure and usually die within the first few months of life. 
- Our Case 2 could be unequivocally classified as the in- 
~ fantile type. The symptoms in this patient began at age 
— 6 weeks when she had a documented myocardial in- 


farction resulting in a ventricular aneurysm. Case 3 may 
also have been of the infantile type but the patient in 
this case fortunately survived a critical illness during 


.. early infancy. 


In the adult type, intercoronary anastomoses develop 


- and the flow of oxygenated blood from the right coro- 
nary artery perfuses the area normally supplied by the 
- left coronary artery. In these patients a left to right 

- shunt develops from the left coronary artery to the 
_ pulmonary artery and unfortunately further reduces 
effectiveness of flow to the capillary bed. Patients with 
- the adult type are frequently asymptomatic in infancy 


and early childhood but usually experience symptoms 
of myocardial ischemia later in life. Two of our patients 
(Cases 1 and 4) had the adult type. Medical manage- 
ment of patients with either type of anomaly has rarely 


. proved satisfactory. 


Early surgical palliative and anastomotic pro- 


 cedures: The first surgical attempts to alleviate the 
symptoms caused by anomalous left coronary artery 


were almost uniformly unsuccessful. In 1955 Potts" 
performed an aorticopulmonary anastomosis in two 
patients with this anomaly; both died. In 1955 Paul and 


Robbins? reported another palliative technique, peri- 
. cardial poudrage and de-epicardialization; their results 


— were unsatisfactory. Banding of the pulmonary artery 
Me ME 9 tod: 
.. has also proved unsuccessful? The only palliative 
~ technique that achieved some success was ligation of the 
. anomalous artery.!? Some patients have survived this 
fe operation, but the technique has a major disadvantage 
_ because it converts the heart into a single coronary 
TABLE! 
" Aortic Implantation of Anomalous Coronary Artery 
Ba From Pulmonary Artery: Total Experience 
Age at 
í Operation Type of 
|... Year Reference (yr) Anomaly 
ae | 1972 Tingelstad et al.?' 12 ARCA 
|. 1974 Neches et al.* 5 1/2 ALCA 
1975 — Achtel et al.?? 10 ARCA 
1975 Our Case 1 3 ALCA 
1976 Our Case 2 2 1/2 mo ALCA 
1976 Our Case 3 5 ALCA 
1976 Our Case 4 21 ALCA 


ALCA = anomalous left coronary artery; ARCA = anomalous right 
coronary artery. 

All patients except the first were operated on with cardiopul- 
monary bypass. 
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system and survival is completely dependent upon the 
adequacy of collateral circulation from the right to the 
left coronary artery. In infants especially, these collat- 
eral vessels may be too small and too few. It is not sur- 
prising therefore that mortality rates as high as 55 
percent have been reported after ligation of the left 
coronary artery.!! Ligation of the left coronary artery 
in the sick infant is probably contraindicated, and 
medical management alone should be utilized. Even 
those few infants who survive the operation may con- 
tinue to show signs of myocardial ischemia. 

Clearly, the ideal method of correcting this anomaly 
would be to reestablish a two coronary system. Several 
techniques have been reported!?-!4 in which the 
anomalous coronary artery is ligated at its source in the 
pulmonary artery and then an anastomosis to a systemic 
artery is effected at a point just distal to the ligation. 
Mustard!* was the first to apply this technique in a 
procedure using the left common carotid artery; al- 
though he was unsuccessful in this attempt, others re- 
ported fair results using the left subclavian artery for 
the anastomosis.!?.!4 

Aortocoronary vein bypass: In 1961 we reported 
the technique of aortocoronary bypass utilizing a fabric 
or saphenous vein bypass for correction of anomalous 
origin of the coronary artery. Subsequently, in 1975, we 
reviewed our consecutive series of 10 patients and found 
a graft patency rate of 70 percent in a follow-up period 
ranging from 1 to 8 years.!?-!? Venugopal and Subra- 
manian!? reported successful use of a homograft sa- 
phenous vein bypass in a 17 month old patient. Because 
of the small caliber of the saphenous vein in infants the 
bypass procedure is unsatisfactory. The limitations 
imposed by coronary artery bypass with vein grafts in 
infants include possible difficulty in performing the 
arterial anastomosis and inability of the grafts to enlarge 
as the child grows. Moreover, subsequent development 
of graft obstruction by fibrous intimal hyperplasia may 
lead to late fatality. Anthony et al.?? described a 9 year 
old patient who died when the autograft vein bypass 
occluded 10 months after operation; autopsy revealed 
extensive intimal hyperplasia of the graft. 

Reimplantation of anomalous coronary artery: 
The technique of reimplantation of an anomalous cor- 
onary artery was first reported by Tingelstad et al.?! in 
1972 (Table I). They used a method similar to our own 
for correction of an anomalous right coronary artery 
(Fig. 3, f to h); other surgeons*?? have reported similar 
operations (Table I). The application of this approach 
to an anomalous left coronary artery is slightly more 
complicated because the aberrant vessel characteristi- 
cally arises from the posterior aspect of the pulmonary 
artery. We have described several maneuvers that fa- 
cilitate performance of this operation including tran- 
section of the pulmonary artery to visualize more 
completely the ostium of the anomalous vessel. Removal 
of a small cuff of pulmonary artery surrounding the 
coronary ostium greatly enhances anastomosis to the 
aorta. Although care must be taken to avoid kinking of 
the left coronary artery, we have had no difficulty in 
obtaining an adequate length for anastomosis to the 





1 


CE 


aorta after a limited mobilization of the anomalous 
vessel.?? 

This operation appears to be the ideal method of 
treating patients with anomalous origin of the left cor- 
onary artery, especially those with the infantile type of 
malformation. With the use of cardiopulmonary bypass, 
adequate fiberoptic illumination, microsurgical suture 
material, proper magnification and recently developed 
neonatal vascular clamps, reimplantation of the coro- 
nary arteries should be technically feasible in even the 
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smallest infant.2*:24 We have discontinued the use of 
saphenous vein bypass with coronary ligation previously 
described by us and the pedicle systemic arterial bypass 
grafts used by others. We now recommend the tech- 
nique herein described of definitive repair for both in- 
fantile and adult types of the anomaly regardless of 
patient age or size. Furthermore, we believe that surgical 
intervention is indicated as soon as the diagnosis of 
anomalous origin of the left coronary artery from the 
pulmonary artery is established. 
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Coronary Bypass Surgery 


ARTHUR SELZER, MD, FACC 
KEITH COHN, MD, FACC 


San Francisco, California 


-~ Aortocoronary bypass now is the most frequently per- 


formed open heart operation. It is currently being rec- 


ommended for two purposes: as a remedial procedure, 


aimed at the relief of disabling symptoms, and as pro- 
phylactic therapy, designed to prevent myocardial in- 
farction and death. The successes of the operation and 
the reduction in operative mortality to a low level have 


_ gradually shifted the emphasis in some centers from 
— remedial to prophylactic surgery. Some of the enthu- 
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_siastic surgeons take it for granted that the operation 


is as effective when employed prophylactically as it is 
for the relief of symptoms and use superb salesmanship 
to disseminate their view. The principal point often 
made is that only the anatomic changes in the coronary 
artery matter; whether or not the patient is symptom- 


. atic is irrelevant. As a consequence, coronary arteriog- 


raphy is being performed in many centers not as a well 
considered procedure in response to specific indications 


but as a broad means of case finding. Thus, arterio- 


graphic studies are being performed in anyone with a 
twinge of pain above the umbilicus and even in totally 
asymptomatic patients because they have some elec- 


_ trocardiographic abnormality, show S-T segment 


changes of one variety or another on a stress test, have 
coronary risk factors or a bad family history or had an 


-= uncomplicated myocardial infarction in the past. When 
= obstructive lesions are found, many asymptomatic pa- 


tients undergo aortocoronary bypass surgery. 
Evaluation of any type of therapy, medical or surgical, 


. requires an assessment of both sides of the therapeutic 


“ledger,” its debits and credits; and this assessment in 
turn requires a reasonable knowledge of the natural 
history of a given disease. Thus, it is of considerable 
importance to review the present knowledge concerning 
the natural history of ischemic heart disease, with spe- 


cial reference to the asymptomatic patient. 


Natural History of Coronary Artery Disease 


Various methods have been used to evaluate the 
prognosis and natural history of ischemic heart disease. 


—. Some studies dealt with life expectancy of patients who 


at a given time showed clinical evidence of coronary 
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disease, usually the onset of angina pectoris or myo- 
cardial infarction. Using as a yardstick 5 year survival 
rates, collected series!-? showed findings ranging from 
10 to 65 percent or, to translate this range into annual 
mortality rates, from 2 to 13 percent. More recent 
studies dealt mostly with survival of patients according 
to the extent of coronary arterial involvement as de- 
termined by coronary arteriography. Reeves et al.® 
collected data in 1973 indicating an annual mortality 
rate of 2.2 percent for patients with one vessel coronary 
artery disease, 6.8 percent for those with two vessel 
disease and 11.4 percent for those with three vessel 
disease. Three additional studies’? have been reported 
yielding an annual mortality rate in the combined series 
of 2.6 percent for patients with one vessel disease, 7.1 
percent for those with two vessel disease and 10.4 per- 
cent for those with three vessel disease. The clinically 
collected studies show great variability, whereas those 
derived from coronary angiography show a remarkable 
consistency. It is apparent that in many series cases 
consist of a combination of various subsets with widely 
diverging prognoses. It is therefore probably no coin- 
cidence that the two clinically designed series with the 
most favorable mortality data dealt with large popula- 
tion sets (that of Frank et al.,? showing an annual mor- 
tality rate of 1.6 percent for the “low risk group" studied 
at the Health Insurance Plan of New York City, and 
that of Zuckel et al.? showing a 2 percent annual mor- 
tality rate in the U.S. Army) whereas other series col- 
lected from clinical and hospital populations involved 
considerably greater preselection. Similarly, one can 
assume that the arteriographic series just discussed 
represented a highly selected population. 

Regardless of the mode of collection of the population 
studied, it is evident that each series contains at one end 
of the spectrum patients with anginal pain as the only 
detectable abnormality and at the other end those with 
heart failure, cardiomegaly, extensive myocardial 
damage or grossly abnormal electrocardiograms who 
also suffer from anginal pain; patients with various in- 
termediate forms are found between these extremes. 
'The composition of the mixture, then, determines the 
prognosis. It is also obvious that one patient population 
is unrepresented in all of the series, the asymptomatic 
patient. In clinical studies symptoms were the basis for 
inclusion; the arteriographic studies dealing with the 
actuarial curves of survival were all collected before 
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1970. Because asymptomatic patients have been in- 
cluded among those undergoing coronary arteriography 
for only 3 or 4 years, one can reasonably assume that 
none or a very small minority of the patients without 
cardiac symptoms were represented in the arterio- 
graphic series. 

One can develop a thesis that arteriographic studies 
were weighted toward the unfavorable case and prob- 
ably do not represent the average mortality for the en- 
tire population of symptomatic patients. The two 
clinical series presenting a more favorable annual sur- 
vival rate may well present data closer to the average 
yearly mortality data for the symptomatic patient. No 
information at all is available regarding the prognosis 
of the asymptomatic patient who has arteriographi- 
cally demonstrable coronary artery disease. 


Are Symptoms Unimportant? 


In evaluating the natural history of coronary artery 
disease it is important to examine the view expressed 
in some quarters that symptoms do not matter and that 
only anatomic changes in the coronary arteries are im- 
portant. 

To address this problem it is necessary to review what 
is really known about serious life-threatening coronary 

. artery disease without cardiac symptoms. We know that 
sudden death occurs in subjects who are apparently in 
good health and are presumed to be asymptomatic. We 
know that acute myocardial infarction may be painless, 
and it is presumed that in such subjects the warning 
angina may be missing. And we know that stress testing 
may uncover electrocardiographic evidence of ischemia 
in asymptomatic patients. In trying to explain the dis- 
crepancy between serious indexes of coronary artery 
disease and the lack of symptoms one can suggest three 
possibilities: (1) myocardial ischemia in some subjects 
fails to invoke the warning pain; (2) pain is present but 
is ignored or misinterpreted by the patient or physician; 
and (3) the myocardium in these patients is not isch- 
emic. 

There is little doubt that each of these three possi- 
bilities applies to some patients, but perhaps the most 
important point to be made is that for a variety of rea- 
sons severe coronary artery disease demonstrated on 
arteriography may be present without producing 
myocardial ischemia. First, arteriographic estimates 
of the severity of coronary obstructive lesions are very 
crude— gross errors in either direction are common; 
furthermore, the length, eccentricity, irregularity and 
number of coronary lesions, in series or parallel, are of 
immeasurable and highly unpredictable import. Second, 
collateral vessels often supply a totally occluded or se- 
verely stenotic coronary artery, meeting most myocar- 
dial demands. Third, electrocardiographic evidence of 
ischemia has many limitations (for example, S-T seg- 
ment changes during stress testing may represent a false 
positive response or may be misinterpreted). Thus, al- 
though the absence of symptoms in patients with cor- 
onary disease is not a guarantee of benign prognosis, an 
asymptomatic clinical state may reflect a myocardium 
that seldom if ever becomes ischemic. 
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Risk Versus Benefit of Coronary Bypass 
Operations 


Risks: If one expresses this therapeutic ratio in terms - 
of a ledger, the totality of risks belong on its debit side. 1 
First, the operative mortality rate is usually quoted at - 
1 to 2 percent. However, this figure is not realistic if one — 
considers that the published data from one of the best - P 
known large volume surgical units!” indicate a 6.9 per- 
cent mortality rate; furthermore, this rate is probably — 
still higher in community hospitals across the country | 
with small case loads, and a large proportion of coronary 
bypass operations are being performed i in these small . 
hospitals. Certainly, case series are seldom reported — 
unless favorable, so that the less successful operative — 
results go unreported. Second, the risk includes a 10 to | 
15 percent probability of sustaining an intraoperative - 
transmural myocardial infarction (which the operation — 
is expected to prevent) with an additional 5 to 15 per- — : 
cent incidence rate of electrocardiographic appearance _ 
of intraventricular conduction defects. Third, there is 
a 10 to 15 percent probability of graft closure, further — 
nullifying the ‘ ‘protection” the operation is expected to 4 
offer. Fourth, it is known that obstructive lesions in — 
bypassed vessels progress at an accelerated rate. All of 
these risks are based on independent observations i in- LU 
volving several institutions. 

Benefits: On the credit side of the ledger is symp- 
tomatic improvement of patients with disabling angina. 
This is the principal yield and the only definitively es- - ^3 
tablished benefit of aortocoronary bypass sürgore id i 
Preliminary reports of the randomized studies of y 
medical versus surgical therapy for symptomatic pa- - 
tients provide no evidence that mortality from coronary - ~ 
disease is reduced by the operation except in the small — 
group of patients with severe lesions of the main left 
coronary trunk. Claims that mortality curves of surgi- _ 
cally treated patients are much better than those from _ 
nonsimultaneously collected medically treated groups _ 
with comparable coronary lesions have little validity 
because, as explained, the patient populations differ i in : 
several ways. 2d] 

Thus, the"accounting" shows a small but well defined > 
debit (risk) on one side of the ledger against a credit 
(benefit) for the disabled patient but no proved benefit . 
for the prophylactic aspects of the operation. E 


T- 
" 


e. 
Me 















Fallacies Concerning the Progression of 
- Coronary Disease 


Reliance upon the arteriographic demonstration o£ : E. 
obstructive lesions in the coronary arteries encourages S 
the impression of the inevitability of progressive coro- — 
nary changes. It is assumed that a 60 percent obstructive — 
lesion will with time become an 80 percent obstructive 
lesion and then will occlude the artery producing myo- S 
cardial infarction. This assumption serves as the basis J 
for prophylactic coronary surgery in asymptomatic - fe: 
patients. The simplistic approach of a steady-rate an- . 
atomic progression of coronary lesions overlooks many E 
modifiers of the course of coronary artery disease. First, ' 
the role of collateral circulation has been unjustly 4 
downplayed, as aptly argued by McGregor.!! In some- E 
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patients a long-term “balance” may be established be- 


tween obstruction and collateralization. This is best 
illustrated by complete occlusion of a major branch, 
which may or may not have led to myocardial infarction 
but which is consistent not only with absence of symp- 
toms but also with absence of any indexes of ischemia. 


29 


Second, most studies dealing with serial coronary ar- 


_ teriograms show a slow rate of progression of disease. 


Third, pathologists have recognized for a long time what 
they consider to be “burned out” atherosclerotic 


_ plaques, and these must be distinguished from the more 


lipid-rich, “active” plaques,!? a point that cannot be 
perceived from a single arteriographic study. Thus, 


- certain arteriographically demonstrated lesions are 


altogether nonprogressive. 
_ On the other hand, myocardial infarction and sudden 
death, the two disasters against which prophylactic 


operations are aimed, are not necessarily caused by 


progression of a critical lesion. Other mechanisms in- 
clude thrombosis, in situ or embolic, rupture of an 
atherosclerotic plaque and subintimal hemorrhage— 


each mechanism not limited to severely obstructed 


- coronary arteries but occurring at sites of lesser lesions 
_as well. Thus, myocardial infarction or death (or both) 


d occurs in a highly unpredictable fashion. 


Role of Coronary Arteriography 
_ Coronary arteriography is an essential step in the 


- chain of events leading to bypass operations. Its risk is 
. small but not neligible. The average mortality rate is 


- 0.45 percent! with higher figures quoted in laboratories 
- with low case loads. Complications such as stroke and 


. myocardial infarction represent additional hazards. Yet, 


y 


as stated, coronary arteriography is widely used in some 


. centers as a case-finding procedure for asymptomatic 


. patients. The benefit of the study— demonstration of 
. anatomic lesions in the coronary arteries—is a mixed 
_ blessing, indeed. The reassurance of the failure to find 
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- a significant lesion in the coronary arteries is indubi- 


1. Bloch WJ Jr, Crumpacker EL, Dry TJ, et al: Prognosis of angina 
pectoris. Observations in 6,883 cases. JAMA 150:259-264, 
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1956 
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. Kannel WB, Feinleib M: Natural history of angina pectoris in the 
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tably valuable. However, the demonstration of ob- 
structive coronary artery disease in asymptomatic pa- 
tients may present the cardiologist with a difficult 
problem: The emotional impact of the “silent” coronary 
lesion leads to a great temptation to recommend bypass 
surgery regardless of the current scientific evidence yet 
failing to support its wisdom. This may be especially 
true when his medical or surgical colleagues subscribe 
to the simplistic view that obstructing lesions auto- 
matically call for bypass, regardless of the circum- 
stances. The staggering cost to our society of overuse of 
diagnostic and surgical cardiac facilities must also not 
be overlooked.!° 


Summary and Conclusions 


The actuarial survival curves of “medically treated” 
patients whose arteriographic studies demonstrated 
coronary arterial lesions of various degrees—now used 
widely as a reference point for the natural history of 
coronary artery disease—are not applicable to the 
asymptomatic patient. No information is available re- 
garding the course or prognosis of the asymptomatic 
patient with demonstrated lesions in the coronary ar- 
teries. For the reasons explained one can propose a hy- 
pothesis that the overall prognosis of this type of patient 
is better than average, probably better than that shown 
in the best data collected on symptomatic patients. 

The prophylactic value of aortocoronary bypass op- 
erations in preventing myocardial infarction and death 
has not been established. One can therefore question the 
justification for the wide case-finding effort of 
subjecting asymptomatic persons to coronary arteri- 
ography, even in light of the low risk of this procedure, 
unless unusual findings suggest an especially poor 
prognosis (one example might be past myocardial in- 
farction in a very young patient). Although there are 
exceptional instances when prophylactic surgery is in- 
dicated for asymptomatic patients, further investigation 
of this subject is needed before the procedure becomes 
generally accepted. 
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nephrotic syndrome. Corticosteroid and estrogen-induced edema, idiopathic edema 
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Contraindications: Further use in progressive renal or hepatic dysfunction; hyperkalemia. Pre- 
existing elevated serum potassium. Hypersensitivity to either component or other sulfonamide- 
derived drugs. Routine use of diuretics in otherwise healthy pregnancy 


Warnings: Do not use potassium supplements, dietary or otherwise, unless hypokalemia 
develops or dietary intake of potassium is markedly impaired. if supplementary potassium is 
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with cardiac irregularities. It is more likely in severely ill patients with urine volume less than one 
liter /day. the elderly cr diabetics, with suspected or confirmed renal insufficiency. Periodic 
determinations of serum K+ should be made. If hyperkalemia develops, substitute a thiazide 
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cross the placental barrier and appear in breast milk; fetal or neonatal hyperbilirubinemia 
thrombocytopenia, altered carbohydrate metabolism and other adverse reactions that have 
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Is not available 
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vomiting excessively or receiving parenteral fluids). Periodic BUN or serum creatinine 
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retention and elevated serum K+. Two deaths have been reported with such concomitant 
therapy (in one, recommended dosage was exceeded, in the other serum electrolytes were not 
properly monitored). Observe regularly for possible blood dyscrasias, liver damage, other 
idiosyncratic reactions. Blood dyscrasias have been reported in patients receiving Dyrenium" 
(tramterene, SK&F Co.), and leukopenia, thrombocytopenia, agranulocytosis, and aplastic 
anemia have been repurted with thiazides. Do periodic blood studies in cirrhotics to check for 
nondrug-related variations in blood pictures, and in patients with folic acid depletion, since 
Dyrenium' may contribute to appearance of megaloblastosis. Antihypertensive effect may be 
enhanced in post-sympathectomy patients. Use cautiously in surgical patients. The following may 
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Adverse Reactions: Muscle cramps, weakness, dizziness, headache, dry mouth; anaphylaxis, 
rash, urticaria, photosensitivity, purpura, other dermatological conditions; nausea and vomiting, 
diarrhea, constipation, other gastrointestinal disturbances Necrotizing vasculitis, paresthesias, 
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"Due to your steady progress and 
recovery, we are sorry to tell you that 
we can no longer monitor you on our 


hard-wire system" 


It would be funny if it weren't true. 
With a hard-wire monitoring system, 
patient mobility is limited by wire 
length and that means ambulatory pa- 
tients are disconnected ... most of 
your cardiac patients are not 
monitored at all! 


Now, with LSE Telemetry, all your 
patients can be "continuously" moni- 


tored from emergency arrival, through 


OR, recovery room, ICU, CCU and 
even when fully ambulatory. 
The patient's heart func- š 
tions are picked up by two 
electrodes and transmitted 
to the monitor. LSE offers 
the smallest, lightest pa- 
tient transmitter in the 
industry. The 4-patient 
monitors are easily posi- 
tioned or moved, and plug 


into any convenient outlet. The elec- 


trical work, installation cost and 
disruption associated with conven- 
tional hard-wired systems have been 
greatly reduced. 


Each patient’s ECG signal displays 
and controls are arranged in a hori- 
zontal line and can be seen ata 


glance. The system is fully automatic. 


When a patient's heart rate exceeds 
preset limits, an audible and visible 

alarm alerts the nurse and starts the 
ECG recorder. An internal recorder 
memory stores up to 17 seconds of 

pre-alarm data for analysis. The 





bright, flicker-free, real-time, 4-chan- 


nel ECG display with fifth position 
for “freeze” of any channel, can be 
“cascaded” for up to 34 seconds of 
real-time data. The system has an 
effective range of 1000 feet with a 
simple antenna. An audible and 








visible alarm is activated if a patient 
exceeds range, or if a transmitter 
battery is low, if an electrode lead is 
loose or even if there is excessive 
interference. Up to 24 patients can be 
"continuously" monitored from one 
central station. Portable, single-pa- 
tient monitors and remote recorder 
can accompany a patient anywhere. 


Once you decide on "continuous" 
telemetry monitoring, selecting LSE 
is the simple part. Be convinced. 


Send for our brochure, 
or for immediate 
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HYPERSTAT® I.V. (brand of diazoxide, USP) 
Injection 


FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


INDICATIONS For the emergency reduction of blood pressure in malignant 
hypertension in hospitalized patients, when prompt and urgent decrease of 
diastolic pressure is required. Treatment with orally effective antihypertensive 
agents should be instituted as soon as the hypertensive emergency is controlled. 
HYPERSTAT I.V. Injection is ineffective against hypertension due to pheo- 
chromocytoma. 


CONTRAINDICATIONS It should not be used in the treatment of compensatory 
hypertension, such as that associated with aortic coarctation or arteriovenous 
shunt, nor in patients hypersensitive to diazoxide or other thiazides, unless the 
potential benefits outweigh the possible risks. 


WARNINGS Safety in pregnancy and in children has not yet been established. 
Information is not available concerning the passage of HYPERSTAT in breast 
milk, However, it is known that diazoxide crosses the placental barrier and 
appears in cord blood. Like other thiazides, the drug ma produce fetal or neo- 
natal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, 
and possibly other adverse reactions that have occurred in adults. Hypotension 
may occasionally result. If severe enough to require therapy, it will usually 
respond to the administration of sympathomimetic agents, such as norepine- 
phrine, Hyperglycemia occurs in the majority of patients, but usually requires 
treatment only in patients with diabetes mellitus; it will respond'to the usual 
management, including insulin, Therefore, blood glucose levels should be moni- 
tored, especially in patients with diabetes or in those requiring multiple injec- 
tions of diazoxide. Hyperglycemia and hyperosmolar coma associated with 
transient cataracts developed in one infant receiving repeated daily doses of 
oral diazoxide. The disturbed carbohydrate metabolism was successfully treated 
with insulin. Cataracts have been observed in a few animals receiving repeated 
daily doses of intravenous or oral diazoxide. Since diazoxide causes sodium re- 
tention, repeated injections may precipitate edema and congestive heart failure. 
This retention responds characteristically to diuretic agents if adequate renal 
function exists, Concurrently administered thiazides may potentiate the anti- 
hypertensive, hyperglycemic, and hyperuricemic actions of diazoxide (See Drug 
Interactions). Since increased volume of extracellular fluid may be a cause of 
treatment failure in nonresponsive patients, it may be advisable to reduce this 
increased volume by means of a diuretic agent. Although no evidence of exces- 
sive anticoagulant effects has been reported, patients, especially those who are 
hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its de- 
rivatives, may require reduction in dosage of the anticoagulant (See Drug 
Interactions), 


PRECAUTIONS HYPERSTAT (diazoxide) I.V. Injection is a potent antihyperten- 
sive agent requiring close monitoring of the patient's blood pressure at fre- 
quent intervals. Its administration may occasionally cause hypotension requiring 
treatment with sympathomimetic drugs. Therefore, adequate facilities to treat 
such untoward reactions should be available. It should be administered only into 
a peripheral vein. Because the alkalinity of the solution is irritating to tissue. 
extravascular injection or leakage should be avoided; subcutaneous administra- 
tion has produced inflammation and pain without subsequent necrosis. If leak- 
age into subcutaneous tissue occurs, the area should be treated conservatively. 
Maximal antihypertensive effects occur after rapid administration (within 30 
seconds) into the vein; a slower injection may fail to reduce blood pressure or 
produce a very brief response. As with any potent antihypertensive agent, 
HYPERSTAT |.V. Injection should be used with care in patients who have im- 
paired cerebral or cardiac circulation, that is, patients in whom abrupt and 
brief reductions in blood pressure might be detrimental. Special attention is 
required for patients with diabetes mellitus and those in whom retention of salt 
and water may present serious problems (See Warnings). Nondiabetic patients 
may have a transient, reversible, and clinically insignificant increase in blood 
glucose following HYPERSTAT I.V. Injection. Since peritoneal dialysis or hemo- 
dialysis can reduce levels of diazoxide in the blood, patients undergoing dialysis 
may require more than one injection. 


ADVERSE REACTIONS 


Frequent and serious adverse reactions: Sodium and water retention 
after repeated injections, especially important in patients with impaired cardiac 
reserve; hyperglycemia frequently requiring treatment in diabetic patients, 
especially after repeated injections. 

Infrequent but serious adverse reactions: Hypotension to shock levels; 
myocardial ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electro- 
cardiographic changes; cerebral ischemia, usually transient but possibly leading 
to thrombosis and manifested by unconsciousness, convulsions, paralysis, con- 
fusion or focal neurological deficit, such as numbness of the hands; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, 
such as rash, leukopenia, and fever. Rarely, acute pancreatitis has been reported. 
Papilledema, induced by plasma volume expansion secondary to the administra- 
tion of diazoxide, was reported in one patient who had received eleven injec- 
tions over a twenty-two day period. 

Other adverse reactions: Vasodilative phenomena, such as orthostatic 
hypotension, sweating, flushing, and generalized or localized sensations of 
warmth; supraventricular tachycardia and palpitation; bradycardia; various 
transient neurological findings secondary to alterations in regional blood flow 
to the brain, such as headache (sometimes throbbing), dizziness, lightheaded- 
ness, sleepiness (also reported as lethargy, somnolence or drowsiness), euphoria 
or "funny feeling’, ringing in the ears and momentary hearing loss, and weak- 
ness of short duration; chest discomfort or nonanginal ‘‘tightness in the chest''; 
transient hyperglycemia in nondiabetic patients; transient retention of nitro- 
genous wastes; and various respiratory and gastrointestinal findings, secondary 
to the relaxation of smooth muscle, such as dyspnea, cough and choking sensa- 
tion; nausea and vomiting and/or abdominal discomfort, anorexia, alteration in 
taste, parotid swelling, salivation, dry mouth, lacrimation, ileus, constipation 
and diarrhea. Also, warmth or pain along the injected vein; cellulitus without 
Sloughing and/or phlebitis at the site of extravasation; back pain; and increased 
nocturia. Apprehension or anxiety, malaise and blurred vision occurred on single 
occasions. 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may 
displace other substances or drugs which are also bound to protein, such as 
bilirubin or coumarin and its derivatives, These potential interactions must be 
considered when administering HYPERSTAT |.V. Injection. The concomitant ad- 
ministration of diazoxide with thiazides or other commonly used potent diu- 
retics may potentiate the hyperglycemic, hyperuricemic, and antihypertensive 
effects of diazoxide, 


OVERDOSAGE  Overdosage may cause an undesirable hypotension. Usually, this 
can be controlled with sympathomimetic agents, such as norepinephrine; failure 
of the blood pressure to rise in response to such an agent suggests that the 
hypotension may have been caused by something other than diazoxide. Exces- 
sive hyperglycemia resulting from overdosage will respond to conventional 
therapy of TYPE CE SCENE. Diazoxide may be removed from the blood by peri- 
r modi IS, 
toneal dialysis or hemodialysis SWW-4940R1 
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“The injection of the [diazoxide] bolus in 10 to 15 seconds results 
in a prompt blood pressure fall in a high percentage of cases. A maximal 


at IV 


INJECTION 


20 ml ampule 
contains 300 mg 


blood pressure response usually occurs within 5 to 10 minutes:"* 


1j Rapid reduction to normotensive levels 

Induces rapid reduction of blood pressure generally 
within 5 minutes. ..often in 1 or 2 minutes to the lowest 
level achieved. Blood pressure response facilitated by 
appropriate diuretic therapy. 


O Prolonged activity 

A single injection of HYPERSTAT I.V. generally maintains 
blood pressure below pretreatment levels for periods 
up to 12 hours. 


O Protective action —helps avert target 
organ damage 

Cardiac output increases as diastolic pressure is 
reduced. Coronary and cerebral blood flow maintained. 
Increased renal blood flow after transient decrease. 


Administration guidelines 





4 Fill dry syringe with appropriate dose 2 Hospitalized patient should be 
» recumbent. Insert needle only into 
a peripheral vein. 


» Of HYPERSTAT I.V. Injection (20 ml 
ampule contains 300 mg diazoxide). 





© Uncomplicated procedure 

Simple l.V. "push" in a peripheral vein in 30 seconds or 
less. Close monitoring at frequent intervals is necessary 
until blood pressure is stabilized (generally 15-30 minutes). 
Thereafter, hourly measurement should be taken during 
the balance of effect. 


rj Convenient...no preparation 


HYPERSTAT !.V. supplied as a 20 ml ampule containing 
300 mg diazoxide in ready to use solution. 


*Marvin Moser. M.D.. Assistant Professor of Clinical Medicine, Albert 
Einstein College of Medicine, and Chief of Cardiology, White Plains 
Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 
accelerated hypertension. Am Heart J 87(6): 791-795, June 1974 





3 Inject entire dose |.V. in 30 seconds or 
» less. Remove needle carefully— 
avoid extravasation. 





4 Keep patient recumbent for at least half 
. an hour after injection; monitor BP 
closely until stabilized — usually 15-30 
minutes. 


surveillance. 


Copyright €) 1975, 
Schering Corporation. 
All rights reserved. 


If patient is to be ambulatory, measure 
» BP in standing position before ending 


6 HYPERSTAT I.V. Injection should be 
» continued until a regimen of oral 
antihypertensive medication becomes 
effective (generally within a few days). 


Before prescribing HYPERSTAT I.V. Injection, please consult complete product information, 
a summary of which appears on the facing page. 
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You're looking at the only cardiac output And if you want the thermal curves in 
computer that offers both automatic body/injectate ^ writing, our new Model 9810 battery-powered and 
temperature sensing and visual status inkless recorder, which fits neatly under the 
reporting (VSR). computer's case, is plug-in connectable. 

Automatic sensing improves efficiency At Edwards Laboratories, we believe the 
through eliminating manual temperature taking. computer should put its conditions in writing. But 

VSR keeps you informed of the computer's obviously, the patient's condition should always 
functions by displaying the status of the computer. remain the major concern. 

For example, it lets you know if the com- For our new fact-filled brochure, please 
puter circuit is functioning properly; or it indicates phone or write: Edwards Laboratories, Division of 
if there's a problem in the computer or thermistor American Hospital Supply Corp., 17221 Red Hill 
circuitry. Avenue, P.O. Box 11150, Santa Ana, CA 92711, 

It also alerts vou when it's ready to calcu- 714/557-8910. 
late, if batterv recharging is needed, and gives vou 
results ofthe self-test cycle. SWAN-GANZ? is aregistered trademark, Edwards Laboratories 

A third generation instrument, our Model 
9520 is simple to use, fully portable, and operates C] EDWARDS 
with iced or room temperature injectate. Further- C] LABORATORIES 
more, it's directly compatible with our new "m 


SWAN-GANZ® Thermodilution Catheter. Division of American Hospital Supply Corporation 
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Real time linear array scan. 


There's only one real time scanner 
that shows you the whole heart in 

a large field rectangular representa- 
tion. That's the ECHOCardioy|SOR. 
You need a large field rectangular 
image to be able to make a direct 
comparison of the relative size of 
the cardiac structures and chambers. 
All other systems (phased array and 
mechanical scanner) produce a 





. sector image, a wedge-shaped picture that gives you 


only a partial view of the heart. 


Linear array displays an entire cardiac cross sec- 
tion. Immediately, the heart appears as it really is— 


a complex moving system. Thus, you begin your 
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Real time 60° sector scan. 


investigation with a complete overall view. Seeing at 
once the whole, you can better employ our Accordian 
Gain Control, Dual Simultaneous M-mode, Single or 
double beam selection, and Video processing for a 
detailed study and measurement of structures. Isn't 
that what real time scanning is all about? 

Why aren't all scanners linear array scanners? 
Simple! Ours was the first patented system on the 
market. There are over a hundred users of the 
ECHO¢ardioviSOR world wide. Join them and take a 
wholehearted look at real time echocardiography. 
Write or phone us collect and we'll tell you how. 
Metrix Teknika, 

876 Ventura Street, Aurora, Colorado 80011. 
Telephone 303/343-8330. 
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Alphanumeric display 
of patient and pump status 
utilizing two micro-computers. 










Slide controls 


INTRA-AORTIC BALLOON PUMP JE 
e for proper timing. 
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Three-color 
wave form scope 
simplifies monitoring 
with increased 
information. 
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Optional stripchart records 
arterial pressure, ECG or 
continuous on-line cardiac output. 


Thenew . 
AVCO intra-aortic 
balloon pump... 


sophisticated simplicity 


with the exclusive AVCOTHANE® Tri-Segment’™ Balloon, the most 
widely used in the world, (over 11,000 cases). Advanced technology simpli- 
fies the use of IABP counter-pulsation—a major advance in cardiac instru- 
mentation.Redundant safety features provide for quiet trouble-free operation 
—with minimum attention and greater patient safety. 

Your request for demonstrations in clinical or experimental setting, are 
sincerely encouraged. 


DISTRIBUTED AND SERVICED BY ROCHE MEDICAL ELECTRONICS INC. 
SUBSIDIARY OF HOFFMAN-LAROCHE INC., CRANBURY, NJ 08512 (609) 448-1200 


IN EUROPE: KONTRON INTERNATIONAL, BERNERSTR,-SUD 169, 8048 ZURICH, SWITZERLAND 1-62 92 62 








= For Critical Care... 





Use Infrasonde”® for accurate 
blood pressure 


The Infrasonde? Electronic Blood Pressure Monitor 
(Model 3000) for critically ill patients of all ages 
and conditions. This specially designed indirect 
blood pressure monitor works well on the pre- 
mature neonate and the very obese adult. 

The unique infrasonic pulse detection system 
utilized on the Infrasonde is so sensitive that 
determinations can often be made when no periph- 
eral pulse is detectable by either palpation or 
auscultation. Infrasonde detects arterial wall flutter 
at sub-audible frequencies. The signal is converted 
to an AM-FM modulated audio tone for easy 
systolic and diastolic determinations. Automatic 
gain control provides a more accurate diastolic 
reading. 

Infrasonde's improved transducer is more rugged 
and less expensive than those on ultrasonic devices. 
Although tbarei cally the monitor may be affected 
by interference from some electro-surgical devices, 
the company has received no reports of such in- 
terferences. And, unlike Qu Mitradcitic devices, 





4 different cuff 


With a wide A unique dual 
sizes, for range of cuffs differential 
neonate to available, transducer 
pediatric. blood uses two 
Suitable also ressures can piezoelectric 
for use with the e obtained on transducers 


connected in 
opposition to 


small pre- 


the thigh, calf 
mature infant. 


or forearm as 


well as the minimize the 

upper arm. effect of 
mechanical 
vibrations. 


For complete information call or write your 
local distributor or contact us direct at: 


—7"| Marion Scientific Corporation 
a Marion Laboratories Company 
IVI 9233 Ward Parkway 
Kansas City, Missouri 64114 
—* Phone (816) 361-6222 





THE 
PRACTITIONERS’ 
DERMATOLOGY 


By Richard L. Sutton, Jr., M.D. and 
Morris Waisman, M.D. 


THE PRACTITIONERS’ DERMATOLOGY is 
written especially for the busy practitioner. 
“Practical medicine, while it differs from academic 
and investigative, is eminently worthy” (Preface, 
The Practitioners’ Dermatology)—this orientation 
pervades every discussion of structure, function, 
etiology and treatment in the book. 





HERE'S WHAT REVIEWERS 

ARE SAYING: 

“A notable contribution to dermatology” 

‘The first text in years that uses simple words and no 
circumlocutions and gives straightforward opinions 
and advice" 

"Ideal for practitioners" 

“Will be well received by not only practitioners and 
medical students but by dermatologists as well" 


Drs. Sutton and Waisman have divided the text 
into 22 chapters; the first 6 present clear, 
understandable discussions of the structure, 
physiology, etiology, diagnosis and treatment of 
the skin and its general dis- 
eases; the last 16 chapters 
present the specific der- 
matoses, abnormalities and 
diseases organized by 
causative factors. Over 600 
illustrations and an excellent 
index round out this com- 
prehensive book. 


ETT 
dermatology 


YORKE MEDICAL BOOKS, 
666 Fifth Avenue, N.Y., N.Y. 10019 
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Please send me copies of THE PRACTITION- 
ERS DERMATOLOGY. The price is $30.00. 





L] Payment enclosed (Publisher absorbs handling 
charge)* 


O Bill me. Add $1.00 for handling charge.* 
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Address 
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“Foreign orders: Add $2.00 for surface shipment; $4.00 for air 
shipment. In New York State add appropriate sales tax. 








Transportation: A portable 
monitoring instrument aids the 
safe transport of cardiac pa- 
tients. Pictured is the monitor / 
recorder component of the 
Lifepak® 5 detached from the 
defibrillator. 


Emergency Department: Be- 
cause many forms of serious 
trauma can initiate ventricular 
fibrillation, and because the 
Emergency Department is 
often the diagnostic clearing 
center for cardiac patients, a 
defibrillator / cardioscope / re- 
corder is always near at hand. 





Recovery Room: During the 
observation of post-surgical 
patients, particularly cardiac 
cases, a monitor / defibrillator / 
recorder is present in the event 
of arrest or other cardiac ir- 
regularities. 
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CAUTION 
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Operating Room: A monitor/ 
defibrillator/recorder should 
be on hand should cardiac ar- 
rest occur from reactions to 
general anesthetics, mechan- 
ical trauma or drugs. In some 
cardiac procedures, internal 
paddles may be used. 











Procedure X-Ray 
Rooms: Ventricular fibrillation 
can result from reaction to 
radiopaque dyes or catheter ir- 
ritability. A defibrillator should 
be present for these emergen- 
cies. 


Special 
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" 
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Coronary Care Unit: Because 
CCU patients are uniquely vul- 
nerable to cardiac arrest, the 
defibrillator is an indispensable 
piece of emergency equipment. 





General Floors: Acrash cart on 
every floor, equipped with a 
Physio-Control defibrillator/ 
cardioscope/recorder helps 
ensure prompt, effective treat- 
ment of cardiac emergencies 
anywhere in the hospital. 


Physio-Control has the finest instruments 
for every hospital application. 
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11811 Willows Rd., Redmond, WA 98052 
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| am interested in more information about Physio-Control Acute Cardiac Care Systems: 
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510 1440 Physiiidontro LIFEPAK and Quik-Logk are registered trademarks of Physio-Control Corporation. 
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Scope/Recorder 


Quik-Look 
(ECG thru paddles) 


With com- 
panion 


scope or 

recorder 
Quik-Charge i 
(push-button 


control on 
panel) 


Synchronizer for 
cardioversions 


Modulator 


Internal paddles 


OTEL 


Optional Optional 


Optional 


Optional 


Optional 


Optional OTEL 


Optional 


LIFEPAK 2 


Optional 


Portable, Battery 
operated 


Line operated 


LIFEPAK 1 


- 
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LIFEPAK 4 


LIFEPAK 3 


PHYSIO 640 


All defibrillator 
controls on the 
paddles 


Optional 
Optional 


Optional Optional Optional 
(modifica- 


tion required) 


LIFEPAK 911 


PHYSIO 1440 
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| Contemporary Cardiologists | 





These outstanding books assemble and analyze the 
latest developments in four major areas. 


MECHANICAL SUPPORT OF THE FAILING 
HEART AND LUNGS 

Edited by David Bregman, M.D., Assistant Profes- 
sor of Surgery, Columbia University, College of 
Physicians and Surgeons, New York 

A review of the most recent techniques and assist 
devices for the care of critically ill patients with 
cardiac and pulmonary disease. Each contributor 
is an acknowledged expert in his field. The highly 
significant nature of the problems and their poten- 
tial solutions should be of interest to every cardi- 
ologist, nurse, physician and others who deal with 
these problems. 

1977 (Due Summer) 225 pp. (est.) Illus. 

A6196-8 $15.00 (est.) 


THE SECOND HENRY FORD HOSPITAL 
INTERNATIONAL SYMPOSIUM ON CARDIAC 
SURGERY 

Edited by Julio C. Davila, M.D., Surgeon-in-Charge, 
Division of Thoracic and Cardiac Surgery, Henry 
Ford Hospital, Detroit 

A historic text that documents the collective ideas, 
knowledge and experience of many of the world’s 
most eminent cardiac surgeons and cardiologists. 
Represents a current state-of-the-art overview of 
the subject. Unfolds a historic perspective of the 
discipline and charts the course for future develop- 
ment. A must volume for all cardiac surgeons and 
cardiologists. 

1977 (Due Spring) 850 pp. (est.) Illus. A8526-4 
$66.00 (est.) 


VENOUS THROMBOEMBOLISM: 

PREVENTION AND TREATMENT 

Edited by John L. Madden, M.D., Clinical Professor 
of Surgery, New York Medical College, New York 
City, and Michael Hume, M.D., Chief of Surgical 
Studies, Lemuel Shattuck Hospital, Boston 
Highlights of topics covered in this two-part sur- 
vey include: Pathogenesis and Management — In- 
cidence of Thromboembolism in Surgical Patients, 
Evaluation of Venous Thrombosis by Impedance 
Plethysmography, External Pneumatic Compres- 
sion Versus Coumadin in Preventing Thromboem- 
bolic Disease in High-Risk Hip Patients. Prophylax- 
is: Diagnosis of Deep Vein Thrombosis and 
Prevention in Total Hip Patients, Venous Stasis on 
the Operating Table, Prevention of Venous Throm- 
bosis in Neurosurgical Patients by Intermittent 
Calf Compression, Diagnostic Methods in Venous 
Thromboembolism — Applications and Limita- 
tions. 

1976 240pp. Illus. A9406-8 $15.00 
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NUTRITION AND CARDIOVASCULAR DISEASE 
Edited by Elaine B. Feldman, M.D., Professor of 
Medicine, Department of Medicine, Medical Col- 
lege of Georgia School of Medicine, Augusta 

A resource and ready reference for practitioners 
and students of cardiology, medicine, and nutri- 
tion, relating nutrients to the etiology and treat- 
ment of cardiovascular disease. Various topics 
take the reader from basic epidemiology and lipid 
metabolism through interrelations of lipids, carbo- 
hydrates, alcohol, calories, minerals, and vitamins 
in the pathogenesis and management of cardio- 
vascular disease states. Provides a balanced and 
practical data base to explain current knowledge 
and to serve as a foundation for newer solutions of 
the future. 

1976 326 pp. Illus. A7071-2 $14.50 


Prices subject to change without notice. 


Appleton*Century*Crofts 


Medical/Nursing Publishers 
Department SK, 292 Madison Avenue 


ANA ^ 
New York, N.Y. 10017 






Please enter my order for copy(s) 


of: | 

[] VENOUS THROMBOEMBOLISM: 
PREVENTION AND TREATMENT 
A9406-8 $15.00 

[] NUTRITION AND CARDIOVASCULAR 
DISEASE A7071-2 $14.50 

[] Payment enclosed (publisher pays postage and 
handling) 


[] Bill me later 





Please enter my back order and bill me at the final 

price 

[] MECHANICAL SUPPORT OF THE FAILING 
HEART AND LUNGS A6196-8 

[] THE SECOND HENRY FORD HOSPITAL 
INTERNATIONAL SYMPOSIUM ON CARDIAC 
SURGERY A8526-4 
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Take it. 













Easy to use—ECHOMATIC has Auto- 
matic Gain Compensation. Easy to take— 
ECHOMATIC weighs less than 50 pounds 
and can be carried right on the back seat 
b of your car. Easy to own—ECHOMATIC 

costs thousands of dollars less* than other 

echocardiography systems. And easy to 

get used to—ECHOMATIC is backed with 
the Metrix Teknika Echocardiography 
Training Program. 





qm 
| Ss l 


TU 
pi 
T 
TD 








Easy. 


ECHOMATIC is just one example of the 
Metrix Teknika philosophy of developing new 
instrumentation. We believe making an instru- 
ment complex and expensive doesn't make 
its data any more valid. What is important, is 
making instrumentation that you can use as a 
tool to test your patients— not your patience. 

Write or phone us collect; 

Metrix Teknika, 876 Ventura St., 
Aurora, Colorado 80011. 303/343-8330. 


i METRIK TERNIKA 


New, original 
research from Dow. 


PROBUGOL 250 mg. tablets 


Chart the. 
specific course 
in cholesterol 
therapy. . 
















Specific new approach 
to cholesterol lowering 


LORELCO is not only new, it's different . . . 
unrelated chemically to any other cholesterol- 
lowering agent presently available. And it works. 


A double blind, placebo-controlled crossover 
study of 30 patients on diet, together with 
studies involving 882 patients during four 
years of investigation, confirm it. 





It has not been established whether the drug-induced lowering of 
serum cholesterol or triglyceriae levels has a beneficial effect, no effect, 
or a detrimental effect on the morbidity or mortality due to athero- 
sclerosis including coronary heart disease. Current investigations now 
in progress may yield an answer to this question. 
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Per cent Change 
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2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 
Weeks of Treatment 


*Values calculated as of last week in test periods. 
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In a double blind crossover dk. 

treatment with LORELCO, in combi- 
nation with diet, resulted in s i 
reductions in serum cholesterol. - : 


Diet modification is essential. int re sat r 
patients with elevated serum cholester 
Where diet has not achieved si satisfac- 
tory results, LORELCO is usefulas — : 
adjunctive therapy. Studies showed hat. 
even in patients on modified holesterol = E 
further reductions in serum cpoleste 
can be obtained as indicated in the - 
figure at left. Xa ELS d 
O At point A, patients in two groups - 
were placed on a diet low in cholestero 


and saturated fat. ARUM ME aa 


O At point B, one group of patients . 

(red line), was started on LORELCO, tW c 
250 mg. tablets twice daily, in addition A 
to diet. Over the next three months, this o 
group showed further reduction in AUNT ^ Gs 
serum cholesterol, significantly below ^. 
that achieved with diet alone. The other - y 
group (blue line) received placebo — e | 

while diet therapy was continued. No - n b. 
additional reduction in serum cnolétte aM 





levels was noted. 


O At point C, the two groups were — 

crossed over. Serum cholesterol levels | 
increased rapidly when the group formerly ~ 
receiving LORELCO was given placebo. - £ 
Conversely, a sharp reduction in serum 
cholesterol occurred in the group given | o 
LORELCO instead of placebo. i AR 


Sustained . 
reductionin — 
serum p 


cholesterol. = 7 


In long-term studies of 882 patients on .. 
various diets, regardless of fat or z 
cholesterol content, 315 were jp 
maintained on LORELCO over a period | 
exceeding four years. A significant * 
reduction in mean serum cholesterol — 
levels in that group was sustained AR ERR 
roug me study: eam. 
VU 
.' See product information on next page of UM, As 
this advertisement. t Y 
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' PROBUCOL 





- It's well tolerated. 


Diarrhea, the most common side 


effect, occurred in about one patient 
inten. Treatment was discontinued 


in about one patient in thirty because 
of side effects, mainly gastro- 
intestinal disturbances. 


It's convenient 
for your patients. 


since elevated serum cholesterol 
levels do not cause discomfort in 
most patients, selecting a drug 
regimen conducive to patient com- 
pliance is important. LORELCO 
offers convenient twice-a-day dosage. 
There's no noon-time dose to 
remember or forget. No inconvenient 
mixing or stirring. 


Special Note: | OREL CO is metab- 
olized and excreted over a period 

of months. LORELCO is not recom- 
mended for use during pregnancy 
or in women contemplating preg- 
nanoy within 6 months. 





DESCRIPTION: 

LORELCO (probucol) is an agent for the reduction of elevated 
serum cholesterol. The chemical name is 4,4'-(isopropyl- 
idenedithio) bis (2,6-di-t-butylphenol). Its chemical structure 
does not resemble that of any other available cholesterol- 
lowering agent. It is lipophilic. 

CLINICAL PHARMACOLOG Y: 

The pharmacological mode of action by which LORELCO 
lowers serum cholesterol levels is unknown. However, there 
is no increase in the cyclic precursors of cholesterol, namely 
desmosterol and 7-dehydrocholesterol. On this basis it is 
concluded that LORELCO does not affect the later stages of 
cholesterol biosynthesis. 


Absorption of LORELCO from the gastrointestinal tract is 
limited and variable. When it is administered with food, peak 
blood levels are higher and less variable. With continuous 
administration in a dosage of 500 mg b.i.d., the blood levels of 
an individual gradually increase over the first three to four 
months and thereafter, remain fairly constant. 


At the end of 12 months of treatment in eight patients, blood 
levels averaged 19.0 ug/ml and ranged from 7.3 to 29.8 
ug/ml. Six weeks after cessation of therapy, the average had 
fallen 60 per cent to 7.8 ug/ml (range from 3.2 to 16.3 
g/ml). After six months the average had fallen 80 per cent to 
3.6 ug/ml (range from 1.5 to 6.0 ug/ml). 


INDICATIONS AND USAGE: 

Since no drug is innocuous, strict attention should be paid to 
the indications and contraindications, particularly when 
selecting drugs for chronic long term use. 


LORELCO is indicated as adjunctive therapy to diet for the 
reduction of elevated serum cholesterol in patients with primary 
hypercholesterolemia (elevated low density lipoproteins). 
LORELCO may be useful to lower elevated cholesterol! that 
occurs in patients with combined hypercholesterolemia and 
hypertriglyceridemia, but it is not indicated where hypertri- 
glyceridemia is the abnormality of most concern. 


It has not been established whether the drug-induced lowering 
of serum cholesterol or triglyceride levels has a beneficial 
effect, no effect, or a detrimental effect on the morbidity or 
mortality due to atherosclerosis including coronary heart 
disease. Current investigations now in progress may yield an 
answer to this question. 

CONTRAINDICATIONS (See also precautions): 

LORELCO is contraindicated in patients who are known to 
have a hypersensitivity to it. 


PRECAUTIONS: 

Before instituting therapy with LORELCO an attempt should 
be made to control serum cholesterol by appropriate dietary 
regimens, weight reduction, and the treatment of any under- 
lying disorder which might be the cause of the hypercho- 
lesterolemia. 


Because LORELCO is intended for long-term administration, 
adequate baseline studies should be performed to determine 
that the patient has elevated serum cholesterol levels. Serum 
cholesterol levels should be determined frequently during the 
first few months of treatment and periodically thereafter. A 
favorable trend in cholesterol reduction should be evident 
during the first two months of probucol administration. The 
regimen should be followed as long as the trend continues. A 
decision should be made by the sixth month whether adequate 
reduction is being attained. 

A baseline for serum triglycerides should also be established 
and serum triglyceride levels should be determined periodically. 
If a marked sustained rise in serum triglycerides is observed 
during probucol therapy, consideration should be given to 
improved diet compliance, alcohol abstinence, further calorie 
restriction or adjustment of carbohydrate intake. LORELCO 
should not be continued if hypertriglyceridemia persists. 


Neither oral hypoglycemic agents nor oral anticoagulants 
alter the effect of LORELCO on serum cholesterol. Thé dosage 
of these agents is not usually modified when given with LORELCO. 
Use in Pregnancy: Reproduction studies have been performed 
in rats and rabbits and have revealed no evidence of impaired 
fertility or harm to the fetus due to LORELCO. Because there 










-in pregnancy is not recommended. is more, if a pe 

. Wishes to become pregnant, iti is recommi ended that the 

. be withdrawn, and birth: jakea y be used a 
least six months because of persistence of the drug in the 
body for prolonged periods. (See Clinical Pharmacology. es 






. excreted in human milk, but it is likely to be since such excretion 
. has been shown in animals. It is recommended that nursing 
“not be undertaken while a patientis on LORELCO (probucol). 


- Use in Children: Safety and effectiveness in children have not 
- been established. 


. ADVERSE REACTIONS: 
. The adverse reactions associated with LORELCO are generally 
-mild to moderate and of short duration. 


. The most commonly affected system is the gastrointestinal 
tract. Diarrhea occurs in about one in 10 patients. Other 
adverse gastrointestinal reactions in descending order of 

~ frequency are: flatulence, abdominal pain, nausea and vomiting. 
These reactions are usually transient and seldom require the 
drug to be discontinued. During the clinical studies, LORELCO 

- was discontinued in about 2 per cent of the patients because 

. of adverse gastrointestinal reactions. 


Less frequent adverse reactions are: hyperhidrosis, fetid sweat 
and angioneurotic edema which were reported in less than 
. one in 500 subjects. 


—An idiosyncratic reaction characterized by dizziness, palpitations, 
‘syncope, nausea, vomiting and chest pain has been reported. 


- Other events have been reported in patients treated with 
LORELCO. The relationship between these events and probucol 
is not well established. In this group are included totally subjective 

complaints which are attributed to drugs even though many 
individuals have symptoms of this sort in the absence of drug 
ingestion. Also included are events which could have been 

. produced by the patient's state or other modes of therapy. 
The most frequent were headaches, dizziness, paresthesias 
and eosinophilia observed in about one of each 50 subjects. 
Consistently low hemoglobin and/or hematocrit values were 

-. observed in about one of each 100 patients. Less frequent 

- were: rash, pruritis, impotency, insomnia, conjunctivitis, tearing, 

— blurred vision, tinnitus, diminished sense of taste and smell, 

- enlargement of a multinodular goiter, anorexia, heartburn, 
indigestion, gastrointestinal bleeding, ecchymoses and 
petechiae, decreased hemoglobin, thrombocytopenia, nocturia, 
and peripheral neuritis. These were observed in the range of 
one to six per thousand subjects. 


Elevations of the serum transaminases (glutamic-oxalacetic 
and glutamic-pyruvic), bilirubin, alkaline phosphatase, creatine 
phosphokinase, uric acid, blood urea nitrogen and blood 
glucose above the normal range were observed on one or 
more occasions in various patients treated with LORELCO. 
Most often these were transient and/or could have been related 
to the patient's clinical state or other modes of therapy. 
Although the basis for the relationship between probucol and 

~ these abnormalities is not firm, the possibility that some of 
these are drug related cannot be excluded. In the controlled 
trials, the incidence of abnormal laboratory values was no 
higher in the patients treated with probucol than in the patients 
who received placebo. 


DOSAGE AND ADMINISTRATION: 


| For adult use only. The recommended dose is 500 mg (2. 


— tablets of 250 mg each) twice daily with the morning and 
evening meals. 
CAUTION: Federal law prohibits dispensing without prescription. 
HOW SUPPLIED: 
Each film-coated tablet contains 250 mg probucol and is 
imprinted with the DOW diamond trademark 
over the code number 51. 
` Bottles of 120 tablets, a 
30-day supply for one 
. patient (NDC 0183- 
: 0051-26). Unit dose 
packages of 112 tablets (NDC 0183-0051-71). 
Keep well closed. Store in a dry place, 
avoid excessive heat and dispense in 
light-resistant containers. 
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tor clearance from the body. After a single dose approximately — | v : 
10 per cent of the absorbed drug was recovered from bile aso ue SL MNS em 
collected from rats over a period of 30 hours. Very little is dM er A ora: 
excreted by way of the kidneys. Following a single intravenous - x i / "rM 
injection in rats, only one per cent of the drug was recovered - X ^4 e. MEUM cur 


in the urine over a 24-hour period. ve di) SE b. 
Probucol has shown no identifiable toxicity in mice, rats and £ ee hA E ix 
monkeys. In mice and rats the LDss (oral) is in excess of five TL en 


grams per kilogram of body weight. Two-year chronic toxicity 
studies in rats and a study in monkeys exceeding seven years 
in duration have shown probucol to be without adverse effect. 


During the performance of a two-year chronic study involving 
32 probucol-treated dogs (beagles), there were 1 2 fatalities. 
The behavior, physical condition, laboratory findings and post- 
mortem evaluations were considered to be within normal 
limits. 

Subsequent experiments have indicated that probucol sensitizes 
the canine myocardium to epinephrine resulting in ventricular 
fibrillation in many dogs. 

Among the animal species in which probucol has been studied, 
the dog is peculiar with respect to the phenomenon of 
sudden death and the sensitization of the myocardium 
to epinephrine. In contrast to findings in the dog, 
injections of epinephrine to probucol-treated 
monkeys did not induce ventricular fibrillation. 
in other studies, monkeys were given probucol 
either before and after, or only after myocardial 
infarction induced by coronary artery 

ligation. In these studies there was no 
difference between probucol and 
placebo-treated groups with 
respect to either survival or 
detailed blind quantitation of 
myocardial changes (gross 
and histopathologic). 
Myocardial injury was 
produced in various 
groups of rats by one 

of the following pro- 
cedures: aortic 

coarctation, coronary 
ligation, or cobalt or 
isoproterenol injection. 
After probucol administra- 
tion no deleterious effects 
related to treatment occurred 
as measured by survival and micro- 
scopic examination of myocardial 
damage. 


Probucol was administered to minipigs => ^ 
beginning 10 days before ligation of a coronary. - 
artery and continued for 60 days post surgery. Challenge with 
epinephrine at the end of 60 days failed to induce ventricular 
fibrillation in any of the coronary ligated, probucol-treated ~~. 
minipigs. t 
In summary, probucol is toxic to the dog; the target organ is 
the heart. This phenomenon appears to be unique to the dog. 
Toxic effects were not identified in four other species. 
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Guidelines for Training in Cardiovascular Disease 


Prepared by the Subspecialty Board on Cardiovascular Disease of the American Board of Internal Medicine 


The following guidelines were drafted 
by the Subspecialty Board on Cardiovas- 
cular Disease, reviewed and revised by 
the American Board of Internal Medicine 
and approved on December 8, 1976.* 


This document and similar guidelines for 
training in the other eight subspecialties 
of internal medicine have been generated 
in response to many requests over the 
past few years for the Board’s opinion 
concerning an excellent training program 
in a subspecialty. These requests no 
doubt stem in part from the fact that, at 
present, there is no procedure for ac- 
crediting training programs in the sub- 
specialties of internal medicine and 
therefore no accepted “‘essentials’’ to 
guide directors in administering their 
programs. 

The Board places the highest priority in 
the preparation of a subspecialist upon a 
thorough preliminary educational expe- 
rience in general internal medicine. 
Subspecialists devote considerable pro- 
fessional time and effort to general in- 
ternal medicine and must also be trained 
to conduct this aspect of their practices 
with competence. The Board therefore 
insists that publication of its guidelines for 
training subspecialists must include its 
statements on the attributes of the inter- 
nist and of the subspecialist in internal 
medicine. 

The Board emphasizes that these guide- 
lines should be received as recommen- 


dations offered in response to requests for 
assistance and not as requirements to be 
enforced through the Board's certification 
process. Furthermore, the Board does not 
perceive program accreditation to be 
among its roles. Its goal in the certification 
process is to provide assurance that its 
Diplomate possesses the knowledge, 
skills, and attitudes essential to the pro- 
vision of excellent care. Training of high 
quality is fundamental to that process. 


ATTRIBUTES OF THE 
GENERAL INTERNIST 


Attributes of the 
General Internist 


A general internist is a physician who 
provides scientifically based, empathic 
care for the non-surgical illnesses of ad- 
olescents and adults. This care tends to be 
characterized by a mutual personal 
commitment between doctor and patient, 
by stability over time, by substantial 
breadth, by availability, and by an appro- 
priate attention to elements of human 
support, sensitivity and concern. It is 
marked by technical sophistication and 
major professional expertise. The general 
internist functions as a consultant to other 
specialists and is competent to handle 
critically ill patients and non-surgical 
disorders in adolescents and adults 
seeking aid in the emergency room set- 
ting. The well trained internists are unique 
in their ability to deliver with broad com- 


petence primary, secondary and tertiary 
care. 
The general internist provides con- 


tinuing, comprehensive care for common 


and complex multisystem illnesses in the 
ambulatory as well as the hospital setting. 
The internist serves as the patient's ad- 
vocate and accepts responsibility for all 
the patient's health needs, obtaining as- 
sistance from other specialists and from 
allied health professionals as required. 
One of the hallmarks of the general in- 
ternist is a continuing personal interest in 
the patient. 

The practice of internal medicine re- 
quires the knowledge and application of 
advances in the science and technology 
of medicine. The internist provides care 
which combines the scientific and tech- 
nological successes of recent decades 
with the empathic care of the patient. 
Progress in technology may complicate 
the relationship between the patient and 
physician. Therefore the personal and 
caring relationship takes on even greater 
significance. 


ATTRIBUTES OF THE 
SUBSPECIALIST IN 
INTERNAL MEDICINE AND 
GUIDELINES FOR TRAINING 
Attributes of the Subspecialist in 
Internal Medicine 


Subspecialists must first be certified by 
the American Board of Internal Medicine 
in the broad field of internal medicine. 


* The current officers of the American Board of Internal Medicine are: John A. Benson, Jr., MD, president; 
Robert G. Petersdorf, MD, chairman; Daniel D. Federman, MD, chairman-elect; Theodore B. Schwartz, 
MD, secretary-treasurer. The cardiovascular specialists who participated in the framing of these 
documents include: Robert J. Adolph, MD, FACC; J. David Bristow, MD, FACC; Lawrence S. Cohen, 


MD, FACC; Ernest Craige, MD, FACC; Charles Fisch, MD, FACC; Rolf.M. Gunnar, MD, FACC; Herbert 
N. Hultgren, MD, FACC; J. O'Neal Humphries, MD, FACC; Thomas N. James, MD, FACC; Thomas 
Killip, Ill, MD, FACC; Dean T. Mason, MD, FACC; Robert C. Schlant, MD, FACC; Arthur Selzer, MD, 


FACC; Arnold M. Weissler, MD, FACC (chairman). 


Address for reprints: American Board of Internal Medicine, 200 S. W. Market Street, Portland, Ore - 


gon 97201. 
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.. They should be dedicated to excellence 


and compassion in patient care. They 


-. . should appreciate the relationship of their 


particular discipline to the whole of in- 


ternal medicine, and, although mainly 
_ concerned with being clinically competent 
. in their subspecialty, they should always 
. practice their subspecialty with a broad 
. knowledge of its relationship to diseases 
.. Of other organ systems. 


Teaching and learning should continue 


_ throughout the careers of subspecialists. 
- Sincere dedication to continuing educa- 
. tion will enable them to advance their 


competence with changes in medical 


. knowledge and practice, to exercise ap- 


propriate clinical skill and thoughtful 


. judgment in utilizing technological pro- 
— cedures, to demonstrate wisdom in the 


comprehensive evaluation of diagnostic 


. tests, and to provide sound recommen- 


dations for therapeutic modalities or 
clinical management. Since experience 
in either fundamental research or clinical 
investigation fosters life-long habits of 


= scholarship and critical thinking, they 

- should be capable of interpreting experi- 

. mental data and be familiar with the sci- 
 entific basis for medical practice. 


Subspecialists should seek to coop- 


 erate with and provide consultation for 
physicians within and outside the field of 


internal medicine, as well as other allied 
health professionals, whose participation 


- in the diagnosis and care of patients is 
essential. 


. General Guidelines for 
Training the Subspecialist in 


Internal Medicine 
Subspecialty training should be re- 


. ceived in an institution with a residency 
program in internal medicine approved by 
the Liaison Committee on Graduate 
_ Medical Education, although training may 


be appropriate in certain outstanding in- 


. stitutions of recognized quality and en- 
. riched by an academic atmosphere which 
. do not have an approved training program 
. in internal medicine. During training, the 
. subspecialist should be afforded the op- 
-portunity to develop the cognitive knowl- 
. edge, clinical skills, personal attributes 
and professional attitudes appropriate for 

an internist competent to practice the 

subspecialty both as a primary physician 


and as a consultant. As in programs in the 


broad specialty of internal medicine, 
evaluation of the clinical skills of the 


/ subspecialty trainee to function as a 


consultant as well as an internist will be 


required of program directors and should 
be expected by trainees. 

These guidelines are intended to pro- 
vide direction and are not to be interpreted 
as requirements unless specifically stat- 
ed. 


GUIDELINES FOR TRAINING IN 
CARDIOVASCULAR DISEASES 


To gain the expertise required of a 
consultant, the trainee should complete 
two years of full-time training in the sub- 
specialty of cardiovascular diseases. The 
training program in cardiovascular dis- 
eases should be conducted in an institu- 
tion approved for three years of residency 
in internal medicine by the Liaison Com- 
mittee for Graduate Medical Education. At 
least 20 of the minimal 24 months of 
training which the trainee must complete 
must be provided in hospitals with ap- 
proved programs of residency training in 
internal medicine and surgery as well as 
an active program in adult cardiovascular 
surgery. 

The trainee should have a minimum of 
three years of training in general internal 
medicine preferably prior to beginning 
training in the subspecialty. The program 
must provide an opportunity for its 
trainees to maintain a high level of com- 
petence in general internal medicine, 
especially in those disease states in which 
cardiovascular complications may 
occur. 

During training, the cardiology trainee 
should learn to act as a consultant in the 
clinical management of a wide variety of 
cardiovascular disorders, both common 
and uncommon. In all activities, the 
trainees should be encouraged to cultivate 
an attitude of scholarship and dedication 
to continuing education which will remain 
throughout their professional careers. 


Program Director and Faculty 


The program must be conducted under 
the auspices of a program director who is 
highly competent in the subspecialty of 
cardiovascular diseases, and fully com- 
mitted to the training of the cardiovascular 
specialist. There should be a sufficient 
number of full-time and part-time faculty 
in the division of cardiology to guarantee 
close supervision of all trainees. The 
faculty members should be certified by the 
Subspecialty Board on Cardiovascular 
Disease or have equivalent credentials. 


Environment 


Specialists in cardiovascular diseases 
must interact with specialists in other 
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areas and have knowledge of other 
specialties in order to provide excellent 
patient care. Therefore, the training pro- 
gram must enable the trainee to cultivate 
an appreciation of the importance of in- 
teraction with other disciplines through the 
availability of collaborating consultants 
and suitable patients. 

The trainee must gain knowledge and 
experience in: 


e Radiology: the interpretation of 
cardiovascular roentgenograms with 
particular reference to the vascular 
structures and special cardiovas- 
cular radiologic procedures 


Pathology: familiarity with the pa- 
thology of all major forms of heart 
disease, including the gross and 
microscopic alterations that ac- 
company cardiovascular disease 
processes 


Surgery: the risks and benefits of 
cardiovascular surgery and the ra- 
tionale for selection of candidates 
for surgical treatment; and close 
collaboration with surgical col- 
leagues in pre- and post-operative 
management of patients with cardi- 
ac disease 


Obstetrics: the interrelationship of 
pregnancy and heart disease 


Pulmonary Disease: basic pulmo- 
nary physiology, pulmonary function 
testing, the evaluation of blood 
gases, and radioactive lung scanning 
methods; and experience with dis- 
eases involving the pulmonary cir- 
culation 


e Nuclear Medicine: the fundamental 
principles of the modern techniques 
of nuclear medicine for diagnosis of 
cardiac and vascular disease 


e Pharmacology: the pharmacology of 
commonly used cardiovascular 
drugs 


Educational Program 


The cardiovascular trainee should de- 
vote the equivalent of one of the two years 
of training to the broad area of clinical 
cardiovascular diseases. This should in- 
clude experience with patients undergoing 
intensive care for acute cardiovascular 
disorders as well as closely supervised 
experience in a well run coronary care 
unit. The training should include exposure. 
to both in-patients and out-patients and 
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enable the trainee to follow the same 
patients over a long period of time. Out- 
patient consultation training should occur 
at least one-half day per week. There 
should be exposure to a wide age span of 
patients from adolescence to old age. 

Since taking a history and performing 
a physical examination remain of 
preeminent importance in a cardiovas- 
cular diagnosis, trainees must have in- 
struction and the opportunity to develop 
these critical skills. They must acquire 
competence in the detection and quanti- 
fication of clinical data concerning car- 
diovascular disease through bedside 
techniques. 

Trainees must also become conversant 
with the role of psychogenic factors in the 
production of symptoms and the behav- 
ioral adjustments to cardiovascular dis- 
ease. They should learn the importance 
of preventive and rehabilitative measures 
in the management of heart disease. 

The training experience should enable 
trainees to become proficient in all the 
diseases and subject areas in which a 
cardiovascular subspecialist should be 
knowledgeable. They must become ex- 
perienced in the procedural skills needed 
for the practice of cardiovascular medi- 
cine. There should be a documented core 
curriculum of training seminars and con- 
ferences on key subject areas. 

The trainee in cardiovascular disease 
must become well versed in the basic 
sciences. The program should provide 
opportunity for continuing education in 
those elements of anatomy, physiology, 
pharmacology, pathology, biophysics, 
computer science, genetics, and bio- 
chemistry that are pertinent to cardiology. 
Of special importance is a thorough un- 
derstanding of the normal physiology of 
the circulatory system with emphasis on 
cardiovascular adaptation to exercise and 
stress, and of renal function and electro- 
lyte balance. 

The trainees should have adequate 
opportunity for teaching and should be 
encouraged to attend national meetings 
of a recognized national professional 
society in cardiology. It is tecommended 
that cardiovascular trainees participate 
directly in the teaching of the discipline 
and gain familiarity with fundamental 
principles of the learning process. They 


should have experience acting as a con- 


sultant to other physicians. 

Since experience in research, either 
basic or clinical, encourages life long 
habits of scholarship and critical thinking 


and prepares the trainee for the inter- 
pretation of new approaches to patient 
management, it is recommended that all 
trainees participate actively in research 
activities. Prolonged or continuous ex- 
perience in investigation is not considered 
essential. 

Appropriate supervision, review, and/ 
or audit of all trainees' activities should be 
documented. There should be regular, 
recorded evaluation and feedback con- 
cerning the trainee's clinical skills and 
knowledge in all of the individual areas 
with which the cardiovascular subspe- 
cialist should be familiar. 

Modern facilities to accomplish the 
foregoing educational program must be 
available. A comprehensive library must 
be readily accessible. 


Specific Knowledge and Skills Required 


DISEASE AREAS: The trainee must be 
well-educated in the following disease 
areas: 


e Coronary Artery Disease (pathology, 
risk factors, natural history, pre- 
vention, diagnosis by history, phys- 
ical examination, and laboratory 
methods, and medical and surgical 
management) 


e Hypertension and Resultant Com- 
plications (pathogenesis, natural 
history, and pharmacologic treat- 
ment) 


e Rheumatic Heart Disease (clinical 
presentation, management, bacte- 
riologic association, prevention, 
pathology, complications, altered 
physiology, and medical and surgical 
treatment) 


e Congenital Heart Disease (cardio- 
vascular embryology, pathology and 
alterations in the circulation at birth, 
clinical presentation, natural history, 
altered physiology, diagnostic 
methods, and medical and surgical 
management of the principal types 
of congenital cardiac malforma- 
tions) 


e Vascular Disease (diseases of the 
veins and diseases of the aorta, in- 
cluding aortic aneurysm and vascu- 
lar disease of peripheral and cere- 
bral vessels) 


ə Cardiac Arrhythmias (current con- 
cepts of the electrophysiologic basis 
of cardiac arrhythmias and their 
pharmacologic management, car- 
diac monitoring, cardioversion, ar- 
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tificial pacing, 


interpretation of . 


2 


special electrophysiologic studies, 


e.g., His bundle electrograms, the 


technique of insertion of pacemak- 
ers, detection of malfunction of 


pacemakers, supervision of ambu- 
latory patients with artificial pace- 
makers, the electrical hazards in- 
volved and the safe use and evalu- 
ation of equipment employed in in- 
tensive care and ambulatory moni- 
toring of cardiac rhythm) 


e Other Cardiovascular Diseases 
(cardiomyopathy, pericardial dis- 
ease, pulmonary heart disease, 
cardiac involvement by systemic 
disease, infective endocarditis, 
cardiac complications of chronic 


renal failure, traumatic heart dis- 


ease, cardiac tumors, and cardio- 
vascular syphilis) 


SKILLS: The training program should 
enable development of a thorough un- 
derstanding of indications for cardiovas- 
cular laboratory procedures and the ac- 
quisition of skills required in the physio- 
logic, chemical and pharmacologic 
evaluation of cardiovascular function, 
including the following: 


e Electrocardiography: The program 
must provide opportunity for the 
supervised 
electrocardiographic abnormalities 


and cardiac rhythm disturbances. | 


interpretation of all 


The trainee must gain competence — - 


in the interpretation of electrocar- 
diographic exercise and stress tests, 
and become familiar with the tech- 
nique and basis for the interpretation 


of vectorcardiograms and His bundle 


electrograms. There must be expe- 
rience with continuous monitoring of 
cardiac rhythm and interpretation of 
recordings. 


e Cardiovascular Roentgenograms and 
Angiograms: The training experi- 
ence must enable development of 
expertise in the interpretation of the 
special radiologic techniques used 


in the study of cardiovascular prob- 


lems, including radiologic contrast 
studies of the heart, coronary ar- 
teries, and peripheral vascular sys- 
tem. | 


e Hemodynamic Data: The trainee 
must have the opportunity to be- 
come thoroughly conversant with 
the techniques of diagnostic cardiac 
catheterization, the 


principles - 
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EXPERIENCES: During the first 24 
months, training must provide supervised 
experience with frequent evaluations in 
specific areas. These include: 


The laboratory should meet the 
standards of the Intersociety Com- 
mission on Heart Disease, and the 
trainee should participate in all lab- 
oratory procedures, data analysis 


underlying the rendering of physio- 
logic data, and the characteristics of 
an adequate recording system. A 
thorough understanding of the data 
and ability to calculate and interpret 


results of cardiac catheterization e Repeated and continuing responsi- 


NEIEN 


must be instilled. 


Graphic Methods: The cardiovas- 
cular trainee should have experience 
in the techniques and interpretation 
of recording phonocardiograms and 
pulse tracings. 


Echocardiography: The contempo- 
rary trainee must have enough ex- 
perience in echocardiography to 
become thoroughly conversant with 
its basic principles, technique, and 
interpretation. 


bility for in-patient cardiovascular 
consultations. 


Extensive experience in the care of 
patients in an active coronary care 
unit. 


Regular attendance in a cardiovas- 
cular out-patient service. 


Direct experience under supervision 
in a general adult cardiac catheter- 
ization laboratory performing both 
right and left heart catheterizations. 


and report writing. 


Major experience in the interpreta- 
tion of electrocardiograms with ap- 
propriate review and audit. 


Direct participation in performance 
and interpretation of exercise- 
function and/or exercise ECG 
tests. 


Direct participation in performance 
of echocardiograms and graphics 
(pulse and phonocardiographic) ex- 
aminations. 


s 





LETTERS TO THE EDITOR 


REPORTING SURGICAL DATA IN 
CONGENITAL HEART DISEASE: 
HOW COMPLETE? 


The report by Van Praagh and Visner! opens a Pandora’s box 
of questions regarding the relative safety of medical versus 


surgical management of selected types of congenital heart 


disease. I am not surprised by the authors’ statistics, which 
show a large number of fatalities in tetralogy of Fallot and in 
d-transposition of the great arteries. However, the practitioner 
does have a dilemma in deciding the appropriate medical or 
surgical course to take in potentially less severe lesions, such 
as ventricular septal defects. 

With regard to ventricular septal defects, Table III in which 
the authors present a yearly breakdown of the malformations 
associated with surgical deaths gives no indication of the type 
of surgical procedure performed (palliative pulmonary arterial 
banding versus defect closure), associated pulmonary hy- 
pertension, the age of the patient or whether deep hypother- 
mia was utilized in the operative procedure. Additionally, 
there is no indication regarding failure of medical therapy in 
each of these patients. If one is to take the authors' data at face 
value, it could be stated that there is an increasing mortality 
at their institution in the surgical therapy of ventricular septal 
defects in 1973 and in 1974. 

There is no doubt that the information compiled by the 
authors is a necessary addition to the literature on pediatric 
cardiology. It is hoped that other centers will, likewise, furnish 
their data so that a true picture can be drawn of the operative 
and postoperative problems in congenital heart disease. 
However, presentation of *complete and unselected" data may 
not be the optimal method of disseminating such information. 
This information may be more confusing than helpful to the 
reader. 

Milton J. Reitman, MD 
Division of Pediatric Cardiology 
North Shore University Hospital 
Manhasset, New York 


Reference 


1. Van Praagh R, Visner M: Postoperative pathology of congenital heart disease. Am J 
Cardiol 38:225—230, 1976 


REPLY 


Our study attempted to elucidate the pathology of congenital 


heart disease after cardiac surgery. It is not directly relevant 
to "the relative safety of medical versus surgical manage- 
ment"; the pathologic findings in medically managed cases 
of congenital heart disease were not mentioned. 

Similarly, I tend to agree that “the practitioner does have 
a dilemma in deciding the appropriate medical or sugical 
course to take in potentially less severe lesions, such as ven- 
tricular septal defects." However, the findings of our study 
are not directly relevant to this important problem because 


. we were attempting to answer a different question. 


I fully agree concerning the importance of key clinical data. 


_ For example, the surgical mortality rates for the various types 

— of congenital heart disease cannot be established without the : 
— relevant clinical data. Our paper was concerned with patho- 
. logic findings, rather than with clinical data. The autopsy 


statistics that we reported do not reflect our surgical mortality 
rates in any direct and obvious way. 


It is not correct that, taken at face value, our data indicate 


an increasing mortality at our institution in the surgical 
therapy of ventricular septal defects in 1973 and in 1974. It 
was in the hope of avoiding this type of misunderstanding that 


we cautioned: “These are unfamiliar statistics. One must be © 


careful not to misread these autopsy statistics as surgical 
mortality rates. They are not. Instead, they are thought to 
reflect a difficult-to-dissect mixture of (1) frequency in the 


surgical case load, and (2) surgical difficulty." Nonetheless, - D 
I strongly agree with the spirit of what Reitman is saying, — 


namely, that an extensive correlation of clinical and pathologic 


data is needed and could be very helpful in many practical S 


respects. We plan to do such a study. 
I do not agree that data that are complete and unselected 


“may be more confusing than helpful.” Surely, there is nothing 
more confusing to the reader than reports of findings or results 
that are incomplete and preselected. From a scientific 
standpoint, surgical papers must be more than institutional- 
advertising. How can this be achieved? By encouraging the  . 
reporting of surgical results in a complete and unselected _ 


way 


Bore hypothetical examples will help to make this clear. ; ji, 
Let us say that one wishes to report one’s surgical results in — 
tetralogy of Fallot utilizing hypothermic arrest. This is fine _ 


if one doesn’t forget that “definition of the problem” often 


unwittingly leads to the exclusion of cases, to preselection of _ 


data. Although it would be entirely acceptable to focus on the 


series treated with hypothermic arrest (the *numerator"), it 
would be very helpful to mention briefly what the results were _ 


for all surgically treated cases of tetralogy (the *denomina- 


tor"). The “denominator” is the big picture. It is necessary in. 


order to see the *numerator" in meaningful perspective. 


There are many types of unintentional preselection of data. — 
For example, tetralogy of Fallot with pulmonary atresia may | 
well be called something else—such as pulmonary atresia with — 
ventricular septal defect, or pseudotruncus, or truncus type — 
IV. “After all, it's a different surgical problem!” the surgeons _ 
may say. But still, this is the worst form of tetralogy. Cases _ 


with pulmonary atresia should be grouped separately under 


tetralogy of Fallot; they should not be entirely removed from — 
the category of tetralogy of Fallot and hence omitted from the — 
report. 'This principle also applies to tetralogy with congenital > 


mitral stenosis or common atrioventricular canal or left ven- _ 


tricular outflow tract obstruction. The temptation is strong 2 


to omit such cases from one's tetralogy results. 


One must not yield to this temptation if one wishes to see 


tetralogy as it really is, rather than as one wishes it were. If 


cases with associated malformations are excluded, if only — 


“typical” cases are included, then one's surgical results will 
of course be more impressive, more "fashionable." But this 


is an exercise in self-delusion because one's results reflect only _ 


a part of the reality of tetralogy, instead of all of it. 
However, as Kirklin says, it may not matter so much what 


one calls a case (for example, tetralogy or double outlet right — 


ventricle) so long as all cases are reported in one's surgical _ 


results. Every case must appear somewhere. All cases should . 


be reported. 


We mention the surgical literature only because of its ob- - 
viously great importance. This principle—that the reporting - 
of data should be complete and unselected—applies to many . 
other fields as well, such as pathology. Pathologists tend to- 
work on a case by case basis, with monthly reviews for medical. 
and surgical cardiac pathology conferences, and at the SE 
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of our study, I soon realized that we had no clear idea what the 
big picture was. Had the pathologic findings changed from 
year to year over the past decade? We had no idea. Then we 
gradually realized that no one else seemed to know either! The 
large literature on the pathology of congenital heart disease 
consisted either of anecdotal case reports or of selected se- 
ries—''numerators" without “denominators.” This is why 
- there are no pathologic findings, of which we are aware, with 
which our data can be compared. 

In this sense, we hope that our paper will begin a new genre 
in the literature concerning the pathology of congenital heart 
disease. Similar studies from other centers are needed before 
it will be possible to see our findings concerning the postop- 
erative pathology of congenital heart disease in perspective. 

These are the major reasons why we attempted to stress the 
enormous importance of reporting data and results in a 
complete and unselected way. Control series and statistical 
analysis in scientific publications are now generally under- 
stood to be desirable. But the need for completeness in re- 
porting data and results is still largely unappreciated. Con- 
sequently, it is often not possible to ascertain the overall re- 
sults for a given type of congenital heart disease at a particular 
institution. Moreover, it usually is not possible to compare, 
in a meaningful way, the surgical results in a given anomaly 
at several different institutions. This is why we suggested that 
the reporting of data and results should be complete and un- 
selected. We think that this is a principle of basic importance 
and we hope that authors, reviewers and editors will take note. 
Application of this simple principle will considerably improve 
both the scientific quality and the practical usefulness of the 
medical literature. 


Richard Van Praagh, MD, FACC 
Children’s Hospital Medical Center 
Harvard Medical School 

Boston, Massachusetts 


OBSTRUCTING VENTRICULAR SEPTAL DEFECT IN 
DOUBLE OUTLET RIGHT VENTRICLE 


Sridaromont et al.! in their review of double outlet right 
ventricle reported only 1 case in 62 with an obstructive ven- 
tricular septal defect. I wonder whether the true incidence of 
this complication might have been underestimated since very 
few left ventricular pressures were recorded. We have en- 


countered three patients with an obstructive ventricular septal 
defect?’ in our series of approximately 60 cases of double 
outlet right ventricle. The diagnosis of obstructive ventricular 
septal defect has important surgical implications because it 
may be necessary to enlarge the defect to ensure satisfactory 
postoperative hemodynamics. Also, surgical techniques may 
have to vary according to the type of obstruction, whether 
muscular or fibrous.? Preoperative diagnosis of the two vari- 
eties may be obtained by selective angiocardiography. 


Maria Serratto, MD, FACC 
Department of Pediatric Cardiology 
Cook County Children’s Hospital 
Chicago, Illinois 
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We have now observed an obstructing ventricular septal defect 
in 3 of a total of 72 patients with double outlet right ventricle 
with levocardia. Two of those with significant ventricular 
septal defect obstruction demonstrated by pressure mea- 
surement were not part of our previous report because full 
hemodynamic data were not available. 

We agree that the diagnosis of obstructive ventricular septal 
defect has important implications. It is necessary, under those 
circumstances, for the surgeon to enlarge the ventricular septal 
defect when the diameter of the ventricular septal defect is 
less than the diameter of the aortic root. This must be done 
to successfully create the ventriculo-aortic tunnel. The mea- 
surement of left ventricular pressure is often difficult in these 
patients and cannot always be done by a retrograde approach 
because the aorta arises from the right ventricle. Approach 
to the left ventricle from an atrial septal defect or the ven- 
tricular septal defect may be successful. 


Somkid Sridaromont, MD 
Department of Pediatrics 
Pediatric Cardiologist 

Texas Tech School of Medicine 
Lubbock, Texas 





. 622 April 1977 The American Journal of CARDIOLOGY Volume39 00 | | | — 





— AMERICAN COLLEGE OF CARDIOLOGY NEWS 





President's Page: Insights and Directions— 1977 





You have greatly honored me by electing 
me your President for the forthcoming 
year, 1977-78. | accept this position of 
highest responsibility and leadership with 
pleasure and gratitude. For myself and for 
the membership, | thank my predecessor 
Dr. Charles Fisch for his outstanding 
contributions to the College during the 
past 2 years. 

| can assure each of you | will do my 
utmost to merit the confidence with which 
you have graciously entrusted me. | rec- 
ognize that my presidency begins during 
a period of change and uncertainty in both 
national and medical policies concerning 
cardiovascular medicine. | am also very 
much aware that you have chosen me at 
a relatively young time in my life—for the 
record, at age 44. | am delighted to be 
your President now because it is my sin- 
cere belief that, with your help, we can 
bring new ideas and concepts to the Col- 
lege and to cardiovascular medicine in 
general. 

The College is well prepared and 
flexibly structured to participate actively 
in the formulation of social, economic and 
legislative goals that reflect national 
trends in attitudes and priorities in car- 
diovascular medicine. The College’s ac- 
knowledged leadership role as the prin- 
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cipal active spokesman for the American 
physician specializing in cardiovascular 
disease can be successfully accom- 
plished within the carefully established 
objectives of the College while it con- 
tinues to provide important advancements 
and innovations for improved high quality 
care of patients with heart disease. 

Since its inception 27 years ago, the 
College has become the leading profes- 
sional specialty society in cardiovascular 
disease. It has a total membership of 
nearly 8,000 cardiovascular specialists 
(more than one third less than 40 years of 
age). Moreover, at all levels, the national 
and international impact of the College 
has become phenomenally strong. A 
concise consideration of some of the 
College's major activities makes the 
point: worldwide leadership in continuing 
cardiovascular education; annual scien- 
tific meeting attendance of more than 
12,000; approximately 40 national annual 
continuing education courses with a total 
enrollment of more than 6,000; more than 
40 U.S. State Department-sponsored 
circuit programs visiting nearly every 
developing country internationally; more 
than 20,000 subscribers to the American 
Journal of Cardiology; nearly 5,000 sub- 
scribers to ACCEL audiotape journal; 
development of the Heart House Learning 
Center in Bethesda, Maryland (scheduled 
to open in September 1977); annual Be- 
thesda Conferences for exchange of ideas 
and formulation of policies by recognized 
authorities concerning patient care, re- 
search and training in cardiovascular 
medicine; development of a national 
self-assessment examination in cardiol- 
ogy; recent completion of a National In- 
stitutes of Health-sponsored study of na- 
tional cardiovascular manpower; partici- 
pation in federal congressional committee 
hearings dealing with health care legis- 
lation; membership on the Interspecialty 
Advisory Board of the American Medical 
Association, and development of liaison 
committees with other medical profes- 
sional groups and voluntary health so- 
cieties, such as the American Heart As- 
sociation, the American Academy of 
Family Physicians and the American 
College of Physicians, whose members 
provide cardiovascular care. 
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The leading health problems among  - 
Americans are morbidity and mortality 
from heart disease. Underscoring this — 
alarming fact is that cardiovascular dis- 
eases are responsible for more than 1 
million deaths annually in the United 
States, thereby accounting for the ma- - 
jority (54 percent) of all deaths in the na- 
tion. Nevertheless, progress in cardio- 
vascular medicine in the past three dec- 


ades has been truly spectacular. In my 


opinion, the most important advance has- 
been the development of catheterization 
of the human heart, which can be carried _ 
out with relative ease and patient safety. _ 
Application of this technique has enabled 
elucidation of pathophysiologic mecha- 
nisms in heart disease and has provided 
cardiovascular diagnosis on a scientific 
basis. The ability to identify and quantify 
even the most complex cardiac disorders 


has spearheaded remarkable innovations 


in medical and surgical therapy. 

Recent cardiovascular discoveries 
have had a major impact on improving the 
health of the American people. Thus the 
coronary care unit has reduced in-hospital 
death rate in acute myocardial infarction; 
treatment of streptococcal infections has 
decreased the prevalence of rheumatic 
heart disease; new oral diuretic agents - 
and systemic vasodilator drugs have im- 
proved management of congestive heart — 
failure; cardiac catheterization has al- - 
lowed for effective surgical therapy by — 
accurate assessment of cardiovascular 


disorders; the extracorporeal heart-lung 


machine has made possible the correc- 
tion of congenital heart defects; intra- — 


cardiac prostheses and tissue grafts have 


made replacement of diseased valves 
possible; artificial pacemakers have 
prevented premature death from heart 
block; and advances in vascular surgery 
now permit replacement of aortic aneu- 


rysms and occluded major vessels. Fur- _ 


thermore, the widespread implementation 
of this new knowledge has permitted 
major inroads on clinical cardiovascular 
disorders, thereby demonstrating that . 
augmented health research enhances 
rather than competes with health care 
delivery. 

As a result of the rapid and remarkable 
progress in procedures for the direct di- — 
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f “agnosis of heart disease and the evalua- 

. tion of cardiocirculatory function, cardiac 
ARE catheterization has become relatively well 
_ defined and standardized. During the past 
. 5 years, increasing attention has been 
ry | given to the development of improved 
Beadntwesive techniques that provide reli- 
E able information about cardiovascular 
4 disease and that pose no threat to patient 
. safety; these methods include echocar- 
- diography, nuclear cardiology and am- 
. bulatory electrocardiographic monitor- 
. ing. 

. The improved diagnostic and thera- 
. peutic armamentarium that constitutes 
. modern clinical cardiology is not inex- 
ie pensive, and progress is neither automatic 
- nor cheap. However, today the cardio- 
B5 vascular specialist is able to offer patients 

— With all types of heart disease a better 
quality of life and extension of longevity. 
x aforementioned advances in cardio- 
Y . vascular patient care are attributable to 
the enlarged programs of research, edu- 
E E cation and community service supported 
i by public, private and professional inter- 
. ests working together to improve pre- 
ie vention, diagnosis, management and re- 
- habilitation. 

- It should be emphasized that our suc- 
cesses have been principally in the 
- treatment of heart diseases, once they 
. become clinically manifest. Clearly, future 
. progress demands innovations in popu- 
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— Dean T. Mason, MD, FACC is professor of 
— medicine, professor of physiology and chief of 
X cardiovascular medicine at the University of 
—. California, School of Medicine, Davis, Cali- 
- fornia, and the University of California at 
— Davis-Sacramento Medical Center, Sacra- 
. mento, California. He came to his present 
. position in 1968 from the National Heart, Lung, 
4 P Blood Institute at the National Institutes of 
_ Health in Bethesda, Maryland, where he had 
_ been attending physician and senior investi- 
AS - gator and assistant section director of car- 
N  diovascular diagnosis in the Cardiology Branch 
i since 1963. A native of Berkeley, California, 
by . Dr. Mason received his MD degree from Duke 
ee School of Medicine in 1958. After 
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lation cardiology and primary prevention, 
coupled with improvements in the more 
traditional approach of managing symp- 
tomatic cardiovascular disorders. Such a 
unique coordination of preventive and 
traditional cardiology has been effectively 
established at our institution (The Uni- 
versity of California at Davis) between the 
Department of Cardiovascular Medicine 
and the Department of Community Health. 
Indeed, combined efforts in this area have 
led to the development of cooperative 
teamwork between the two departments 
in our highly successful National Institutes 
of Health-sponsored preventive cardiology 
clinics for hypertension detection and 
follow-up (HDFP program), multiple cor- 
Onary arterial risk factor intervention in 
asymptomatic adults (MRFIT program) and 
aspirin therapy in patients after myocar- 
dial infarction for secondary coronary 
prevention (AMIS program). 

Many other preventive measures are 
necessary for implementation. To mention 
a few such activities, we are involved in 
studies designed to reduce myocardial 
infarct size and subsequent morbidity and 
mortality; and the use of certain antiar- 
rhythmic agents to reduce the frequency 
of sudden death in persons identified as at 
increased risk for this lethal complication 
of acute and chronic coronary artery dis- 
ease. In addition, not only should the 
technique of cardiopulmonary resuscita- 


completing his medical internship and medical 
residency on the Osler Service at the Johns 
Hopkins University Hospital in Baltimore in 
196 1, he was clinical associate in the cardi- 
ology branch of the National Heart, Lung and 
Blood Institute from 1961 to 1963. 

Dr. Mason has written more than 500 orig- 
inal articles on several aspects of cardiovas- 
cular science and clinical cardiology; he 
serves on the editorial boards of The American 
Journal of Cardiology, Journal of Clinical In- 
vestigation, Circulation Research, Circulation, 
Chest, Drugs, Clinical Pharmacology and 
Therapeutics, Catheterization and Cardio- 
vascular Diagnosis, Journal of Electrocardi- 
ography and Heart and Lung. He is the author 
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tion be taught to relatives of patients with 
coronary disease but also such instruction 
in resuscitation should be established in 
high school core curricula. 

In the same vein, another of the most 
important obligations of our profession is 
to improve our communication with the 
public who, after all, finance medical re- 
search and patient care. They have a right 
and need to know about our work, 
knowledge, problems and opportunities 
for progress as they relate to the better- 
ment of society. We need to make medi- 
cine less of a mystery and to improve the 
art of talking about science with the press 
and news media. 

Finally, | would be quite lacking in ap- 
preciation at this poignant time for me if 
| were not to recognize the many persons 
whose support over the years has enabled 
me to become your President. | thank my 
cardiology faculty, fellows and staff, for its 
dedication, talent, excellence and reas- 
suring esprit-de-corps. To my parents, and 
especially to my wife Maureen and my 
daughters Kathleen and Alison, | am 
grateful for the love, devotion, patience 
and understanding that have helped me 
find my way and have given me the se- 
curity that | need never stand alone. 


Dean T. Mason, MD, FACC 
President 
American College of Cardiology 





of the recent textbook Congestive Heart Fail- 
ure published by Yorke Medical Books, Dun- 
Donnelley Publishing Corporation, New York 
City in 1976. He is past president of the 
Western Society for Clinical Research and 
member of the American Board of Internal 
Medicine subspecialty board on Cardiovas- 
cular Diseases. Dr. Mason is recipient of the 
American Society for Pharmacology and Ex- 
perimental Therapeutics' Award in Experi- 
mental Therapeutics in 1973, the American 
Therapeutic Society Research Award in 1965 
and the Theodore and Susan B. Cummings 
Humanitarian Awards in 1972, 1973 and 1975 
from the U.S. State Department and the 
American College of Cardiology. 
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Calendar of Continuing Medical Education Programs 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant, 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists, educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing Education 
Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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To be Preceptorships in Cardiology. Ar- 
arranged thur Selzer, FACC, director. Pacific 
individ- Medical Center, San Francisco, 
ually Calif. 


APR. Cardiology for the Consultant: A 

4-13 Clinician's Retreat. E. Grey Di- 
mond, FACC, James E. Crockett, 
FACC and Arthur D. Hagan, FACC, 
directors. Rancho Santa Fe Inn, 
Rancho Santa Fe, Calif. 


APR Echocardiography for the Clini- 

13-15 cian. Nathaniel Reichek and Joel 
Morganroth, FACC, directors. The 
Hilton Hotel of Philadelphia, Phil- 
adelphia, Pa. 


APR Vectorcardiography: Advanced 

13-15 | Workshop. Alberto Benchimol, 
FACC, director. Scottsdale Hilton 
Hotel, Scottsdale, Ariz. 


APR. Consultant's Course in Cardiology. 


18-22 Simon Dack, FACC, director and 
Michael V. Herman, FACC, Richard 
Gorlin, FACC and Louis E. Teich- 
holz, FACC, co-directors. Mount 
Sinai Medical Center, New York, 
N.Y. 
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APR. A Symposium on Cardiovascular 

25-28 Nursing. Henry J. L. Marriott, FACC 
and Leo Schamroth, FACC, direc- 
tors. Sheraton Sand Key Hotel, 
Clearwater Beach, Fla. 


APR. New Approaches to Cardiac Di- 

28-30 agnosis. Arthur Selzer, FACC and 
Keith E. Cohn, FACC, directors. 
Fairmont Hotel, San Francisco, 
Calif. 


MAY Clinical Auscultation of the Heart. 

11-13 W. Proctor Harvey, FACC, director. 
Georgetown University Medical 
Center, Washington, D. C. 


MAY Correlation of Noninvasive Meth- 

12-13 ods in Cardiovascular Diagnosis. 
Arnold M. Weissler, FACC, director 
and Sandra M. Leitner, co-director. 
Harper Hospital Division, Harper- 
Grace Hospitals, Detroit, Mich. 


MAY Asymptomatic Coronary Artery 

12-14 Disease—Early Detection and 
Management. C. Richard Conti, 
FACC, director and Lamar Cre- 
vasse, co-director. Innisbrook Golf 
and Resort Club, Tarpon Springs, 
Fla. 


MAY New Concepts in Clinical Electro- 

27-29 . cardiography. William J. Mandel, 
director. Century Plaza Hotel, Los 
Angeles, Calif. 
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JUNE Echocardiography —Fundamen- 

7-10 tals and New Developments in 
Cardiac Ultrasound. Arthur D. 
Hagan, FACC, director and Joel S. 
Karliner, FACC, co-director. Town 
and Country Hotel, San Diego, 
Calif. 


AUG. Tutorials in the Tetons: Cardiac 
21-23 Emergencies (Third Annual). 
Robert S. Eliot, FACC, director and 
Alan D. Forker, FACC, William P. 
Nelson, FACC, Robert J. Davis, — 
FACC and Gerald L. Wolf, co-di-  . 
rectors. Jackson Lake Lodge, 
Moran, Wyo. | 





_ INSTRUCTIONS FOR AUTHORS — 


|. THE WHOLE PAPER 


-œ Address manuscript to Managing Edi- 


tor, American Journal of Cardiology, 
- 666 Fifth Ave., New York, NY 10019. 
` « Submit two copies of all elements of 


the article: text, references, legends, ta- 


..— bles and figures. 


e Arrange the paper in this order: (1) 


-. title page; (2) abstract; (3) text; (4) ref- 
- erences; (5) legends; (6) tables; and (7) 
- figures. 

. * Number all. 
- quence, beginning with title page as 1, 


pages in above se- 


abstract as 2, etc. 


œ Type all matter: (1) on 8/5 X 11 
opaque white bond paper; (2) in dupli- 


— cate; (3) on one side of each sheet only; 


. (4) double-space; (5) leave wide mar- 
. gins, all four sides. 


. THE TITLE PAGE 


= æ Include first names, degrees and, 
- where applicable, FACC for all authors. 
-e Provide a short running title of 3 to 6 


words. 
e Insert at bottom: name and address 


: of institution from which work originated 
-plus information about grants. 


ae Add at bottom the phrase "Address 


-for reprints: . ..'"' followed by full name 


; . and address with zip code. 
-— THE ABSTRACT 


_ e Limit words as follows: 100 to 250 


words for major articles; 50 to 100 
words for case reports. 
e Add at end of abstract: list of 2 to 6 


-key words and subjects for indexing. 
THE TEXT 


<e Type in duplicate; double-space. 

=_e Do not use abbreviations such as 
- .SVC, WPW: write out; superior vena 
- cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 


and the like) as recommended in the 


— Style Manual for Biological Journals, 
American Institute of Biological Sci- 


- ences, 3900 Wisconsin Avenue, N.W., 


PAS " 626 


Washington, D. C. 


~ e Cite in numerical order every refer- 
ence, figure and table. (Order of men- 
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The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 


cise articles devoted tc cardiovascular disease. Articles must be contrib- 


uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


a 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
leseents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all bcok references should have specific page numbers) 
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“No other N 
telephone monitoring 
system gives you 
more pacer — and 
patient — data. ” 
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used system for complete, convenient post-implant 
surveillance of the pacer patient... by telephone to just 
about anywhere in the world. 


PACER-CHECK transmits and records pacer rate and/or 
interval, a clear, accurate patient ECG with pacer 
artifact... even pulse width, or duration. It's the first 
transtelephonic system to offer pulse-width measurement 
capability. An easy-to-use Medic Unit for the physician 

or technician, and a lightweight, battery-powered Patient 
Unit with wrist-band electrodes complete the 
PACER-CHECK system. Just a 2-minute telephone call 
gives you the data you need for thorough patient follow-up 
at any time. And gives the patient a feeling of confidence 
not otherwise possible. 


A regular program of monitoring with PACER-CHECK 

can help prolong useful pacer life, often obviating the need 
for premature or emergency replacement. Clinicians have 
found PACER-CHECK also invaluable in arrhythmia 
monitoring and drug titration of other cardiac patients. 


An ESB Medcor representative will show you how it can 
pay — in many ways — to offer PACER-CHECK monitoring 
for your pacer patients. For the name of the representative 
in your area, or for a copy of the 24-page "PACER-CHECK 
Handbook," write: ESB Medcor, Inc., 5920 Rodman Street, 
Hollywood, Florida 33023. Or telephone 800-327-9780 
toll-free.* 
*|n Florida call 305-966-5900. 
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No symptoms. —— 
No signs. 
No complaints. 


Yet he was put 
on lipid-lowering 
therap 
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Early intervention — 
a rational approach to the 
management of hyperlipidemia 


Reducing elevated lipid levels is a rational therapeutic goal at any stage 
of the hyperlipidemic process. Lipid lowering is perhaps most logical, 
however, early in the course of hyperlipid- 
emia, when most patients are asymptomatic. ' 


Seemingly well, these patients are usually 
found to be hyperlipidemic when routine 
cholesterol and triglyceride determinations 
are performed as part of an overall clinical 
and laboratory workup. 


If persistent, clinically significant lipid eleva- 
tions are demonstrated — and underlying 
disease states are ruled out through history, 
physical examination, and appropriate labo- 
ratory tests — a diagnosis of primary hyper- 

! lipidemia is confirmed. 





Dietary modification directed at correcting the specific lipid abnormality 
should be instituted as the first therapeutic step, but often fails to lower 
the lipids sufficiently. 


This is the best time to add ATROMID-S, an antilipidemic agent, to the 
regimen. Early, effective, and continuous lipid lowering is important in 
the successful management of hyperlipidemia. 
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Routine testin for both EMONG, 
and triglycerides recommended 


The concept of early intervention is gaining acceptance in dealing with 
the nationwide epidemic of hyperlipidemia: As a result, there is a trend 
toward increased screening of both asymptomatic patients and blood 
relatives of hyperlipidemic patients. “Because history and physical exam- 
ination are limited in their ability to detect these disorders [hypercholes- 
terolemia and hypertriglyceridemia], it now appears mandatory that each 
physician screen each patient routinely for lipid abnormalities just as one 
now routinely gets a hematocrit, a urinalysis or a fasting blood sugar in the 
course of an annual physical examination." 


Hyperlipidemia 
Atromid-S 


clofibrate) Capsules 500 mg. 


See next page of advertisement for prescribing information, 
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Hyperlipidemia — a factor you can do 
something about You cannot change your patient's heredity. 


- Or sex. Or age. But you can help alter other factors in his profile: improper 

diet, excessive smoking, hypertension and hyperlipidemia. While diet is 

= n yos the starting point in the management of 

primary hyperlipidemia, it is not always suc- 
cessful. As Zelis? points out: "Dietary control 
requires strong motivation and self-discipline 
that not every patient is able to exercise." 
And even under carefully monitored dietary 
regimens, lipid lowering may be inadequate. 
For these reasons, it is often necessary to add 
an antilipidemic agent such as ATROMID-S to 
produce significant reductions in serum lipids. 





. Atromid-S (ciofibratey — to help reduce 


elevated levels of cholesterol 
and/or triglycerides when diet alone 


isnot enough ATROMID-S as an adjunct to diet has a proved 


record of effectiveness in lowering elevations of both cholesterol and 
triglycerides. Lipid lowering is sustained as long as ATROMID-S treatment 
is uninterrupted. The drug is effective in a simple, well-accepted regimen 


- that patients can stay with. Initial and maintenance dosage is 2 Gm. daily, 


in divided doses. Some patients may respond to a lower dosage. The 
lipid-lowering effect of ATROMID-S is usually noted during the first month 


- of therapy. The higher the initial level, the greater the lipid reduction likely 


to occur. If response is inadequate after three months, the drug.should be 
discontinued. However, if xanthoma tuberosum is present, treatment should 
be continued for longer periods (even up to one year), provided there is 


as a reduction in the size and/or number of the xanthomas. 


Significantly lowers cholesterol and triglycerides in patients 
with elevated serum levels of both lipids? 











Mean values (mg.%) of Cholesterol MEENEEEEN — Triglycerides TREE Gil I 
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Years 1 2 3 4 5 6 7 8 
No. of patients 50 GENE 50 49 32 
42 Bem 42 42 29 


Significantly lowers elevated serum cholesterol levels in patients 
with normal triglyceride values (—150 mg./100 ml.)? 


Mean value (mg.%) of Cholesterol! SIRT 





Years 1 2 3 4 5 6 7 8 
No. of patients 8 Sa 8 7 3 


Adapted from,Berkowitz, D2 


IF GIVEN IN CONJUNCTION WITH ANTICOAGULANTS 
WARNING: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN 


CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT SHOULD BE 
REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 
THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICA- 
TIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 
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Atr omid-S clofibrate) 
helps control the lipid factor 










| 

Initial and maintenance 

| dosage: 2 Gm. daily (four 
capsules), in divided 
doses. Some patients may 
respond to a lower dosage. 

| 








BRIEF SUMMARY 


(For full prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 
Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as adjunctive therapy 
to diet and other measures for the reduction of elevated serum 
cholesterol (especially the beta lipoprotein fraction) and/or tri- 
glycerides. Clofibrate appears to have a greater depressant 
effect on the very low density lipoproteins (St 20-400) rich in 
triglycerides than the low density lipoproteins (Sr 0-20) rich in 
cholesterol. 

ATROMID-S is also indicated for treatment of patients with 
xanthoma tuberosum associated with hyperlipidemia, The skin 
lesions frequently regress with clofibrate 

j 


It has not been established whether the drug-induced lowering 
of serum cholesterol or lipid levels has a detrimental, beneficial, 
yr no effect on the morbidity or mortality due to atherosclerosis 
or coronary heart disease. Several years will be required before 
current investigations will yield an answer to this Question: 
CONTRAINDICATIONS: Clofibrate is contraindicated in. preg- 
nant women. While teratogenic studies have not demonstrated - 
any effect attributable to clofibrate, it is known that serum Of 
the rabbit fetus accumulates a higher concentration of clo- 
fibiate than that found in maternal serum, and it.is. possible 
that the fetus may not have developed the enzyme systent 
required for the excretion of clofibrate. 

It is contraindicated in lactating women since it is not known 
if clofibrate is secreted in the milk. 


It is contraindicated in patients with. clinically significant, 
hepatic or renal dysfunction. 

It is contraindicated in patients with primary biliary cirrhosis 
since. it may raise the already elevated cholesterol in these 
cases. 

WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTI- 
COAGULANTS ARE GIVEN IN CONJUNCTION WITH 
ATROMID-S. THE. DOSAGE OF THE ANTICOAGULANT s 
SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPEND- 
ING ON THE INDIVIDUAL CASE) TO MAINTAIN THE PRO- 
THROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN 
DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL 
HAS BEEN STABILIZED. 


Strict. birth control procedures must be exercised by women 
of childbearing potential. In patients who plan to become 
pregnant, clofibrate should be withdrawn several months 
before conception. Because of the possibility of pregnancy 
occurring despite birth control. precautions in patients taking 
clofibrate, the possible benefits of the drug to the patient 
must be weighed againsi possible hazards to the fetus. 


PRECAUTIONS: Before instituting therapy with clofibrate, 
attempts should be made to control serum lipids with appro- 
priate dietary regimens, weight loss in obese patients, control 
of diabetes mellitus, etc 

Because of the long term administration of a drug of this nature, 
adequate base line studies should be performed to determine 
that the patient has significantly elevated serum, lipid levels. 
Frequent determinations of serum lipids should.be obtalned dur- 
ing the first few months of ATROMID-S administration, and 
periodic determinations thereafter. The drug should be with- 
drawn after three. months if response is inadequate. However, in 
the case of xanthoma tuberosum, the drug should be employed 
for longer periods (even up-to one year) provided that there is a 
reduction in. the size and/or number of the xanthomata. 


Subsequent serum lipid determinations should be done to 
detect a paradoxical rise. in serum cholesterol or triglyceride 
levels. Clofibrate will not alter the seasonal variations of serum 
cholesterol peak elevations in-midwinter and late summer and 
decreases in fall and spring. If the drug. is. discontinued, the 
patient should be placed on an appropriate hypolipidemic diet, 
and his serum lipids should be monitored until stabilized, as a 
rise in these values to or above the original base line may occur. 
During clofibrate therapy, frequent serum transaminase determi- 
nations-and otber liver function tests should be performed since 
the drug may produce abnormalities in these parameters. These 
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effects 
Hepatic bio 
function tests 


those patiénts with a past history of jaundice or hepatic disease. 
Clofibrate may produce “flu hike" symptoms (muscular aching, 


soreness 
from actual viral 


caution 


and more fre 
patients io Nave 
Various t 
clofibrate. 


steadily rise or 
the drug should be withdrawn. .The 


ramping) 
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reported. Whether this is 
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ardiac arrnythmias have been reported with 


are usually reversible. when tne grug is discontinued. 
psies are ! 


isvally within normal limits. 4f the hepatic 
show excessive. abnormalities, 
erefore. use with caution in 


should differentiate. this 


terial disease, 


The physician 
ulcer since réactivation 
drug-related is unknown. 


peptic 
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reported in 
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leukopenia have been 
taking clofibrate. 


the use oj 


Several. investigati lave erved in their studies that cloti- 
brate may produce a decrease in cholesterol linoleate but an 
increase in paimitoleaie and oleate, the latter being considered 
itherogenic.in experimental anima The significance of this 
Andina is unkr n at this time 


ADVERSE REACTIONS: Of.the pertinent 
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muscie cramping, 
and pruritus; 
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ally Dy Systems 
ardiovascular 
Increased or dec 
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and abdominal distress 


acning, 
dry bnttle hair, 


reported adverse 


eactions, the most 
Lt SS frequer tiv. encc untered ga: trointesti 


dyspepsia, flatulence, 
reported less often than 
are headache, dizziness, and tatigue; 
and weakness; skin rash, urticaria, 
and alopecia 
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reactions are listed alphabeti 
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Bou decidetoadd  .. 


“a lipid- owering agent early i in 


irdiac arrhythmias 
Both swelling a phlebiti it xanthomas 
Dermatologi 
Skin rash 
Al 0O p ecia 
Aside. react d c t 
D Kin and ary Orittie na 
Pr rity 
K Gastrotr testinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal dis 
tres S} 
hepatomegaly (not associated with hepatotoxicity) 
Yomitt ig 
Stomatitis anc triti 
Genitourinary 
impotence ang ( et DIC 
Findings consistent with renal dysfunction as evidenced by 
dysuria, hematuria, proteinuria eereased urine tpu 
One. patient enal DIOpSy uggested allergic reaction E 
reéematolog! e> mome 
Leukopenia 
roteniial | Oaguiant eit l 
Ane! lia 
Eosinoonilia 
Musculoskeletal 
Myalgi LIT ( rampingog, aching, WeaKness) 
[ lu Ke Viti) t 
Arthralgia 
Neurclogic 
Fatigue veaKkne drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight ga 
Polyp gia 
eawavdoratory ringing 
=< Abnormal liver function tests as evidenced by | reased trans 
am last eit ie i : 2 | & H | tio! al d eased 
Inymol turbidity 
Proteinuria 
imcrea ] j DNOSPI Kina 
Reported adverse ICtiONS v e dire elationship with the 
org. na Ol Dt ibushed: peptic ulcer, gastroint nai 
i'emorrmnag Q1toid arthriti tremors, increased perspira 
ti VSU i í erythemat is, DiIurred vision, qynecoma 
a, thy IDOGVIODpt purpura 
DOSAGE AND ADMINISTRATION: he rt nended 
dosage t ju Tu gaity divided- dosi Some 
Date may resi J t 1 lower dosage 
Maintenance al is | tial dosaa 
Note: In childre fficient dies have been done to show 
DRUG INTERACTIONS: Cautio: hould be pxereresd when 
ani ig i ire given in conjunction with ATROMID-S 
fibrat The d Je of the anticoagulant nould be 
ec y depend 1 ( the individual case 
) inta | [ rombin time at the desired level to pre 
t eeding ition Frequent prothrombin determina- 
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Image Clarity in Your Cine Film? 





The Jamieson Model 54 offers these advantages: 


1. Precise temperature control of chemistry. 
2. Optimal agitation. 


3. Variable transport speed...up to 70 ft. per 
minute. . | | | Á  |.J—-—  - ill BE 


4. Recirculation of chemicals. n B" 
5. Exacting replenishment rates. [Cm 





The precise control of these variables is how 
Jamieson fulfills the need for high quality 
diagnostic images. 


i Call, write or clip coupon and mail today for more details. 
"i Call toll free Continental USA (except Texas) 1-800-527-2298, Telex: 73-0932 
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MER E A CESAS E MM E RM 
Please send information on Jamieson Model 54 Processor and a list of users. 
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ergometer and rower 


Finland's leading physical fitness institutions helped design the Tunturi er- 
gometer and rower. The ergometer offers variable watt load range of 25 to 300 w. 
(450 to 1800 kpm/min.) @ 50 rpm. At $340, it is ideal for home cardio pulmonary 
rehabilitation prescription. The new Tunturi rower, at $250, has adjustable oar 
resistance, and is excellent for total body conditioning. 


" Sauna, 
Pos Fitness Equip 

P.O. Box 
Bellevue, WA 9 
Call collect: 206-454. 
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GREENWALD 


Nyboer Esophageal Electrode 
FOR ESOPHAGEAL CARDIOGRAPHY 


Greenwald’s Nyboer Esophageal Electrode incorporates 

many superior features in a design which can be used with any 
standard electrocardiograph. The esophageal electrocardiogram 
is recorded with the electropositive deflection directed 

upward and the electronegative deflection directed downward; 
therefore, results can be compared with precordial exploratory 
electrocardiograms which are recorded in the same way. 


TA oit Mida sin Greenwald Nyboer Esophageal Electrodes are available in à 
S OPERE etatione” TIN styles with from one to fifteen contact stations spaced at 5 CM y 
intervals on a 75 CM soft rubber catheter tube. Exploratory vg 
de | leads can be selected systematically from any point behind 
E- “Sp GREENWALD = | the heart by connection to the proper station on the terminal 
. A board. Separate flexible internal wires make connection 
between each contact station and its corresponding terminal 
board binding post for connection with the 
electrocardiograph. The technique for passing the tube 
is the same as with other enteric tubes. 

















Call 219/962-1604 or write today for 
Greenwald's catalog of superior Electro- 
Surgical and Urological instruments 
and accessories. 











stations . 
D. Bakelite® t 


nonreserpine 


Each tablet contains: 
Catapres8, brand of clonidine hydrochloride, and 
0.1 or 0.2 mg and chlorthalidone, 15 mg 


The only major new 
combination antihypertensive 


in a decade 


o ——————— — ee 0 


Please see brie! summary of the prescribing information including | 
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Cormibipresoe..e 


Each tablet contains: 
Catapres? brand of clonidine hydrochloride, 
0.1 or 0.2 mg and chlorthalidone, 15 mg 


Works better than either 


component in equivalent 
doses* 


. Works in mild to severe 
hypertension 


Works conveniently for 
patients who need more 


. than one drug* 


‘Works for less than the 


cost of separate Rxs* 


Works and works and 
works — convenience and 
economy promote long- 
term patient compliance 


*Combipres is not indicated for initial therapy of 
hypertension. It is indicated for hypertensive 
patients who need more than one drug for ade- 
quate lowering of blood pressure and who have 
proved to be responsive to its components given 
separately in dosages equivalent to those in 
the combination. 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination 


represents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 





Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with 


r 
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- severe renal or hepatic diseases. 
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Warnings: Tolerance may develop in some 
instances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on 
possible adverse effects in pregnant women is 
limited to uncontrolled clinical data, the drug is 
not recommended in women who are or may 
become pregnant unless the potential benefit 
outweighs the potential risk to mother and fetus. 
Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and asso- 
ciated subjective symptoms such as nervousness, 
agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been 
recorded after cessation of clonidine hydro- 
chloride therapy. A causal relationship has not 
been established in these cases. It has been 
demonstrated that an excessive rise in blood 
pressure, should it occur, can be reversed by re- 
sumption of Combipres therapy or by intravenous 
phentolamine. Patients who engage in potentially 
hazardous activities, such as operating machinery 
or driving, should be advised of the sedative 
effect of the clonidine hydrochloride component. 
This drug may enhance the CNS-depressive 
effects of alcohol, barbiturates and other seda- 
tives. Like any other antihypertensive agent, 
Combipres should be used with caution in 
patients with severe coronary insufficiency, 
recent myocardial infarction, cerebrovascular 
disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for 
some dryness of the eyes, no drug-related 
abnormal ophthalmological findings have been 
recorded with Catapres, in several studies the 
drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated 
for 6 months or longer. 

Patients predisposed toward or affected by 
diabetes should be tested periodically while 
receiving Combipres, because of the hyper- 
glycemic effect of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is 
indicated. If, in the physician's opinion, a rising 
BUN is significant, the drug should be stopped. 
The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. 
Muscular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to 
detection of hypokalemia in patients receiving 
adrenal corticosteroids, ACTH or digitalis. Hypo- 
chloremic alkalosis often precedes other evi- 
dence of severe potassium deficiency. Frequently, 
therefore, more sensitive indicators than the 
potassium serum level are the serum bicarbonate 
and chloride concentrations. Also indicative of 
potassium depletion can be electrocardiographic 
alterations such as changes in conduction time, 
reduction in amplitude of the T wave; ST segment 
depression; prominent U wave. These abnormali- 
ties may appear with potassium depletion before 
the serum level of potassium decreases. To lessen 
the possibility of potassium deficiency, the diet, 
in addition to meat and vegetables, should in- 
clude potassium-rich foods such as citrus fruits 
and bananas. If significant potassium depletion 
should occur during therapy, oral potassium 
supplements in the form of potassium chloride 

(3 to 4.5 gm/ day), fruit juice and bananas should 
be given. 

Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to 
diminish with continued therapy. 
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Clonidine hydrochloride: Anorexia, malaise. nau- 
sea, vomiting, parotid pain, mild transient abnor- 
malities in liver function tests; one case of possible - k 
drug-induced hepatitis without icterus and hyper- . Ji 
bilirubinemia in a patient receiving clonidine ~ $ 
hydrochloride, chlorthalidone and papaverine — -. 
hydrochloride. Weight gain, transient elevation dd 
blood glucose, or serum creatine phosphokinase; - 
congestive heart failure, Raynaud's phenomenon; — A 
vivid dreams or nightmares, insomnia, other j 
behavioral changes, nervousness, restlessness, a 
anxiety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning ofthe — 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to Wee 
alcohol, dryness, itching or burning of the eyes, - E 
dryness of the nasal mucosa, pallor, gynecomas- — 
tia, weakly positive Coombs’ test, asymptomatic - a 
electrocardiographic abnormalities manifested 
as Wenckebach period or ventricular trigeminy. 3 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramp- jos 
ing, weakness, dizziness, transient myopia and i 
restlessness are occasionally observed. Head- 
ache and impotence or dysuria may occur pest 
Orthostatic hypotension has been reported and 
may be potentiated when chlorthalidone is com: 
bined with alcohol, barbiturates or narcotics. Lf 
Skin rashes, urticaria and purpura have been 
reported in a few instances. e ji 
A decreased glucose tolerance evidenced by - a ug 
hyperglycemia and glycosuria may develop in- E 
consistently. This condition, usually reversible on - 
discontinuation of therapy, responds to control - d 
with antidiabetic treatment. Diabetics and those - 
predisposed should be checked regularly. 
As with other diuretic agents hypokalemia may - yY 
occur (see Precautions). Hyperuricemia may be 3 
observed on occasion and acute attacks of gout Fe j 
have been precipitated. In cases where pro- — 3 


GM 











longed and significant elevation of blood uric 

acid concentration is considered potentially de- 
leterious, concomitant use of a uricosuric agent — 
is effective in reversing hyperuricemia without 


Idiosyncratic drug reactions such as aplastic - a: 
anemia, thrombocytopenia, leukopenia, agranu- - P 





locytosis, and necrotizing angiitis have occurred, 
but are rare. : B 
The remote possibility of pancreatitis should be se 
considered when epigastric pain or unexplained - 
gastrointestinal symptoms develop suer pro- 
longed administration. a 
Other adverse reactions which have hen rue 
reported with this general class of compounds 
include: jaundice, xanthopsia, paresthesia 
and photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 3 
Profound hypotension, weakness, somnolence, - 2 
diminished or absent reflexes and vomiting fol- — . 
lowed the accidental ingestion of Catapres by Axa 
several children from 19 months to 5 years of r 
age. Gastric lavage and administration of anana- — 
leptic and vasopressor led to complete recovery a 
within 24 hours. Tolazoline in intravenous doses 
of 10 mg at 30-minute intervals abolishes all — 
effects of Catapres overdosage. "A 
Chlorthalidone: Symptoms of overdosage include - ET 
nausea, weakness, dizziness, and disturbances - <a 
of electrolyte balance. There is no specific anti- — 
dote, but gastric lavage is recommended, fol- 1 
lowed by supportive treatment. Where necessary, - S 
this may include intravenous dextrose and saline - a 
with potassium administered with caution. d 
How Supplied: Combipres® 0.1 (Each tablet 
contains clonidine hydrochloride 0.1 mg + 


chlorthalidone 15 mg). It is available as pink, $ 
oval, single-scored compressed tablets in bottles d 
of 100. E 
Combipres® 0.2 (Each tablet contains clonidine à 


hydrochloride 0.2 mg + chlorthalidone 15 mg). > 
It is available as blue, oval, single-scored com- . 
pressed tablets in bottles of 100. 5 
For complete details, please see full prescribing 
information. i 
Under license from Boehringer Ingelheim GmbH 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 4 
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igembas Mingograf 62 takes the 
routine clerical work out of routine ECGs. 

-For high-volume, economical produc- 
tion of routine ECGs, the six-channel, auto- 
matic Mingograf 62 is your ideal choice. 
—  Sixleads are traced simultaneously 
fitting all 12 leads on a single 7"X 11" 
sheet, eliminating tedious cutting and 
mounting, and minimizing the possibility 
of record mis-identification. 

The exclusive Siemens ink-jet record- 
ing system gives you crystal clear curves 
in record time, and operating costs are a 


tiny fraction of those with comparable 
three-channel units. 

For complete information on the ver- 
satile Mingograf 62, call (201) 494-1000 
or write Siemens Corporation, Medical 


Systems Division, 186 Wood Avenue South, 


Iselin, N.J. 08830. In Canada, write 
Siemens Canada Limited, PO. Box 7300, 
Pointe Claire 730-P.Q. 





SIEMENS 
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Under age 20: Awarning sign 


Parents with high serum cholesterol tend to have high 
cholesterol children. The earliest possible identification 
of the trait makes lifetime dietary control possible. 


At age 35: Prematurely high 


If no other risk factor is present, there is only a 1% (one in 

100) chance of developing coronary heart disease within 

the next six years. If the cholesterol level is 210, this risk 

is reduced by half. But for a cigarette smoker with a sys- 
tolic blood pressure of 165, there is a threefold increase 

in risk. 

At age 50: Risk of CHD increasing 


With no other risk factors to be considered, the males six- 
year risk of developing coronary heart disease has in- 
creased to over 5% (five in 100). For a female with the 
same cholesterol level, the risk is less than 2%. Male 
smokers have an 8% risk and if they also have a systolic 
blood pressure of 165, the six-year risk rises to 13%. 


Source: Coronary Risk Handbook: Estimating Risk of Coronary 
Heart Disease in Daily Practice, American Heart Association. 
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Do your patients know 
their serum cholesterol level? 


Because of the increased risk from an elevated cho- 
lesterol, the American public is being advised to have 
cholesterol tests done frequently. Many prominent 
authorities, for example, think that every adult male — 
including physicians—should have his cholesterol mea- 
sured once a year. 


Although average cholesterol levels are substantially 
higher, most cardiologists consider a cholesterol level be- 
tween 175 and 190 mg. per 100 ml. of blood to be a safe 
range, with the upper limit of normal in adults about 
220 mg./ml. But the serum cholesterol of middle-aged 
Americans has risen, according to some estimates, to a 
point where 85% of us have a level above 200 mg. 


Dietary control the first step 


To cope with this widespread problem, dietary control is 
the first step in therapy — based on a general rule of de- 
creasing total fat consumption to a third of daily calories, 
with no more than 10% of fat calories from saturated fats 
and an equivalent increase of unsaturated fats. Plus, of 
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Send coupon for your Mazola resources file 


- A professional file of patient and physician aids for reduc- 


tion of risk in atherosclerosis and coronary heart disease 


is now available free upon request. Included are four 


patient aids to help your patients live with a E 
cholesterol-control diet and eight physician à 


aids to help you evaluate and educate the & 
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Helps lower serum cholesterol a 
Results of an in-depth study ; 3 
exploring cholesterol-lowering diets a 
a Moderate cholesterol-lowering diet r Bei’ 
Z _— 200 qe 
8a Mean moderate-diet E 
Š x change = 205 mg/dl. P 
J A , 
D 





Adapted from Anderson, J.T., Grande, F, and Keys, A.: Cholesterol- 
lowering diets, J. Am. Diet. Assoc., 62:133, 1973. ` 
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In these trials, a standard diet was modified to E gc 
moderate cholesterol-lowering diet, using skim milk, 2 
lean meats, fish, two eggs a week, poultry, corn oil mar- A 
garine, and Mazola® corn oil. The average decrease in _ 
serum cholesterol in 12 subjects in just three weeks was 
17%. Serum phospholipids decreased 12%. Both changes 
were highly significant. 


Helps diet adherence 


For cholesterol control, long-term adherence is essential. F: 
To gain patient acceptance, the polyunsaturated fats used _ 
must pass the test of taste. For flavor and lightness, - 

Mazola corn oil and corn oil margarine qualify. . 


Just mail this coupon to Mazola Nutrition Information Service, — 


Dept. JRL-1, P.O. Box 307, Coventry, Conn. 06238. X 
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Á CORNERSTONE OF THERAPY IN ANGINA PECTORIS" 





STABILITY 


a highly stable tablet for aborting or 
preventing attacks of angina pectoris 


ISORDIL SUBLINGUAL Tablets retain their potency without significant loss or 
variation for at least two years under normal conditions* $ 


...fapid onset of action Starts to act almost as fast as nitroglycerin. 


...long duration of action Action is maintained for up to two hours...Dilatation of coronary arteries and 
collateral coronary arteries persists for more than two hours after sublingual administration. 



























*Indications: Based on a review of this drug by the National Academy of Sciences — National Research Council and/or 

other information, FDA has classified the indications as follows: Lat 
“Probably” effective: When taken by the sublingual route, Isordil Sublingual is indicated for the treatment of acute ul T 

anginal attacks and for prophylaxis in situations likely to provoke such attacks. S and 

Final classification of the less-than-effective indications requires further investigation. 







Contraindication: Idiosyncrasy to this drug. 
Warnings: Data supporting the use of nitrites during the early days of the acute ph 
during which clinical and laboratory findings are unstable) are insufficient to 
Precautions: Tolerance to this drug and cross-tolerance to other nite aS ur. | 
Adverse Reactions: Cutaneous vasodilation with flushing. Headache is common and may be saree nd unt 
` Transient episodes of dizziness and weakness as well a signs n cerebral ischemia associated with postural » 
hypotension may occasionally develop. This drug, à vig acit er to norepi je ahrine, acetyich dine 
histamine, and many other agents. An occasior individual exhibits — — Rut px 
marked sensitivity to the ier à | 
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responses (nausea, vomiting. EATUR pallor, 
- perspiration and colla with the usual therapeutic _ 
dose. Alcohol! may 1 





ug rash mig exfoliative 
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There’ a side of cardiac output. 
you ve never seen before. The bedside. 


Automatic, unattended monitoring of cardiac output is now 
available, at the patient’s bedside. 


The Roche automatic thermodilution cardiac output mon- 
itor brings more accurate information to your intensive care 
unit. Operating unattended at statf determined intervals, it 
regulates the injectate temperature, precisely controls the 
injectate volume, and times injections with the patient's 
cardiac cycle. 

Cardiac output data becomes more meaningful with the 
Roche monitor. In addition to providing cardiac output 
values, the Roche monitor prints out stroke volume, heart 
rate and time of determination. A separate recorder is 
available for recording cardiac output curves. 


For cornplete literature on this Roche instrument, mail the 
coupon or contact your Roche Sales Representative. 


FOR PRESCRIBING INFORMATION SEE BACK OF THIS PAGE. 


ROCHE MEDICAL ELECTRONICS INC. 


Subsidiary *Hoffmann-La Roche inc. Cranbury, NJ 08512- 609-448-1200 


[] Please send me detailed literature on Roche instruments 
for cardiac intensive care. 


[] Please have my Roche Sales Representative call to 


arrange an in-hospital demonstration of the Roche 
Automatic Cardiac Output Monitor. 


Hospital Telephone 


Address 





Prescribing Information 


Caution: Federal law restricts this device to sale by or on 
the order of a physician. Before prescribing, please consult 
complete product information provided with the instrument 
and Balloon Catheter, a summary of which follows: 


Indications: Indicated for use in measuring cardiac output 

by the thermodilution method. In addition, the balloon cath- 

eter device can be used to measure right atrial pressure, 

right ventricular pressure, pulmonary artery pressure, and 
` pulmonary capillary wedge pressure. 


Contraindications: In individuals with pulmonary or tricuspid 
artresia extensive enough to block passage of the balloon 
catheter. Frequent administration to neonates may result 
in fluid overload. 


Warnings: Carbon dioxide should be used to inflate the bal- 
loon if there is a possibility that balloon rupture would 
result in air embolism in the left heart or systemic circula- 
tion. Balloon must not be inflated beyond the stated maxi- 
mum inflation capacity. Care must be exercised in patients 
with interatrial or interventricular shunts to assure that the 
catheter is in the pulmonary artery. 


UNT a SS or CES 


Side Effects: Complications in the use of balloon catheters 
for cardiac diagnosis and monitoring include infection, per: 
foration of the heart or a great vessel, hemorrhage, cardiac 
arrhythmia, thrombosis, pulmonary embolism instances ol 
balloon rupture without serious sequelae, and knotting of 
the catheter. Care should be exercised when passing the 
catheter in patients with left bundle-branch block because 
right bundle-branch block induced by traumatic catheter 
passage could result in complete heart block and asystole. 


Precautions: Liquids must not be used as balloon inflation 
media since the small diameter of the inflation lumen may 
make it impossible to properly inflate or deflate the balloon. 
In addition, inflating with liquid reduces the catheter's abil- 
ity to flow with the circulation. It is recommended that the 
balloon be inflated in sterile saline prior to insertion to 
assure balloon integrity. Pass the catheter under fluoro- 
scopic guidance with continuous ECG and arterial pres- 
sure monitoring; confirm placement of the catheter with 
X-ray. DEFLATE THE BALLOON PRIOR TO WITHDRAWAL 
OF THE CATHETER TO AVOID POSSIBLE VALVE 
DAMAGE. 


ROCHE MEDICAL ELECTRONICS INC. 
Roche Inc.,Cranbury, NJ 085 


Subsidiary -Hoffmann-La 


FIRST CLASS | 
i PERMIT NO. 25 
Business Reply Card CRANBURY, N.J. 


NO POSTAGE STAMP NECESSARY IF MAILED IN U.S.A. 





3OCHE MEDICAL ELECTRONICS INC. — — —— | 
SRANBURY, NEW JERSEY 08512 name 


12- 609-448-1200 
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ACCEL™, AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING, 
INVITES YOU TO TAKE ADVANTAGE OF A CONTINUING EDUCATION 
IN CARDIOLOGY —ON AUDIOTAPE CASSETTES 


ACCEL™ offers monthly 60-minute cassettes of clinically- 
oriented discussion of relevance to the daily practice and 
today’s treatment of patients with cardiovascular disease. 
Covered are current controversies and vital new develop- 
ments through special interviews with noted authorities. 
Highlights from meetings of the College and selected panel 
discussion from continuing education seminars provide con- 
stant exposure and valuable information otherwise not easily 
obtainable. Accompanying each tape is a complete index 
which also includes special features such as self-assessment 
quizzes; interpretation of unknown electrocardiograms; 
medical film and tape reviews; and references to important 
reading in the latest medical literature. In addition, 35mm 
slides are often included for both individual and group 
study. 

Attend a conference or seminar without actually being there! 
Subscribe to ACCEL™ today. 
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SELF-ASSESSMENT QUIZ 


The following questions are answered and discussed in recent 
ACCEL™ tapes. 


1. Ductus arteriosus in infants can close in response to 


A. Aspirin therapy 

B. Indomethacin therapy 
C. Either of the above 
D. Neither of the above 


2. Furosemide is generally not a good anti-hypertensive drug 
because 


A. It is too short acting 
B. It is too long acting 
C. It is too toxic 


3. Ina series of 100 positive treadmill tests performed in appar- 
ently normal individuals, ten were ultimately shown to be 
falsely positive. Thus, 

A. The sensitivity of the test is 90% 
B. The specificity of the test is 90% 
C. The relative statistical risk is 90% 





4. Isosorbide dinitrate sublingually has been shown to decrease 


A. After load 

B. Pre load 

C. Left ventricular chamber size 
D. All of the above 


ANSWERS: 
a 
8 '€ 
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Please enter my one year (12 issues) subscription to ACCEL '". I enclose $ 


(U. S. Funds) for the plan 


checked below: (Checks payable to: THE AMERICAN COLLEGE OF CARDIOLOGY, 9650 Rockville Pike, Bethesda, Maryland 20014) 


PLAN A-—Audiocassette subscription only 

U.S. (including Canada and Mexico) ACC members, $70.00 
U.S. (including Canada and Mexico) non-members, $80.00 
Foreign ACC members, $85.00 

Foreign non-members, $95.00 

(Payable only in U.S. Funds) 


ACCEL™ is acceptable for up to twelve elective hours by the 
American Academy of Family Physicians. ACCEL™ is also 
acceptable for the Physician’s Recognition Award of the 
American Medical Association in Category 5(a) on an hour- 
for-hour basis within the 22 credit hour limit for this category. 
Because ACCEL™ is educational material offered by a recog- 
nized non-profit organization, all ACCEL™ subscriptions are 
tax deductible. 


PLAN B—Audiocassette subscription with GE Player/Recorder 
U.S. only—ACC members, $130.00 
U.S. only—non-members, $140.00 


Name "NE TET PIPER a te ee ee eT ee CIEN 


Subscription address 
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Thallium20! ANT, LAO & L LAT Views 
Before Image Enhancement with CIP 


The Clinical Image Processor™ displays a new 
concept in viewing, interpreting and recording 
scintillation camera images. 

Interactive contrast enhancement and back- 
ground subtract controls result in outstanding 
image presentation of those static studies which 
exhibit high background and poor contrast. This 
is valuable in Thallium™ myocardial per- 
fusion imaging and pyrophosphate infarct 
scanning. 

Another important feature in the area of 
nuclear cardiology is the Cardiac Gate 
accessory. By using the R wave of an EKG 
trace as a trigger, and dividing the R-R in- 
terval into a number of equal windows" 
a series of images illustrating ventricular 
wall motion during the cardiac cycle may 
be accumulated. Images can then be re- 
played in a cine mode to instantly study 
regional wall motion in a manner never 
before available. 
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Discover the human resources in Pickersynergy 





our image in 











ic studies. 





Thallium2€! ANT, LAO & L LAT Views 


After Image Enhancement with CIP 


All flow studies can be sequentially collected 
in a multiple image format. Any individual 
image can then be magnified and enhanced 
for further study or the entire series can 
be replayed in cine mode for a dynamic flow 
presentation. 

All functions— contrast enhancement, back- 

ground suppression, magnification, smooth- 
ing,cine and color selection — are conveniently 
controlled. This allows instant interaction 
between the user and the image. 

This is another example of Picker's 
unique human resources benefiting you. 
It's a result of our expertise in the diag- 
nostic modalities of x-ray, ultrasound, 

nuclear, computed tomography, clinical 
laboratory, film systems and therapy. 

Only Picker has all these resources. 

Consult your Picker representative 
or write Picker Corporation, 12 Clintonville 
Road, Northford, CT 06472. 


$ ICKER 
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MILLAR 


PRESSURE 


Catheter Pressure Catheter Velocity / 
Transducer Pressure Transducer 
TO RECORD PRESSURE SENSOR TO RECORD VELOCITY SENSOR 
e PRESSURE AT SOURCE FEATURES e FLUID VELOCITY FEATURES 
e TRUE WAVEFORMS e THERMAL STABILITY e PRESSURE AT SOURCE e LINEAR STABLE OUTPUT 
e PHONOCARDIOGRAMS e EXCELLENT LINEARITY e PHONOCARDIOGRAMS e LOW POWER DISSIPATION 
e HIGH NATURAL FREQUENCY Li BIDIRECTIONAL MEASUREMENT 


Millar MIKRO-TIP* Catheter Pressure Transducers Millar MIKRO-TIP® Catheter Velocity /Pressure 
are available in a variety of configurations. Catheter | Transducers are available in a variety of 


French sizes are from 4F to 8F. One, two or three configurations. Catheter French sizes are from 6F 
pressure sensors may be spaced along a single to 8F. One electromagnetic fluid-velocity sensor 
catheter, some with lumen for blood sampling or and one or two pressure sensors may be spaced 
with lumen for high speed injection. along a single catheter. In the size 8F catheter 


only, a pressure sensor may be placed at the same 
location as the fluid-velocity sensor. 


P. O. Box 18227 
(6001 Gulf Freeway) 
Houston, Texas 77023 U.S.A. (713) 923-9171 
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The Johns Hopkins University School of Medicine is pleased to announce 
the imminent publication of an accredited audiovisual home-study course 


ER ECHOCARDIOGRAPHY: 
b^ Theory and Practice 


opining 
ducation by NICHOLAS J. FORTUIN, M.D., assistant professor of medicine 





This audiovisual, continuing education course is designed to en- 














nile E ! ; | 
able you, the practicing physician, to learn about all aspects of | The Johns Hopkins University AJC | 
1 j i hni for rat rdiac m in School of Medicine 
this helpful, noninvasive technique fo basgia e cardiac mapp g | ilies of Continuing Edusstigi | 
ənd diagnosis...at your convenience, without leaving your practice Audiovisual Programs 
| | 1721 E. Madison Street | 
Course materiels include: | Baltimore, Maryland 21205 | 
| (301) 955-3988 | 
e 10 lectures, carefully edited and recorded on audiotape cassettes; 
, | Please send me your free brochure describing the | 
€ an atlas containing approximately 50 illustrations and 200 ex- | audiovisual home-study course l | 
. cellent reproductions of echocardiograms with explanatory leg- | ECHOCARDIOGRAPHY: Theory and Practice. | 
ends, as well as timed table of contents and references for each | | 
lecture; 
| name | 
€ a self-assessment section of “unknown” tracings. Recorded dis | | 
cussion of correct and incorrect answers. Category | credit | specialty | 
(AMA Physician's Recognition Award) upon successful com- | | 
pletion and return. | address 
» TT : Pi | | 
Anticipated publication date: April, 1977. For further informa | city ene ZP | 


tion, please fill out and return the request form. 


Congestive Heart Failure 


By Dean T. Mason, M.D. 
Chief, Cardiovascular Medicine 
University of California, Davis 


A Must book for your library. This comprehensive and meticulously organized 
text provides thorough and complete coverage of this common classification 
of abnormal heart function. More than 40 of the world's foremost authorities 
onthe subject are contributors to this important new work. Contributors include: 
Sonnenblick, Schwartz, Wikman-Coffelt, Katz, Gunning, Coleman, Amsterdam, 
Covell, Ross, Rackley, Feild, Smith, Williams. 


Dean Mason, editor of the book and author or co-author of many of the chapters, 
has written over 300 original scientific papers On clinical cardiology and cardio- 
vascular research. An up-to-date authoritative text on Congestive Heart Failure 
has been long awaited. Thanks to Dr. Mason and his colleagues, we will not 
have to wait much longer. 


Reserve your trial copy now and receive it right off the press. 


B Publication due early 1976/Approximately 500 double-column pages with 
250 illustrations and extensive references/$35.00 


YORKE MEDICAL BOOKS, 666 FIFTH AVENUE, NEW YORK, NEW YORK 10019 


Please send me. . copies of CONGESTIVE HEART FAILURE. AJC-4/77 
L] | enclose payment (publisher will absorb handling charge). 
O Bill me and add $1.00 for handling charge* 
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*Foreignorders: Add $2.00forsurface shipment; $4.00 for air shipment. Also in New York state, please add appropriate sales tax. 


wlatory Blood Pressure Recorder < 


Light, compact one-piece unit weighs only 25 ounces. 


The Remler patented Ambulatory Blood Pressure Recorder 
has been in use for more than ten years by leading physicians 
and research institutions throughout the world. It is a proven, 
easy-to-use system that relieves the doctor of the time-consum- 
ing traditional auscultatory procedure. 
Now, by miniaturizing circuits and components, we have pro- 
- duced a smaller and easier to wear sing/e-unit version. 

This Model M-2000 records blood pressures during the 
wearer’s working or leisure day. Wearing this unobtrusive, light- 
weight device on a belt, any patient can easily record blood 
pressure data onto the micro-cassette as many as fifty times 
daily. This method totally eliminates bias, and the pressor effect 
of an observer's presence. 

The Remler system is especially useful in determining the 
efficacy of medication in the treatment of hypertension. 


AJC-4/77 à | 
D Company 








Since 1918 ¢« Precision in Electronics 
280 Visitacion Mall « Brisbane, California 94005 USA « (415) 468-3437 


Please send me complete details on the new | 
Remler M-2000 Ambulatory Blood Pressure Recorder. | 


„Name 





Address Picts? ae eR ERE a 


City/State/Zip 





For /out of 10 patients 
your present defibrillator 
may be powerful enough. 


But more important, for 
3 out of 10 it may not be. 

























- Recent studies of de- 
rillation have disclosed 

me disquieting facts: ' the 
ccess rate for defibrillation 
human adults is only about 
% with defibrillators which 
liver 300 watt-seconds 
energy. '* And ''the prob- 
ility of defibrillating a sub- 
t who weighs over 220 
unds is extremely low." * 
hese studies have produced 
e following finding: “*virtu- | 
ly all defibrillators now in 
se have inadequate output 
) defibrillate many human 
dults...’’* 

Because of this, we OSEE 
eveloped the Datascope M/ D2J. A mares 
efibrillator capable of delivering not 300, or the 
ndely available 320, but 460 watt-seconds of 
nergy. Fully 1/3 more energy than most any other 
ortable defibrillator made today. 

Which means,very simply, that you have 
ore capability when you need it. 

But the Datascope M/D2J doesn't just de- 
ver more energy than other defibrillators. It tells 
ou more about what it's delivering. 

It is the only defibrillator in the world that | 










ful measure.) It also reads 
selected delivered energy. — 
And delivered energy into a 


of test lights, or ready lights, - 
all readings are precisely 
shown on a bright digital 
display. 

To this point, we've 
been discussing the M/D2J 


lator. Of course, it'S a mon- 
rillator is an impressive part. 


! ly impressive. The M/D2J 


offers the finest non-fade monitor of any 


monitor/defibrillator in emergency medicine. 
And it offers the new Databank. The first 


ue. 


í—— - 
defibrillation. Which is why... 
current is the truly meaning- — 

M 


SA 
E 


built-in test load. And instead 


A 


as if it were merely a defibril- 


itor/defibrillator The defib- 


1 


Kk. 


But the other parts are equal- 


Es 


m A 
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cassette recording system in emergency medicine. 


An instrument that does away with the bulk of 
paper recording while allowing you to record not 
merely ECG, but also to record the detailed 
management of the patient verbally onto the tape. 

Which means that in addition to offering 
more energy, our system offers more capability 
than any monitor/ defibrillator i in the world. 


pads the current delivered ^ For more h 
the subject duringde- . | RE PIE (Wm information on the — 
ibrillation. (Energy a LS os ee new M/D2J, write: — 


roduces current. But ; 
urrentis what produces «— 


'ACKER, JR., W.A.: ELECTRICAL DOSE FOR ATASCOPE 

“FIBRILLATION. CARDIAC DEFIBRILLATION 
SNFERENCE, PURDUE UNIVERSITY, 

5S. 121-7, OCT. 75. 
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Datascope Corp., 


The new M/D2J 
with Databank. 
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580 Winters Avenue, 
Paramus,N.J.07652. 


MANUAL - 


DE HIPERTENSIO 








John H. Laragh 


- El libro de consulta 
permanente 


- Sobre todos los aspectos 
- de la hipertensión 


— Primera edición española del tratado más 
completo y acreditado sobre hipertensión 
arterial. | 


— — Redactado por un equipo de reconocidos 
especialistas, dirigido por el Dr. Laragh, 
máxima autoridad mundial en este tema. 


— Su amplitud y rigor expositivo: 
—mecanismos, técnicas, diagnósticos y 
tratamiento— hacen de este libro el más 
completo de cuantos se han publicado. 


— Su utilidad en la práctica médica diaria le 
convierte en un libro de consulta . 
indispensable. 


. MANUAL 

. DE HIPERTENSION 
John H. Laragh 

- El más completo tratado 

- para comprender, 


: diagnosticar y tratar correctamente 
la hipertensión 





A126 


Un tratado que reüne las aportaciones de los mejores 
especialistas sobre todos los aspectos de la enfermedad 
hipertensiva, y que por sus características constituye una obra 
fundamental en orden a obtener una más clara comprensión, 
exacto diagnóstico y correcto tratamiento de una enfermedad 
que afecta, en sus diversas formas, al 20 % de la población 
adulta en las sociedades industrializadas. 


Algunos de los autores y temas tratados, extraídos del índice 
general de la obra, poseen una especial significación: 


ge me — eee A— Á— 8 — 9 — 


John H. Laragh: El sistema Renina, causalidad y 
evolución de los pacientes hipertensos. 


Sir George Pickering: Definiciones, Historia Natural 
y Consecuencias. 


Arthur Guyton: Regulación de la presión arterial. 
Mecanismos de Control. 


Edward Freis: Por qué, cuándo y cómo tratar la 
hipertensión. 


Edward Biglieri: Diagnosis de Hipertensión 
Adrenocórtica. 


Frank A. Finnerty: Urgencias hipertensivas. 

Jay N. Cohn: Hipertensión y Corazón. 

Hans Brunner: Renina como Factor de Riesgo. 
Darwin R. Labarthe: Medición de la presión arterial. 


John H. Laragh: Aldosterona, su papel en la 
hipertensión. 


A. Richard Christlies: Diabetes e hipertensión. 
Leon Speroff: Embarazo e hipertensión. 
M.A. Schalekamp: Sodio e hipertensión. 


YORKE MEDICAL BOOKS 
666 Fifth Ave., New York, New York 10019 
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Please send me copy(ies) of Laragh's 
Hypertension Manual — Spanish Edition 
C] | enclose payment of $42.00* (Postpaid). 
L] Bill me. (Add $1.00 handling charge.) 
[] Foreign Orders: Pre-payment required. 
Add $2.00 for surface shipment; $4.00 for air shipment. 


Name 


Address 


Qi. Pa ASE ORS OA ee. i, Ee EE d > 
*[n New York State add appropriate sales tax. 
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How it works 


TELEMED’s new ECG Analysis Program 
has been designed to provide more compre- 
hensive, more clinically useful interpreta- 
tions. 

It uses a decision table format that more 
closely corresponds to the associative logic 


TELEMED COMPUTER ECG ANALYSIS (K.4.1.!) 


PATIENT ID: 798213065 DATE: 10-NOV-76 10:45:47 CENTRAL TIME 


CODE: 0090/67/3/2/6/0/0 


INTERVALS: 
AXES; 


PR = 0.14 


QRS (LIMB) = 0.163 
P = —10 QRS 


QT = 0.43 
T = 23] 


PATIENT DATA: 
PATIENT IS A MALE, 67 YEARS OLD AND OF LARGE BODY BUILD WHO HAS POSSIBLE 
ISCHEMIA/INFARCTION AND IS TAKING ANTIHYPERTENSIVE DRUGS 


INTERPRETATION: 


SINUS RHYTHM 
-RATE = 74 


DECREASING R-WAVE PROGRESSION THROUGH LEFT PRECORDIUM AND ABNORMAL Q-WAVES (I, L 


& V4-V6) WITH ST-SEGMENT AND T-WAVE ABNORMALITIES. THESE CHANGES ARE CONSISTENT 
WITH AN AGE UNDETERMINED—PROBABLY RECENT—ANTEROLATERAL MYOCARDIAL INFARCT 
ST-SEGMENT ELEVATIONS AND T-WAVE ABNORMALITIES (II, 11], F) ARE CONSISTENT WITH 
ADDITIONAL INFERIOR INJURY. QRS DURATION EXCEEDS .12 SEC WITH TERMINAL FORCES 


ANTERIOR AND RIGHTWARD AND WITH UNUSUAL T-WAVE AXIS, CONSISTENT WITH RIGHT BUNDLE 


BRANCH BLOCK AND POSSIBLE TRUE POSTERIOR WALL EXTENSION OF THE LATERAL INFARCT. 
SUPERIOR AXIS DEVIATION MAY BE SECONDARY TO THE LOSS OF LEFTWARD FORCES DUE TO 
LATERAL INFARCT. WITH A SUPERIORLY DIRECTED AXIS AND RBBB, RIGHT VENTRICULAR 
HYPERTROPHY (LESS LIKELY FOR THIS AGE GROUP) CANNOT BE EXCLUDED. WITH SUPERIORLY 
DIRECTED AXIS, FASCICULAR BLOCK MUST ALSO BE CONSIDERED— POSSIBLE BIFASCICULAR 


INTERPRETATION: (SUMMARY) 
SINUS RHYTHM 
-RATE =74 


-ANTEROLATERAL INFARCT—? RECENT 

-INFERIOR INJURY 

—TRUE POSTERIOR EXTENSION 

-RBBB AND SUPERIOR AXIS—? BIFASCICULAR BLOCK 
-R/0 RVH 


ABNORMAL ECG 


Why it works 


Only TELEMED could design a program 
which effectively deals with even unusual 
ECG contours. Because only TELEMED has 
an on-line file of more than 30,000 ECG's 
selected, by design, from the almost 3,000,- 
000 ECG's transmitted to TELEMED's Medi- 
cal Data Center from more than 1,200 facil- 
ities around the country. 

This data base is important. For exam- 
ple, the incidence of Wolff-Parkinson-White 
syndromeis 1 in 5,000. In less than 10 months 
only TELEMED could build an on-line file of 
500 cases of WPW from which to construct 
relevant decision tables to recognize this 
infrequent ECG pattern. This experience is 
about 100 times the likely case load of a 
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The New TELEMED ECG Analysis Program 


of an electrocardiographer. While you may 
not completely agree with all of its conclu- 
sions, shown below is the new program’s 
interpretation of the ECG on the preceding 
page...and the logic it used to arrive at that 
interpretation. 


Recent anterolateral myocardial infarct? 

a. QS or QR (I, L, V5, V6) 

b. ST-segment elevation (1, V5, V6) 

c. Negative T-waves (1, V4, V5, V6) 

Conclusion: Recent anterolateral MI. 

Inferior injury? 

a. ST-segment elevation (lI, III, F) 

b. Negative T-waves (II, III, F) 

Conclusion: additional inferior injury. 

RBBB? 

a. QRS duration greater than .12 second. 

b. Terminal forces anterior and rightward. 

Conclusion: Right bundle branch block. 

An uncomplicated RBBB? 

a. Rr (V1) (initial anterior forces greater 
than terminal anterior forces). 

b. Upright T-waves in right precordial 
leads. (V1-V 3) 

Conclusion: Not uncomplicated RBBB. 

Alternative: RBBB with evidence for true 

posterior extension of lateral infarct. 

RVH? 

a. RBBB 

b. Right or superior frontal plane QRS 
axis. 

However: RVH is rare in this age group, 

and there is a more likely explanation for 

RAD (i.e., loss of leftward forces due to 

lateral MI) 

Conclusion: RVH is unlikely but cannot be 

excluded. 

Posterior or anterior fascicular block? 
a.Right axis deviation (greater than 
t 120"). 

b. rS (1, L) and qR (II, III, F) 

Conclusion: Posterior fascicular block 

cannot be diagnosed. 

c. Left axis deviation (—45 to —120°). 

d. rS (II, III, F) and qR (1, L) 

Conclusion: Anterior fascicular block can- 

not be diagnosed. 

Fascicular block complicated by MI? 

a. If anterior fascicular block was present 
prior to this MI, the loss of lateral wall 
forces would result in this superior axis. 

b. rS (HI, IIl, F) and qR (1, L) 

Conclusion: In view of the clinical signifi- 

cance of bifascicular block, it cannot be 

overlooked. Previous traces would con- 
firm this. 


typical 500-bed hospital over a year's time. 
So when the TELEMED program sees WPW 
...it's seen it before! 

That's only one example. TELEMED's 
medical and bio-engineering staffs have in- 
vested over 50 man-years working with this 
mass of data so that when the new TELE- 
MED program sees an infrequent ECG pat- 
tern it's more likely to be recognized. And 
give you a report you can use. 

Furthermore, the new TELEMED pro- 
gram correlates transmitted clinical data 
such as patient age, body build, clinical 
history and drug regimen with the contour 
of the ECG to provide a more relevant inter- 
pretation. 














A usetul teacning aia 


TELEMED’s interpretation includes both 
the diagnostic possibilities and their asso- 
ciated diagnostic criteria, expressed in fa- 
miliar medical terms. The most important 
diagnostic possibilities are included, and 
ranked in descending order of probability. 


A brief summary interpretation is also ir 
cluded to reduce reading time. And the fu 
report is returned to the transmitting facilit 
in minutes. This format—with the interprete 
tions and the reasons why-is ideal fc 
teaching situations. 


More versatile and comprehensive 


Included as an integral part of the TELE- 
MED program is the capability for computer 
analysis of graded Exercise Stress Tests. A 


— unique report summarizes and interprets 


the critical ST-segment changes, and docu- 
ments the entire process in an easily filed 
format. TELEMED's economical leasing 
programs mean that now a sophisticated 


stress-testing system is available to ar 
medical facility with virtual 
no capital investment. 
Furthermore, diagnost 
criteria have been extende 
to deal effectively with th 
pediatric, pre-adolescent an 
adolescent ECG. 





The benefits of routine use 


Routine ECG analysis utilizing the new 
TELEMED program provides a reliable tool 
for the busy cardiologist. By immediately 
providing basic interpretation, the new 
TELEMED program contributes to the stan- 
dard—and standardization—of quality of 
medical services in large facilities, and 


helps increase the efficiency of physici: 
time in any sized facility. Not only is tl 
TELEMED service reliable and rapid, a v 
riety of equipment plans and leasing pr 
grams help insure that it is cost-effective f 
the user. 


A cost-effective way to establish a 
Regional ECG Service Center. 


With a TELEMED Computer Terminal 
acting as a fully automated substation of our 
Medical Data Center, the cardiovascular 
specialist is able to retain complete control 
over his practice while enjoying the many 
benefits of the TELEMED Service. 

Continuous, round-the-clock service 
with full engineering and systems support. 
Maintenance and training. Quality control. 


Minimized downtime, thanks to TELEMEL 
redundant computer systems. And acce 
to TELEMED's comprehensive, clinica 
useful, new analysis program. 

Risks are low. Since all equipment 
leased, virtually no capital is required. Ai 
TELEMED will even help set up and esta 
lish the service. 


Interested in learning more? 


TELEMED Corporation is now offering a 
collection of computer-analyzed electro- 
cardiograms to enable cardiologists to 
judge for themselves the program's capa- 
bilities. For information, call toll-free (800) 
323-8025, or write to TELEMED at the ad- 
dress given below. 


TELEIED 


CORPORATION 


2345 Pembroke Avenue 
Hoffman Estates, Illinois 607 
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COUMADIN: 


(CRYSTALLINE 
SODIUM WARFARIN USP 





FOR ORAL ANTICOAGULATION 


Prophylactic Use 


A number of cardiac syndromes can predis- 
pose patients to thromboembolic episodes. 
The greatest threat of thromboembolism, 
however, exists in patients with a history of 
obesity, excessive cigarette smoking or pre- 
vious episodes of venous thrombosis or 
pulmonary embolism. Postoperative patients 
requiring extended immobilization and the 
elderly are at high thromboembolic risk as are 
the severely injured—particularly those over 
40 years with fractures of the hip, pelvis or 
lower extremities—and patients undergoing 
elective cup arthroplasty or pelvic surgery. 


Emphasis should be placed on prophylaxis 
for those patients predisposed to thromboem- 
bolism. The oral anticoagulant of choice is 
COUMADIN® (crystalline sodium warfarin 
OSE) 


The oralanticoagulant 


~ COUMADIN 


Therapeutic Use 


For established thromboembolism, adminis- 
tration of LV. heparin followed by oral anti- 
coagulant therapy is a cornerstone of treat- 
ment. COUMADIN? a chemically pure oral 
anticoagulant with high predictability of re- 
sponse, is a mainstay of effective therapy. 


Dosage and Administration 


In patients receiving COUMADIN® prothrom- 
bin time should be maintained at 1.5 to 2.5 
times the control until results stabilize. Dosage 
and administration should be individualized 
according to prothrombin time results and 
reevaluated periodically throughout therapy. 


Patients should be well informed about their 
condition and medication, since factors such 
as dietary change, travel, other medication, 
change in physical condition and abrupt 
environmental change may influence pro- 
thrombin time and, therefore, response to 
COUMADIN® 





(CRYSTALLINE SODIUM WARFARIN USP) 


Before prescribing, please see prescribing 
information on following page. 


COUMADIN® is an Endo registered U.S. trademark: 
U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 


Endo Laboratories, Inc. 


Subsidiary of E.1. 2 Pont de Nemours & Co. (Inc.) 
Garden City, N. Y. 11530 
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So hal iv tb oU usc AI ens | 

= (crystalline sodium warfarin), a prothrombinopenic anticoagulant, is 
um warfarin isopropanol clathrate. The crystallization of sodium warfarin vir- 
present in amorphous sodium warfarin, thus achieving a crystalline 
rfarin* is the coined generic name for 3-(a-Acetonylbenzyl)-4-hydrox- 
for-dose basis, COUMADIN® (crystalline sodium warfarin) is therapeutically 
orphous sodium warfarin. - 

ADIN* and other coumarin anticoagulants act by depressing synthesis in the liver of 
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^ dam. Qe. nce a thrombosis has occurred, anticoagulant treatment aims to prevent further 
exte p and provanta Monday thromboembolic complications which may result 
ins fatal sequelae. - | 
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ATIONS Based on a review of this drug by the National Academy of Sciences- National 
rch Council and/or other information, FDA has classified the indications as follows: 


Effective: COUMADIN® is indicated for the proph laxis and treatment of venous thrombosis 
its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and 
vent of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 

/' effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
ification of the less-than-effective indication requires further investigation. 
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- . CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition 
_ Of personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 

penenits, as: gu 
Pre nancy—COUMADIN® (crystalline sodium warfarin) is contraindicated in pregnancy because the 
[ irug pass es through the placental barrier and may cause fatal hemorrhage to the fetus in utero. Fur- 
hermore, there have been reports of birth malformations in children born to mothers who have been 
d with warfarin during pregnancy. Women of childbearing potential who are candidates for 
antic int therapy should be carefully evaluated and the indications critically reviewed with the 
patient. If the patient becomes ren while taking this drug, she should be apprised of the potential 
Sks to the fetus, and the possibility of termination of the pregnancy should be discussed in light of 


d v 
Nagule 


gic tendencies or blood dyscrasias. Recent or contemplated surgery of: (1) central nervous 
) eye; (3) traumatic surgery resulting in large open Surfaces. Bleeding tendencies asso- 
| J active u in or overt bleeding of: (1) gastrointestinal, genitourinary or respiratory 
ract: cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericarditis and. 

ardial effusions; eres bacterial endocarditis. Threatened abortion, eclampsia and pree- 
slampsia. Inat equate aboratory facilities or unsupervised senility, alcoholism, psychosis; or lack of 
atient coor er 3 pem re and Ee aem nostic or eel eri procedures with X pe ee 
uncontrollable bleeding. Mi aneous: po ritis, vitamin ficiency, major regional, lumbar 
lock anesthes pre Sa hypertension. 


dag la is a potent drug with a half-life of 2% days; therefore its effects may 
ronounced as daily maintenance doses overlap. It cannot be emphasized too strongly 
ent te ux is a highly individualized matter. Dosage should be controlled by periodic 
ninations of ombin time or other suitable coagulation tests. Determinations of whole blood 
and bleedir deg ie not effective measures for control of therapy. Heparin prolongs the one- 
rothrombin time. Therefore, to obtain a valid prothrombin time when heparin and COUMADIN® 
iver a r, a period of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 
our the last subcutaneous dose of heparin, before blood is drawn. 
L MD sei ba dbaaryod when sodium warfarin is administered in any situation or physical condi- 
n where added risk of hemorrhage is present. | 
nistration of anticoagulants in the following conditions will be based upon clinical judgment in 
which the risks of anticoagulant therapy espe tee against the risk of thrombosis or embolization in 
. Wntreated cases. The following may be associated with these increased risks: ————— l 
Lactation- coumarins may pass into the milk of mothers and cause a prothrombinopenic state in the 
rsing infant. dietary deficiency (cachexia, vitamin K). Severe to moderate hepatic or 
us diseases or disturbances of intestinal flora-sprue, antibiotic therapy. 
n internal NM. or trauma resulting in large exposed raw sur- 
Catheters. Severe to m pertension. Miscellaneous: polycythemia vera, 
menometrorrhagia, allergic and anaphylactic disorders. 


eart failure may become more sensitive to COUMADIN®, thereby requiring 
nitoring, and reduced doses of COUMADIN". 


i Qn if intetaquant therapy is not generally recommended; taper dose gradually over 


fit 

























PRECAUTIONS Periodic determination of prothrombin time or other suitable coagulation test is 
Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
. State and medication may influence response of the patient to anticoagulants. It is generally good 
| practice to m E RM palon! toeponeo wit ad onal prothrombin time determinations in the 
. period immediately after discharge from the hospital, and whenever other medications are initia- 
. . ted, disco T P ptem. The following factors are listed for your reference; however, 
|. eth lors may also affect the prothrombin response. 


E The fo lowing factors, alone or in combination, may be responsible for increased prothrombin time 
- sponse: Wry AA t 


GEN JUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated 
perature; «2 gn Rails hepatitis, jaundice; poor nutritional state; vitamin K defi- 


Hn 


. Bee 


lr 


a OUS FACTORS: Alcoholt; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; bro- 
S; chloral hydratet; chlorpropamide; Heron. cinchophen; clofibrate; COUMADIN® over- 
y dext an; t V ey diazoxide; dietary deficiencies; diureticst; disulfiram; drugs affecting 
j d elements; ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; 
. mefenamicacid; m rex oe methylphenidate; metronidazole; monoamine oxidase inhibitors; nalidixic 

acid; oxolinic acid; o nbutazone; phenylbutazone; phenyramidol; prolonged hot weather; pro- 
-longed narcotics; quinidine; quinine; salicylates; sulfinpyrazone; sulfonamides, long acting; thyroid 
E 19S; tolbutamide: triclofos sodium; trimethoprim/sulfamethoxazole; unreliable prothrombin time 
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^ : i tIncreased and decreased prothrombin time responses have been reported. 
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A patient may be exposed to a cor ibination of the above factors, some of which may increase and some 
decrease his bee cie COUMADIN* Because the net effect on his prothrombin time response may. 














Drugs not yet shown to interact or not to interact with coumarins are best gae with suspicion, and — 

was ter administration is started or stopped, the prothrombin time should be determined more often 
an usual. AS l ee . 

Coumarins also affect the action of other drugs. Hy oglycemic agents (chlorpropamide and tolbu- 

tamide) and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body asa 

result of interference with either their metabolism or excretion. 


ADVERSE REACTIONS Potential side effects of COUMADIN® (crystalline sodium warfarin) include: s 


1. Minor or major hemorrhage from any tissue or organ-which is an extension of the physiologic activ- i 
ity of prothrombinopenia. The signs and cir syl will vary according to the location and degree or k 
extent of the bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the y, 
condition of any anticoagulated patient with complaints which do not indicate an obvious diagnosis. 
Bleeding during anticoagulant therapy does not always correlate with prothrombin activity. (See TREAT- — 
MENT FOR OVERDOSAGE.) ^^ 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diagnostic - 
Investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc. 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, 3 
fever, nausea. diarrhea, abdominal cramping, a syndrome called ‘purple toes," hypersensitivity reac- — 
tions and an extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulation — 
or clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoidin 
such extensive impairment as might produce spontaneous veu Effective therapeutic levels with — 
minimal complications can best be achieved in cooperative and well-instructed patients, who keep the — 
doctor 2e of their status between visits. COUMADIN® patient aids are available to physicians on 
request. p 


The administration and dosage of COUMADIN® must be individualized for each patient according to the. 
particular patient's sensitivity to the drug as indicated " the prothrombin time. The prothrombin time 
reflects the depression of vitamin K dependent Factors Vil, X and Il. These factors, in addition to Factor - 
IX, are affected by coumarin’ anticoagulants. There are several modifications of the Quick ien 
Mie cg time and the physician should become familiar with the specific method used in h 
aboratory. 


Administration of COUMADIN® should be gauged according to prothrombin time determinations by a JÁ 


j 
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Suitable method. The blood prothrombin time should ei be determined daily after the administra- - 
tion of the initial dose until prothrombin time results stabilize in the therapeutic range. Intervals — 
between subsequent prothrombin time determinations should be based upon the physician's judgment 
of the patient's reliability and response to warfarin in order to maintain the individual within the thera- 
peutic range. Acceptable intervals for prothrombin time determinations have usually fallen within the 
range of one to four weeks. Satisfactory levels for maintenance of therapeutic rothrombinopenia are 
1¥% to 2% times the normal prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). 
Induction-40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for one. 
dose only administered orally, intravenously or intramuscularly. 4 


Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility of. 
dosage is provided by breaking scored tablets in half. The individual dose and interval should be gauged - 
by the patient's prothrombin response. 


Duration of therapy- The duration of therapy in each patient should be individualized. In general, 
anticoagulant therapy should be continued until the danger of thrombosis and embolism has passed. —— 


Treatment during dentistry and surgery- The management of patients who undergo dental and surgical — 
procedures requires close liaison between attending physicians, surgeons and dentists. Interruption of — 
anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are main- — 
tained at full doses, some patients may hemorrhage excessively. If it is elected to administer anticoagu- 
lants prior to, during, or immediately following dental or surgical procedures, it is recommended that 
the dosage of COUMADIN® be adjusted to maintain the prothrombin time at igiene! 1% to 2 
times the control level. The operative site should be sufficiently limited to permit the effective use of 
local procedures for hemostasis including absorbable hemostatic agents, sutures, and pressure dress- — 
ings if necessary. Under these conditions dental and surgical procedures may be performed without — 
undue risk of hemorrhage. 


COUMADIN * with Heparin—Since a delay intervenes between the administration of the initial dose and . 
the therapeutic prolongation of prothrombin time, it may be advisable in situations of great emergency - 
to administer sodium heparin initially along with COUMADIN ®. The initial dose of heparin and injectable — 
COUMADIN * may be administered vA ical in the same syringe.:It should be noted that heparin may 
affect the prothrombin time, and therefore, when patients are receiving both heparin and CO MADIN*, 
the blood sample for prothrombin time determination should be drawn just prior to the next heparin 
dosage, and preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last 
subcutaneous injection. 


TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readily 
controlled by discontinuing COUMADIN® (crystalline sodium warfarin), and if necessary, the oral or 
parenteral administration of vitamin Ky. The appearance of microscopic hematuria, excessive menstrual 
bleeding, melena, petechiae or oozing from nicks made while shaving are early manifestations of 
hypoprothrombinemia beyond a safe and satisfactory level. 


In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of - 
COUMADIN * may suffice; and if necessary, small doses of vitamin Kı orally, 2.5 to 10 mg, will usually 
correct the problem. es 


If minor bleeding persists, or progresses to frank bleeding, vitamin K: in doses of 5 to 25 mg may be ‘i 
given parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.) 


Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombinopenic - E 
States unresponsive to vitamin Kı. - «19 


Resumption of COUMADIN® administration reverses the effect of vitamin Ki, and a therapeutic — 
hypoprothrombinemia level can be obtained. J 


SUPPLIED Tablets: COUMADIN ® (crystalline sodium warfarin). For oral use, ey scored, imprinted 3 
numerically with potency as follows: 2 mg lavender, 2% mg orange, 5 moe , TYe mg yellow, 10 
Ji isum 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister package of — 


Injéction: Available as single injection units of amorphous sodium warfarin lyophilized for intravenous _ 
or intramuscular use in a box of 6 units for use immediately after reconstitution. 50 a Unit consists 
of 1 vial, 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide; 
accompanied by a 2 ml ampul Sterile Water for Injection. S 

Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for — 
intravascular injection without first having been made approximately isotonic by the addition of a suit- 


able solute. Use only for reconstitution of the lyophilized product. 


Endo Laboratories,Inc. Eu 4 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) QUA 


.. The following factors, alone or in combination, may be responsible for decreased prothrombin time i Garden City, N.Y. nice à M MCI 
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YORKE MEDICAL BOOKS 
666 Fifth Avenue, New York, New York 10019 





Yes, | would like to review Hypoglycemia-Proceedings of 
the First European Symposium. 


Please send me copy(ies) on a 10 day free review 
basis. | understand | may return the book(s) at any time 
within 10 days and owe nothing or receive a prompt refund 
if | paid in advance. 

O Please bill me $23.00 plus $1.00 handling. 

O Payment enclosed $23.00*, publisher absorbs han- 

dling. 
[] Canada, Central & South America (Pre-Payment re- 
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new—just published 
a widespread disease 


an important subject 


This book is the result of the First European (Rome) 
Symposium on the subject. Hypoglycemia is a com- 
prehensive presentation covering both the clinical and 
investigative knowledge available now. Guest Editors 
are: D. Andreani, P. Lefèbvre and V. Marks. 


Emphasis is placed on diagnosis and treatment, and 
special considerations are offered on: 

[] Stimulative Hypoglycemia 

O Alcohol Hypoglycemia 

[] Gastro-intestinal Hormones 

O Pancreatic Tumors 

[] Reactive Hypoglycemia 

[] Hypoglycemia in Diabetics 

These proceedings have made a substantial contribu- 
tion to the understanding and management of this 
widely diagnosed disease. Now published and ready 
for worldwide distribution, the original material has the 
added value of close peer review and careful editing. 


Send us your order now, and receive your copy on our 
special 10 day free review plan. 


Hypoglycemia, 135 double column pages, 126 figures and 
tables. 

Published in conjunction with Georg Thieme Publishers, 
Stuttgart. 

Distribution in Europe, Africa and Asia—Georg Thieme 
Publishers, Stuttgart. 


This is another important book from The Yorke Medical 
Group, publishers of The American Journal of 
Medicine, The American Journal of Cardiology, The 
American Journal of Surgery, Cutis, Laragh’s Hyper- 
tension Manual and Congestive Heart Failure by Dean 
Mason. 
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VS-4B 
The Anywhere’ 
ec 


In the hospital, in the field, in the 
home — there simply are times when 
you can't find an outlet or bring the 
patient to the machine. That's when 
the portable VS-4B can save the day. 


With no power cord or extensions 
needed, the VS-4B's rechargeable 
batteries allow recording for four 
continuous hours — the equivalent 
of over 150 complete 12-lead ECG'’s, 
or a full week's normal operating 
capability. So whether a patient is 
out in the hall, in a room crowded 
with other instruments or even 
outdoors — the VS-4B is ready to 
record on the spot! The front panel 
meter eliminates guesswork about 


Həve 
Dattery, 
Will 
[La 


battery status. To recharge the 
battery, just plug it in and 

forget it...it will completely 
recharge overnight. The VS-4B will 
also operate from a conventional 
power line. 


Ready to record? Just select a lead, 
switch on the VS-4B and without any 


for writing accuracy ... unmatched 
by any edge-or ink writing system — 
the same high-frequency recording 
capability and the same drop-in 
paper loading ease. 


Choose 48 or 63 mm wide paper, 
speeds of 25 and 50 mm/second, 
sensitivities of 2, 5, 10 and 20 
mm/mV. The VS-4B meets UL, 

CSA and American Heart Associa- 
tion standards. Contact: 

Cambridge Instrument Company, Inc. 
73 Spring St., Ossining, N.Y. 10562 
Phone (914) 941-8100. 


Cambridge 
instrument 
Company, Inc. 


first in electrocardiography 
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When acute left ventricular failure 
brings on a sustained increase in 


— pulmonary capillary pressure with 


subsequent pulmonary edema,’ 
the Auto-Quet® 
rotating tourniquet 
is an ideal system 
to retard systemic 





flow to the S, i 
right heart.? A NEN 
This auto- (55 Ne 
matic CENSI 
tourniquet RE ANN PERS 
does more than tas Rd e 


eliminate the manual 
application and release of con- 
Strictive pressures. An adjustable 


. Oycle'can be precisely set as needed 
= for each patient providing known 
pressures automatically timed for 


sequential application and release. 
Perhaps manual tourniqueting is 
no longer relied on in your hospital, 


.. but technological advance is not 
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complete until the Auto-Quet rota- 
ting tourniquet is used. There are so 
many nice refinements; things like: 

stainless steel control valves 


. When (eS) COO Code 
- There’ 
Very 
Little 
Left 


tubing and valves; 
both audible and 
visual disconnect 
alarm; and many more. 
When your patient's 
left ventrical is not 
producing, you can 
count on organized and 
controlled relief with the 
Auto-Quet automatic rotating tour- 
niquet by Jobst. Write on your pro- 
fessional letterhead for literature or 
for an actual demonstration in your 
hospital. No obligation of course. 
When theres very little left-Auto-Quet* 


1. Freidberg, Chas. K.: Coronary Heart Disease, Text Book of 
Medicine, 1967, 12th Edition. pp. 634-657. 

2. Hellerstein. H. K., Rand, H. J., Brinza, J.: Automatic Rotating 
Cuff Apparatus, Journal of Lab. & Clinical Medicine 46: 
615, 1955. 
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a 


- T A ^ p 
24 
E i” » 
1 
B 
+ ' 
Y 
in $ 
i 
é i ^e F 
^" , r- " x 
i 
» i 
* 
> 
. 
u 5 
ae M 


— 





ior —- EL TUM 
hd Z TT - ~ : 
- A m ig < ^ T comis. - zx: au 6.95 -g P 
z ee mae cits E Rt B cn eot Wr Men cÉP- "E - ; F 
D 4 Fa * "n" pe: = ^ a 5 S i 
pi F = wre S å = 
` ay | kg LA e ‘Se NS J 
LN REY ae E JE e. 
ME ; CCEEDWEEIWAaKM.. Crem 


For your medical library . . . 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF CARDIOLOGY 
Symposium on: 


Electrophysiologic Correlates of Clinical 
Arrhythmias (1972) 


Guest Editor: Charles Fisch, M.D. 


Pre-Hospital Phase of Acute Myocardial 
Infarction (1969) 


Guest Editors: Sidney Goldstein, M.D. 
Arthur J. Moss, M.D. 


Human Heart Transplantation (1968) 
Guest Editors: Adrian Kantrowitz, M.D. 
Jordan D. Haller, M.D. 
Cardiac Tumors (1968) 
Guest Editor: John F. Goodwin, M.D. 


Coronary Care Units (1967) 


Guest Editors: Bernard Lown, M.D. 
John P. Shitlingford, M.D. 


New dimensions 


Please tear off and mail. 


AJC-4/. 

THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172 
Radio City Station 
New York, N.Y. 10019 
Send me the following symposium reprints: 
[] Electrophysiologic Correlates of 

Clinical Arrhythmias ........... $8.00 
O Pre-Hospital Phase of Acute 

Myocardial Infarction ........... $6.00 
CQ Human Heart Transplantation .... $6.00 
H1 Gardiae Tamers. ceo RN $6.00 
O Coronary Care Units ........... $6.00 
Enclosed is my check for $ 
Name 
Address 
City State Zip 


(Please add appropriate sales tax if in New York State and 
New York City) 


NEUROSCRIPT EE 108 , 


Electro- 
encephalographs 
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With its three new instrument sizes (8, 12 and 16 channels) and the possibility 
of individual modification HELLIGE really has adapted its new electro- 
encephalographs to the growing differentiation within the field of neurology. 
The compact design of these instruments is visible evidence of the state- 


of-the-art electronics used. 


è rectilinear recording — carbon-transfer writing for 
accurate, clean and non-smudge recording 


e fixed programs and manual program generation 
or any combination of these selection systems 


@ single-channel or all-channel adjustments 


lee 


USA Representatives: Litton Medical Electronics - 777 Nicholas 





k Grove - Ill. 60007 


| 
= 


i A 


New convenience comes t 


nitroslycerin thera 
ay Nitrostat T x25 


(nitroglycerin tablets, USP) 



















a third for travel and a fourth in pocket or purse 


Nitrostat 4x25s Ø 


(nitroglycerin tablets, USP) 


Sublingual Tablets—Stabilized Formula 


e Stabilized sublingual nitroglycerin available when and 
where it is needed—four bottles of 25 tablets each 


Minimize Change in Potency and 

Maximize Patient Convenience 

e Replace patient’s pillbox with Nitrostat 25s 

e Four dosage strengths—0.15 mg (1/400 grain), 
0.3 mg (1/200 grain), 0.4 mg (1/150 grain), 
0.6 mg (1/100 grain) 


PD-JA-1669-1-P (2-77) PARKE, DAVIS & COMPANY ^ARKE-DAVIS 


Detroit, MI 48232 











Announcing the You may 
newEkoSectorI already own 
Ultrasound System half of it. 


If you already own the world's leading 
echocardiography unit, you don't need 
to buy a whole new system for two- 
dimensional heart scanning. 

Our new EkoSectorI is completely 
compatible with existing Ekoline 20A*'s, 
which means your expenditure for 
the system can be cut almost in half. 

SKI's new EkoSector I offers you 
real-time cross-sectional scanning in 
a fully integrated system. 

Sectoring is accomplished by a 
single scanning transducer giving high 
resolution cross sectional images, 
as well as A-mode and M-mode 
capabilities. 

In addition to image displays on the 
system's oscilloscope, high definition 
images can also be displayed on the 
large X, Y external monitor. 

A video tape recorder as an integral 
component of the system allows you 
to record cross sectional, as well as 
M-mode displays with appropriate 
verbal comments. 

Playback can be at normal speed, 
slow-motion, or stop-frame projection 
and recorded images can be selec- 
tively altered in size by means of the 
tissue depth control. 

Whether you own an Ekoline 20A or 
not, SKI’s new EkoSectorI Ultrasound 
System will give you high quality 
sector scanning at a very reasonable 
price. Interfacing your current Ekoline 
20A to the complete EkoSectorI 
System is handled by SKI's world- 
wide service organization. 

For more details on the new Eko- 
Sector I Ultrasound System, call or 
write: 


e. i 4 Smith Kline Instruments, Inc. 
880 West Maude Avenue 
Sunnyvale, California 94086, U.S.A. 


Tel: (408) 732-6000. 


Smith Kline Instrument Co. Ltd. 


Welwyn Garden City 
Hertfordshire, England. 
Tel: Welwyn Garden 25111. 








For the broad spectrum of cardiac a 


broad-range treatment... 


conversion and maintenance 


CARDIOQUIN 


TABLETS , 


(quinidine polygalacturonate) Z 


O Greater GI tolerance 

L1 Full quinidine cardiodynamics 

O Convenient B.I.D. or T.I.D. 
dosage for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are 
indicated in the treatment of a broad range of cardiac 
arrhythmias (see Brief Summary). After conversion to 
normal sinus rhythm—whether with CARDIOQUIN 
Tablets or electroconversion—only low b.i.d. or tid. 
dosage of this unique polygalacturonate salt of quinidine 
is required for maintenance in most cases. 

Well-tolerated, CARDIOQUIN Tablets are particularly 
suited for maintenance therapy, since the polygalactu- 
ronic acid serves as a buffering moiety. It protects the 
mucosa of the stomach and permits dependable absorp- 
tion of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Prac- 
tice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by Y2 to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 50. 


Purdue Frederick 
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Correlation of Ventricular Premature Beats in 
Coronary Heart Disease and Myocardial Infarction 


Unstable Angina: Medical Versus Surgical Therapy 
Aortic Arch Dissection: Medical Versus Surgical Therapy 
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in 
hypertension 


TABLETS: 250 mg, 500 mg, and 125 mg 


® 
ALDOME Di i 
characteristics 


of ALDOMET 
(METHYLDOPA]MSD) tis wo 

for your 

consideration 


ALDOMET usually lowers 
helps lower blood pressure and: 
* Usually does not com- 


blood pressure promise existing renal 


function 
e Infrequently causes symp- 


effectively. eo tomatic postural 


hypotension 
a e Normalor elevated plasma 
usually with no rn ac may 
decrease during the 
5 course of therapy 
direct effect on e Usually is well tolerated. 
Sedation, usually tran- 
E ə sient, may occur during 
cardiac function— tre ikini paani 
therapy or whenever the 
e å dose is increased. Head- 
ache, asthenia, or weak- 
cardiac output 1s dirt dus 
early and transient 
e ac symptoms. However, 
usua y mauintaine significant adverse effects 
due to ALDOMET have 
been infrequent. (See 
brief summary for a com- 
plete listing of adverse 
reactions.) 
ALDOMET is useful in all 
degrees of hypertension 
and offers dosage flexi- 
bility with three tablet 
strengths—the 
standard 250 mg, 
ALDOMET is contraindicated in active hepatic disease, hypersensitivity the convenient 500 mg, 
to the drug, and if previous methyldopa therapy has been associated and the 125 mg. 
with liver disorders. 


It is important to recognize that a positive Coombs test, hemolytic 
anemia, and liver disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver disorders could lead 


to potentially fatal complications unless properly recog- MSD 
nized and managed. For more details see the brief sum- PE 
mary of prescribing information. M 





For a brief summary of prescribing information, please see following page. 
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_ Contraindications: Active hepatic disease, such as 


acute hepatitis and active cirrhosis; if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 

Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and 
liver disorders may occur with methyldopa 
therapy The rare occurrences of hemolytic 


anemia or liver disorders could lead to poten- 


tially fatal complications unless properly recog- 


-nized and managed. Read this section carefully 
to understand these reactions. 
- . With prolonged methyldopa therapy, 10% to 20% of 


patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 


-incidence is at daily dosage of 1 g or less. This on 


rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal com- 
plications. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
direct Coombs test is not in itself a contraindication 


to use of methyldopa. If a positive Coombs test 


develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For exam- 
ple, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 


At the start of methyldopa therapy, it ts desirable to 


do a blood count (hematocrit, hemoglobin, or red 
cell count) for a baseline or to establish whether 
there is anemia. Periodic blood counts should be 
done during therapy to detect hemolytic anemia. It 
may be useful to do a direct Coombs test before 
therapy and at 6 and 12 months after the start of 
therapy. If Coombs-positive hemolytic anemia oc- 
curs, the cause may be methyldopa and the drug 
should be discontinued. Usually the anemia remits 
promptly. If not, corticosteroids may be given and 
other causes of anemia should be considered. If the 


‘hemolytic anemia is related to methyldopa, the drug 


should not be reinstituted. When methyldopa causes 
Coombs positivity alone or with hemolytic anemia, 
the red cell is usually coated with gamma globulin of 
the IgG (gamma G) class only. The positive Coombs 
test may not revert to normal until weeks to months 
after methyldopa is stopped. 


. Should the need for transfusion arise in a patient 


receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 


in hypertension 


 ALDOMET ——m 


(METHYLDOPA|MSD) 


helps lower 

blood pressure 
effectively... 
usually with no 
direct effect on 
cardiac function- 
cardiac output 1s 


usually maintained 


cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 
match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
sometimes with eosinophilia or abnormalities in liver 
function tests, such as serum alkaline phosphatase, 
serum transaminases (SGOT, SGPT), bilirubin, ceph- 
alin cholesterol flocculation, prothrombin time, and 
bromsulphalein retention. Jaundice, with or without 
fever, may occur, with onset usually in the first 2 to 
3 months of therapy. In some patients the findings 
are consistent with those of cholestasis. Rarely fatal 
hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions; 
periodic determination of hepatic function should be 
done particularly during the first 6 to 12 weeks of 
therapy or whenever an unexplained fever occurs. If 
fever and abnormalities in liver function tests or 
jaundice appear, stop therapy with methyldopa. If 
caused by methyldopa, the temperature and abnor- 
malities in liver function characteristically have 
reverted to normal when the drug was discontinued. 
Methyldopa should not be reinstituted in such pa- 
tients. 

Rarely, a reversible reduction of the white blood cell 
count with primary effect on granulocytes has been 
seen. Reversible thrombocytopenia has occurred 
rarely. When used with other antihypertensive drugs, 
potentiation of antihypertensive effect may occur. 
Patients should be followed carefully to detect side 
reactions or unusual manifestations of drug idio- 
syncrasy. 

Use in Pregnancy: Use of any drug in women who 
are or may become pregnant requires that antici- 
pated benefits be weighed against possible risks; 
possibility of fetal injury can not be excluded. 
Precautions: Should be used with caution in pa- 
tients with history of previous liver disease or dys- 
function (see Warnings). May interfere with 
measurement of uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. Since methyl- 
dopa causes fluorescence in urine samples at the 
same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochro- 
mocytoma. It is important to recognize this 
phenomenon before a patient with a possible pheo- 
chromocytoma is subjected to surgery. Methyldopa 
is not recommended for patients with pheochromo- 
cytoma. Urine exposed to air after voiding may 
darken because of breakdown of methyldopa or its 
metabolites. 


MSD MERCK SHARP & DOHME 


FOF ee AN. 


" 


Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 
lar disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Central nervous system: 
Sedation, headache, asthenia or weakness, usually 
early and transient; dizziness, lightheadedness, 
symptoms of cerebrovascular insufficiency, 
paresthesias, parkinsonism, Bell's palsy, decreased 
mental acuity, involuntary choreoathetotic move- 
ments; psychic disturbances, including nightmares 
and reversible mild psychoses or depression. 
Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved 
by use of a diuretic. (Discontinue methyldopa if 
edema progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, sore 
or "black" tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic 
anemia. Leukopenia, granulocytopenia, throm- 
bocytopenia. 

Allergic: Drug-related fever, myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, decreased 
libido, dermatologic reactions including eczema and 
lichenoid eruptions, mild arthralgia, myalgia. 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third month of therapy; in- 
creased dosage or adding a thiazide frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. Syn- 
cope in older patients may be related to increased 
Sensitivity and advanced arteriosclerotic vascular 
disease; this may be avoided by lower doses. 

How Supplied: Tablets, containing 125mg 
methyldopa each, in bottles of 100; Tablets, contain- 
ing 250mg methyldopa each, in single-unit 
packages of 100 and bottles of 100 and 1000; 
Tablets, containing 500 mg methyldopa each, in 
single-unit packages of 100 and bottles of 100. 
For more detailed information, consult your MSD 
representative or see full prescribing informa- 
tion. Merck Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 J2634R1( 707) 
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Better 
patient compl 


because there are 


fewer doses t 


Quinaglute maintains normal sinus rhythm 
with a convenient 8 or 12 hour dosage schedule. 


The convenient dosage schedule of 1 to 2 tablets every 8 or 12 
hours can mean improved compliance in patients who tend to 
forget or skip medication requiring more frequent administration. 
In addition, QUINAGLUTE* Dura-Tabs® provide the following 
advantages: 


e Special wax matrix permits gradual release of quinidine glu- 
conate to maintain quinidine plasma levels for 8 to 12 hours 


e Convenient 8 or 12 hour dosage schedule helps avoid middle- 
of-the-night dosage and early morning reversion 


e Prolonged control without peaks and valleys in plasma levels 


e Well-tolerated, with few gastrointestinal disturbances to inter- 
fere with patient cooperation and compliance 


w 
7 


E When a medication is to be taken twice a day, an easy way for 

B the patient to remember whether or not he took his dose is for 

him to turn the bottle upside down after the first dose and right 

_ Ẹ side up after the second dose. Please forward your compli- 

|. gj ance tip to Cooper Laboratories, 300 Fairfield Road, Wayne, 
= E NJ 07470, Att: Mr. W. F. Cronin 


5 Patients with cardiac arrhythmias remember 





Indications: 

Premature atrial and ventricular contractions. Paroxysmal 
atrial tachycardia. Paroxysmal A-V junctional rhythm. Atrial 
flutter. Paroxysmal atrial fibrillation. Established atrial 
fibrillation when therapy is appropriate. Paroxysmal ven- 
tricular tachycardia when not associated with complete 
heart block. Maintenance therapy after electrical conversion 
of atrial fibrillation and/or flutter. 

NOTE: Depending upon the response desired, the dosage 
may need to be varied and the blood level and/or electro- 
cardiographic response closely monitored during initial 
treatment. 


Contraindications: Aberrant impulses and abnormal 
rhythms due to escape mechanisms should not be treated 
with quinidine. 

Partial A-V or complete heart block, or intraventricular 
conduction defects, especially those exhibiting a marked 
grade of QRS widening. Renal disease resulting in signifi- 
cant azotemia, or those developing cardiotoxic effects 
such as conduction defects; ventricular premature beats, 
ventricular tachycardia or flutter while on the drug. Marked 
cardiac enlargement, particularly with congestive failure, 
poor renal function, and especially renal tubular acidosis. 
Idiosyncrasy or hypersensitivity to quinidine. 


Warnings: In the treatment of atrial flutter, reversion to 
sinus rhythm may be preceded by a progressive reduction 
in the degree of A-V block to a 1:1 ratio resulting in an 
extremely rapid ventricular rate. 


Precautions: The precautions to be observed include all 
those applicable to quinidine. A preliminary test dose of 
a single tablet of quinidine sulfate should be administered 
to determine if the patient has an idiosyncrasy to quinidine. 
Hypersensitivity to quinidine, although rare, should con- 
stantly be considered, especially during the first weeks of 
therapy. 

Quinidine in large doses may reduce the contractile 
force of the heart; therefore, extreme caution should be 
exercised in using the drug in patients with severe heart 
disease, hypotension or digitalis intoxication. 

It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, 
electrocardiographic monitoring, and possibly plasma 
quinidine levels, is indicated when large doses are used, 
or with patients who present an increased risk. 


Adverse Reactions: Cinchonism, tinnitus, decreased audi- 
tory acuity, vertigo, headache, blurred vision, color percep- 
tion disturbances, photophobia, diplopia, night blindness, 
scotomata, reduced visual fields, mydriasis, hypotension, 
respiratory distress, and gastrointestinal disturbances. 
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Delicious cherry-with-pit flavor. 
If you've tasted it, you know 
KLORVESS® (potassium chloride) 
10% Liquid provides a delicious 
natural flavor. So good, in fact, 
that it should be mixed only with 
water. 
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KIORVESS. 
EFFERVESCENT 


Each dry, sodium- and sugar-free effervescent tab- 
let contains 20 mEq each of potassium and 

chloride supplied by potassium chloride 1.125 g, 
potassium "Y a 0.5 g, L-lysine monohydro- 


TABLET 


Or whatever flavor your patients 
like . . . because the taste of 
KLORVESS® Effervescent Tablets 
is determined by what theyre 
mixed with. The subtle mixer. 


Convenience in therapeutic doses. 
Both forms of KLORVESS offer 

20 mEq of potassium and chloride 
in each dose. There is no need to 
prescribe several slow-release 
tablets per dose or space dosage 
administration beyond the 
patient’s normal routine. 

Prescribe KLORVESS Liquid 

or KLORVESS Effervescent 

Tablets . . . for potassium 
supplement therapy that offers 
good taste and convenience at 
therapeutic dosages. 


KIORVESS 
10% LIQUID 


(potassium chloride) 


Each tablespoonful (15 ml) contains 20 mEq of potassium chloride (provided 
by potassium chloride 1.5 g) in a palatable cherry-with-pit flavored vehicle, 





Description: Klorvess Effervescent Tablets: Each dry, sodium- 
and sugar-free effervescent tablet contains 20 mEq each of 
potassium and chloride supplied by potassium chloride 1.125 g, 
potassium bicarbonate 0.5 g, L-lysine monohydrochloride 0.913 g. 
Dissolution of the tablet in water provides the potassium and 
chloride available for oral ingestion as potassium chloride, 
po bicarbonate, potassium citrate and L-lysine mono- 
ydrochloride. 


Klorvess (potassium chloride) 10% Liquid: Each tablespoon- 
ful (15 ml) contains 20 mEq of potassium chloride (provided 
by potassium chloride 1.5 p in a palatable, cherry-with-pit 
flavored vehicle, alcohol 1%. 


Indications: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. 

Deficits of body potassium and chloride can occur as a con- 
sequence of therapy with potent diuretic agents and adrenal 
corticosteroids. : 


Contraindications: Severe renal impairment characterized by _ 
azotemia or oliguria, untreated Addison's disease, Familial Periodic 
Paralysis, acute dehydration, heat cramps, patients receiving 
aldosterone-inhibiting or potassium-sparing diuretic agents, or 
hyperkalemia from any cause. , 


Precautions: In response to a rise in the concentration of body 
potassium, renal excretion of the ion is increased. In the presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. 


Since the extent of potassium deficiency cannot be accurately 
determined, it is prudent to proceed cautiously in undertaking 
potassium replacement. Periodic evaluations of the patient's 
clinical status, serum electrolytes and the EKG should be carried 
out when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. 


High serum concentrations of potassium may cause death 
through cardiac depression, arrhythmia or cardiac arrest. 


To minimize gastrointestinal irritation associated with potassium 
chloride preparations, patients should dissolve each Klorvess 
Effervescent Tablet in 3 to 4 ounces of water or fruit juice, or 
dilute each tablespoonful of Klorvess (potassium chloride) 10% 
Liquid in 3 to 4 ounces of water. Both of these solutions should 
be ingested slowly with or immediately after meals. 


Adverse Reactions: Abdominal discomfort, diarrhea, nausea and 
vomiting may occur with the use of potassium salts. 


The symptoms and signs of potassium intoxication include 
paresthesias, heaviness, muscle weakness and flaccid paralysis 
of the extremities. Potassium intoxication can produce listless- 
ness, mental confusion, a fall in blood pressure, shock, cardiac 
arrhythmias, heart block and cardiac arrest. 


The EKG picture of hyperkalemia is characterized by the early 
appearance of tall, peaked T waves. The R wave is decreased in 
amplitude and the S wave deepens; the QRS complex widens 
progressively. The P wave widens and decreases in amplitude 
until it disappears. Occasionally, an apparent elevation of the RS-1 
dv and a cove plane RS-T segment and T wave will be noted 
in AVL. 


Dosage and Administration: Klorvess Effervescent Tablets: Adults 
—One Klorvess Effervescent Tablet (20 mEq each of potassium 
and chloride) completely dissolved in 3 to 4 ounces of cold — 
water or fruit juice 2 to 4 times daily depending upon the require: 
ments of the patient. 


Klorvess deren chloride) 10% Liquid: Adults—One - 
tablespoonful (15 ml) of Klorvess Liquid (20 mEq of potassium 
chloride) completely diluted in 3 to 4 ounces of water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
immediately after eating. Deviations from these recommended 
dosages may be indicated in certain cases of hypokalemia based 
upon the patient's status. The average total daily dosage must be 
governed by the patient's response as determined by frequent 
evaluation of serum electrolytes, EKG and clinical status. 


Overdosage: Potassium intoxication may result from overdosage 
of potassium or from therapeutic dosage in conditions stated 
under "'Contraindications." Hyperkalemia, when detected, must 
- yc immediately because lethal levels can be reached in z 
ew hours. 


Treatment of Hyperkalemia: 1. Dextrose solution, 10 or 25% 
containing 10 units of crystalline insulin per 20 g dextrose, 
given IV in a dose of 300 to 500 ml in an hour. 2. Adsorption and 
exchange of potassium using sodium or ammonium cycle cation 
exchange resins, orally and as retention enema., (Caution: 
Ammonium compounds should not be used in patients with 
hepatic cirrhosis.) 3. Hemodialysis and peritoneal dialysis. 

4. The use of potassium-containing foods or medicaments must 
be eliminated. In digitalized patients too rapid a lowering of 
plasma potassium concentration can cause digitalis toxicity. 


How Supplied: Klorvess Effervescent Tablets (white) —60 tablets 
(2 Rx units of 30 effervescent tablets each). Each tablet is indi- 
vidually foil wrapped. Klorvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Tablets and Liquid are also available in institu- 
tional packaging as follows: Klorvess Tablets—30 and 1000 
tablets; Klorvess Liquid—36 (3 x 12) x 4 oz Unit-of-Use bottles 
and 100 (4 x 25) x 15 ml Unit-Dose bottles. 
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y 627  Ventricular Premature Beats and Anatomically Defined Coronary Heart Disease 

E! ALLAN CALVERT, BERNARD LOWN and RICHARD GORLIN 

DEC 

E" In individual subjects the prevalence and grade of ventricular ectopy may not always corre- 
P late with the severity of coronary artery disease or degree of left ventricular dysfunction. 
i In this study of 124 patients with ambulatory 24 hour electrocardiographic monitoring, ad- 
E vanced grades of ventricular ectopic activity were most frequent among those with heart 
e disease. Grades 3 and 4 arrhythmias were observed in 63 percent of patients with coronary 
j : heart disease but in only 25 percent of normal subjects. At least 1 hour entirely free of ec- 
2 topic activity occurred in all normal subjects but in only 68 percent of patients with coro- 
* 


nary heart disease. No significant difference in prevalence and grade of ventricular arrhyth- 
mia was noted among patients having two or three vessel disease. Patients with single ves- 
| sel disease had a prevalence of ventricular activity similar to that of persons without coro- 
P nary heart disease. 
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635 Clinical Significance of Ventricular Ectopic Beats in the Early Posthospital Phase of 
by : Myocardial Infarction 


ARTHUR J. MOSS, JOHN J. DeCAMILLA, HENRY P. DAVIS and LEONARD BAYER 


Ventricular ectopic beats obtained before hospital discharge and 5 months after discharge 
& _ in 272 patients with acute myocardial infarction increased in frequency and complexity 
E during this interval. The occurrente of complex ventricular ectopic beats at follow-up ex- 
i | amination was associated with the concomitant use of antiarrhythmic agents, but not digi- 
E talis, propranolol or tranquilizers. The predischarge ventricular ectopic beat frequency of 
Be. 20 or more per hour was associated with increased mortality in the subsequent 4 months, 
"And but frequent or complex patterns recorded in the 5 month foliow-up study did not identify 
s patients with increased mortality during the 5 to 12 month posthospital interval. 
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A 641 Ventricular Septal Motion and Left Ventricular Dimensions During Abnormal Ventricular 

E Mi Activation 

e JOSEPH ANTHONY C. GOMES, ANTHONY N. DAMATO, MASOCD AKHTAR, 

BE 4 MALKIAT S. DHATT, ANTONINO H. CALON, C. PRATAP REDDY 

Kes. 3 and HARRIETTE E. MORAN 

ME | 

ES | Three types of abnormal ventricular septal motion were found in 12 patients with normal 
D septal motion who were studied with echocardiography during incremental pacing of the 
3 : right ventricular apex, outflow and inflow regions. In seven patients paced from all three 
ee sites, the decrease in left ventricular dimensions did not significantly differ when the three 


pacing sites were compared. Changes in left ventricular dimension appear dependent on 
| ventricular pacing rate rather than pacing site. This study also showed that end-diastolic di- 
i | mension significantly and progressively decreased whereas end-systolic dimension was 
É not significantly altered up to moderate rates of 120 beats/min dug incremental pacing 
of the right ventricular apex and outflow and inflow tracts. 
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SUMMARY OF PRESCRIBING INFORMATION 


indications: Based on a review of this drug by The National Academy 
of Sciences—National Research Council and/or other information, 
FDA has classified the indications as follows: 

"Probably" effective: The chewable dosage form of SORBITRATE 
is indicated for the treatment of acute anginal attacks and for prophy- 
laxis in situations likely to provoke such attacks. 

Final classifications of the less-than-effective indications requires 
further investigation. 


Contraindications: A history of sensitivity to the drug. 

Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headache which may be severe and persistent. Low- 
ering the dose and using analgesics will help control the héadaches which 
usually diminish or disappear as therapy is continued. 

Adversereactions seen occasionally: Cutaneous vasodilation with flush- 
ing; transient dizziness and weakness as well as other signs of cerebral 
ischemia associated with postural hypotension, individual marked sensi- 
tivity to the hypotensive effects of nitrates wherein severe responses can 
occur even with the usual therapeutic dose (alcohol may enhance this 
effect); drug rash and/or exfoliative dermatitis. 

Thisdrugcan actas a physiological antagonist to norepinephrine, acetyl- 
choline, histamine and other agents. 

Dosage and Administration: /ndividual Dose: To minimize hypotensive re- 
sponses, which may occasionally be severe with chewable doses as low 
as 5 mg., the smallest effective dose should be employed. Chewable tab- 
lets are generally given in doses of 5 mg. 

Dosage hegule. >mallest ene 


ive dose necessary for the prevention 


(isosorbide dinitrate) may be taken for prompt relief of angina pain three or 
four times daily. Although the onset and duration of effect of coronary 
nitrates may vary, following is the generally reported range of these values 
for CHEWABLE SORBITRATE 

Onset of Effect: Two to five minutes. 

Duration of Effect: One to two hours. 


CHEWABLE 


SORBITRATE. smo. 


(ISOSORBIDE DINITRATE) 


UP TO 2 HOURS OF 
ANGINA PROTECTION. 
AT MEALTIME...AND ANY 
OTHER TIME OF STRESS. 


AY STUART PHARMACEUTICALS | Wilmington, DE 19897 
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Comparative Effects of Ajmaline on Intermittent Bundle Branch Block and the 
Wolff-Parkinson-White Syndrome 


PABLO A. CHIALE, JULIO PRZYBYLSKI, M. SUSANA HALPERN, JULIO O. LAZZARI, 
MARCELO V. ELIZARI and MAURICIO B. ROSENBAUM 


This study of 11 patients with intermittent bundle branch block and 46 patients with Wolff- 
Parkinson-White syndrome showed that the intravenous injection of ajmaline, a conduc- 
tion-depressing derivative of rauwolfia, caused phase 4 or 3 block or both in all of the for- 
mer and in 6 of the latter subjects, indicating further impairment of conduction in the pa- 
tients with intraventricular block. The similar physiologic behavior and pharmacologic re- 
sponses suggest that the anomalous bundle was probably diseased or abnormal in the six 
subjects with the Wolff-Parkinson-White syndrome. It is also possible that the safety mar- 
gin for conduction in the anomalous bundle is much narrower than in the bundle branch 
System. Ajmaline does not cause fascicular block in normal subjects. 


658 Systolic and Diastolic Ventricular Function in Cardiac Amyloidosis. Studies in Six Cases 


Diagnosed With Endomyocardial Biopsy 


R. HOWARD SWANTON, IAIN A. B. BROOKSBY, MICHAEL J. DAVIES, 
D.. JOHN COLTART, B. STEPHEN JENKINS and MICHAEL M. WEBB-PEPLOE 


Five of 78 patients subjected to endomyocardial biopsy for suspected cardiomyopathy dur- 
ing a 4 year period had genuine cardiac amyloidosis. Although the diastolic dip and plateau 
wave form is a characteristic feature, it is not invariable and hemodynamic data are not al- 
ways diagnostic. Common clinical features included congestive cardiac failure, mitral and 
tricuspid regurgitation, increased jugular venous pressure, multiple electrocardiographic 
abnormalities and an enlarged heart on chest X-ray examination. Electron microscopy 
proved the most reliable diagnostic tool. Ultrastructural studies showed amyloid deposition 
on the basement membrane of individual myocardial cells in all five patients. Cardiac amy- 
loidosis should not be assumed because of the presence of amyloid elsewhere: In a sixth 
case, myocardial biopsy findings were negative although lung and rectal biopsy findings 
were positive. 


665 Aortic Origin of Innocent Murmurs 


PAUL D. STEIN and HANI N. SABBAH 


These observations in 10 human subjects and in dogs suggest that innocent murmurs origi- 
nate in the region of the aortic rather than the pulmonary valve. At rest, during normal sinus 
rhythm, the intensity of intraarterial sound was greater above the aorta than above the pul- 
monary valve. In all patients with an audible murmur, the murmur was of greater amplitude 
within the aorta than within the pulmonary artery. Intraarterially recorded murmurs were in- 
audible at rest in 6 of the 10 patients. Turbulence associated with normal valves occurs 
near the valve and intraarterial pressure fluctuations productive of murmurs are maximal 
near the valve. Innocent murmurs are produced at the aortic rather than the pulmonary 
valve, possibly because of the greater compliance of the pulmonary valve, which may 
dampen turbulence in the pulmonary artery. 


Continued on page A14 
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CONVENIENT AND ECONOMICAL 


- 


.. KAON-CL 2096 


potassium chloride)LIQUID 


Indications: KAON-CL 20% is indicated for the treatment of potassium deple- 
tion in patients with hypokalemia and metabolic alkalosis, and for the treatment 
of digitalis intoxication. During therapy serum potassium levels should be moni- 
tored and the dosage titrated to achieve the desired clinical and laboratory ef- 
fects. KAON-CL 20% is also indicated for the prevention of potassium depletion 
when the dietary intake of potassium is inadequate for this purpose. The 
prophylactic administration of potassium ion may be indicated in patients receiv- 
ing digitalis and diuretics for the treatment of congestive heart failure, hepatic 
cirrhosis with ascites, patients with hypertension on long-term diuretic therapy, 
hyperaldosteronism states with normal renal function, the nephrotic syndrome, 
and certain diarrheal states. 
-. Contraindications: In patients with hyperkalemia, chronic renal failure, systemic 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns, 
adrenal insufficiency, or the administration of a potassium-sparing diuretic (e.g., 
DE triamterene). 
_ Warnings: Do not administer full strength. KAON-CL 20% will cause gastroin- 
testinal irritation if administered undiluted. 

In patients with impaired mechanisms for excreting potassium, the administra- 
tion of potassium salts can produce hyperkalemia and cardiac arrest. Potentially 
fatal hyperkalemia can develop rapidly and be asymptomatic. The use of potas- 
sium salts in patients with chronic renal disease, or any other condition which 
impairs potassium excretion, requires particularly careful monitoring of the 
serum potassium concentration and appropriate dosage adjustment. 

Hypokalemia should not be treated by the concomitant administration of 


40 mEq perl5ml 


potassium salts and a potassium-sparing diuretic (e.q., spironolactone or triam- 
terene) since the simultaneous administration of these agents can produce se- 
vere hyperkalemia. 
Precautions: The diagnosis of potassium depletion is ordinarily made by dem- 
onstrating hypokalemia in.a patient with a clinical history suggesting some cause 
for potassium depletion. The treatment of potassium depletion, particularly in 
the presence of cardiac disease, renal disease, or acidosis, requires careful atten- 
tion to acid-base balance and appropriate monitoring of serum electrolytes, the 
electrocardiogram, and the clinical status of the patient. 
Adverse Reactions: Nausea, vomiting, abdominal discomíort and diarrhea. 
These symptoms are due to irritation of the gastrointestinal tract and are best 
managed by diluting the preparation further, taking the dose with meals, or 
reducing the dose. 

The most severe adverse effect is hyperkalemia (see Contraindications, Warn- 
ings and Overdosage). 
Overdosage: If excretory mechanisms are impaired or if potassium is adminis- 
tered too rapidly intravenously, potentially fatal hyperkalemia can result (see 
Contraindications and Warnings). It is important to recognize that hyperkalemia 
is usually asymptomatic and may be manifested only by an increased serum 
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Changes in mean serum potassium (mEq./liter) 
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BRIEF SUMMARY xai 
Indications: Hypertension, adjunctive therapy in edema. Contraindications: Anuria, hypersensitivity to chlorthalidone or other sulfonamide-derived drugs. Warnings 


- Should be used with caution in severe renal disease, impaired hepatic function or progressive liver disease. May add to or potentiate the action of other antihypertensin 


drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma. Thiazides cross the placental barrier and appear in cord blood. Use in 
pregnant women requires that the anticipated benefits of the drug be weighed against possible hazards to the fetus. These hazards include fetal or neonatal jaundice, 
thrombocytopenia, and possibly other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placental barrier and appear in brea 
milk. If use of the drug is essential, the patient should stop nursing. Precautions: Periodic determination of serum electrolytes to detect possible electrolyte imbalance 
should be performed at appropriate intervals. All patients receiving chlorthalidone should be observed for clinical signs of fluid or electrolyte imbalance; namely, hypor 
tremia, hypochloremic alkalosis, and hypokalemia. Serum and urine electrolyte determinations are particularly important when the patient is vomiting excessively or 
receiving parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop with chlorthalidone as with any other potent 
diuretic, especially with brisk diuresis, when severe cirrhosis is present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electroly 
intake will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially with reference to myocardial activity. Any chlo- 
ride deficit is generally mild and usually does not require specific treatment except under extraordinary circumstances (as in liver disease or renal disease). Dilutional 
hyponatremia may occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain patients. Insulin requirements in diabetic 
patients may be increased, decreased, or unchanged and latent diabetes mellitus may become manifest. Chlorthalidone and related drugs may increase the respon- 
siveness to tubocurarine. The antihypertensive effects of the drug may be enhanced in the postsympathectomy patient. Chlorthalidone and related drugs may decreas 
arterial responsiveness to norepinephrine. If progressive renal impairment becomes evident, as indicated by a rising nonprotein nitrogen or blood urea nitrogen, a 
careful reappraisal of therapy is necessary with consideration given to withholding or discontinuing diuretic therapy. Chlorthalidone and related drugs may decrease 
serum PBI levels without signs of thyroid disturbance. Adverse Reactions: Anorexia, gastric irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic cholestatic jaundice), pancreatitis; dizziness, vertigo, paresthesias, headache, xanthopsia; leukopenia, agranulocytosis, thrombocytopenia, aplastic ane- 
mia; purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypoten- 
sion may occur and may be aggravated by alcohol, barbiturates or narcotics. Other adverse reactions include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. Whenever adverse reactions are moderate or severe, chlorthalidone dosage should be reduced or therapy withdrawn 
Usual Dose: One tablet daily. How Supplied: Tablets— 100 mg. (white, scored) and 50 mg. (aqua) in bottles of 100 and 1000; PAKs of 28 tablets, boxes of 6 


in hypertension 
Hygrotun vs. hyurochlurothiaziue 
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pressure 
with single 
daily doses 












“Two 50 mg tablets of hydrochlorothiazide were 

required to produce the same blood pressure lower- 

ing effect as one 50 mg tablet of chlorthalidone..." 
Frank A. Finnerty, Jr.' 





More 
positive The advantages of chlorthalidone over hydrochloro- 
potassium thiazide "...should be reflected in better patient 
compliance, because of its...potential for fewer side 
Dr ofile effects resulting from decreased potassium..." 
Frank A. Finnerty, Jr.' 








Hygroton 50 mg. 


(chlorthalidone) 
blocks sodium retention longer 


m Unsurpassed in duration of action 
m True once-a-day administration‘? 
m Established efficacy'’~ 

gm Excellent patient compliance’ 











USV Laboratories Inc. 


LABORATORIES Manati, P.R. 00701 


Refer wp . Finnerty, F. A., Jr.: Hypertension: The Contin ewe llenge, Scientific Ede du, dis eting of AAFP, Boston, Maps gcn 20-23, ies x hoe ahs 
Mvpertem eure iologie Appro sch x HAM nagement, New Yor k, Medcom, 1976, p. 9. 3. Fin rty, F. A., Jr.: Mild a nd moder 
Man inito r the Pra lng Phyalbie n (Finnerty, F. A., Jr. ed.), New Yo fe; Medien. Tw. n 34. 





es Te PEN a CNN Sen Ah iry i ONA eaan UNE aN Se fa ce MN Oe IMR CERES a OPENER S Sth SES Ooh lh Cie NE ESSI T 
| IM 4 17 i A^" uu > rol 27A E è + » 3 '* y . F i 
Vw ub $ E i 1° , ‘ < t ; ^-^ 7 mt^ . 

v- " 


e 

x | CONTENT : 

» 672 Effect of Sublingually Administered Nitroglycerin on Regional Myocardial Blood Flow in 

Bee Patients With Coronary Artery Disease 

Ay 

ts PETER F. COHN, DENIS MADDOX, B. LEONARD HOLMAN, JOHN E. MARKIS, 

Eo 35 DOUGLASS F. ADAMS and JACKIE R. SEE with the technical assistance of JOHN IDOINE 

P: As shown by a xenon-133 washout technique in 31 patients, sublingual administration of 
E nitroglycerin can enhance regional myocardial blood flow in some patients with coronary 
E artery disease, even in the resting state. These beneficial effects on regional myocardial 
f 1 perfusion are most likely mediated through well functioning collateral vessels although re- 
ce duction in myocardial oxygen requirements and cardiac work is the major mechanism by 
a which nitroglycerin alleviates myocardial ischemia in the clinical setting. Measurement of 
by 
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regional xenon-133 washout with a scintillation camera offers a useful way to evaluate re- 
gional myocardial perfusion in coronary artery disease in the resting state as well as during 
contrast agent-induced hyperemia and during atrial pacing. 


EXPERIMENTAL STUDIES 
- 679 Acute Coronary Occlusion: Prolonged Increase in Collateral Flow Following Brief 
Administration of Nitroglycerin and Methoxamine 


- NORINE L. CAPURRO, KENNETH M. KENT, HOWARD J. SMITH, ROGER AAMODT and 
. STEPHEN E. EPSTEIN 


Short-term treatment with intravenously administered nitroglycerin and methoxamine pro- 
duced a sustained increase in transmural collateral flow of the myocardium up to 4 hours 
after abrupt occlusion of the left anterior descending artery in 12 closed chest sedated 
dogs. Transmural collateral flow remained unchanged over 5 hours of occlusion in untreat- 
ed dogs. These data suggest that short-term treatment with nitroglycerin and methoxamine 
may increase the rate at which intrinsic collateral function develops after ischemia or 
maintain cell viability until spontaneous collateral circulation develops. 


(684 “hc san ei y Effect of Acetylistrophanthidin Infusion Into the Canine Sinus Nodal Artery 


MICHAEL R. GEER, GALEN S. WAGNER, MENASHE WASMAN and ANDREW G. WALLACE 


Sinus nodal arterial infusion of acetylstrophanthidin in 10 anesthesized dogs initially pro- 
duced a positive chronotropic effect, and if continued, a depressed atrial rate and terminal 
atrial arrest. These results suggest that digitalis-induced ‘“‘paroxysmal’”’ atrial tachycardia 
is not truly paroxysmal, but the result of enhanced pacemaker automaticity rather than 
reentry. These effects of digitalis on sinus nodal and atrial tissues may be due to a complex 
autonomic influence, including antiadrenergic effects, rather than a direct effect on these 
tissues. 


690 Definition of Cardiac Structures Using Computerized Tomography in Isolated Arrested and 
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Beating Canine Hearts 


WILLIAM JOHN POWELL, Jr., JACK WITTENBERG, ROBERT E. DINSMORE, 
STEPHEN W. MILLER and RICHARD A. MATURI 


After the injection of very small amounts of iodinated contrast material or after production 
of anemia in dogs, horizontal and longitudinal computerized atrial tomographic scans ren- 
dered visible the right and left ventricular cavities, the boundaries of the ventricular and 
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Each RED DOT Electrode is 


individually sealed ...to prevent drying out of 
the gel before application...a feature that permits electrodes 
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Engineered for rapid, convenient 
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To help your constipated cardiac: 
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with a lubricating agent, so stools ar 

moister and elimination becomes easie! 
Should your cardiac patient requir 

some peristaltic activatior 

DIALOSE PLUS—with 30 mg casanthranol- 
gently provides the needed stimulatior 


easier defecation makes il 
easier on his heart 


DIALOSE 


(diocty! sodium sulfosuccinate, 100 mx 
sodium carboxymethylcellulose, 400 mc 


STOOL SOFTENER/LUBRICAN' 


DIALOSE.PLUS 


(dioctyl sodium sulfosuccinate, 100 mi 
and sodium carboxymethylcellulose, 400 mı 
plus casanthranol 30 mt 


STOOL SOFTENER/LUBRICANT 
PERISTALTIC ACTIVATOF 


STUART PHARMACEUTICAL 
Division of ICI United States Inc. 
Wilmington, DE 19897 








CONTENTS 


Z M — — 


atrial cavities, the papillary muscles, the major trabeculae and the aorta. Rhythmic motion 
of the beating heart, suspended in its pericardium, did not eliminate structural definition. 
These results indicate the potential usefulness of this noninvasive technique for cardiac di- 
agnosis with a relatively high degree of resolution and with the possibility of quantitation 
after gating methods are developed. 


METHODS 


697 New Practical Treadmill Protocol for Clinical Use 


ROGER A. WOLTHUIS, VICTOR F. FROELICHER, Jr., JOSEPH FISCHER, 
IGNACIO NOGUERA, GARLAND DAVIS, ALDERUS J. STEWART and 
JOHN H. TRIEBWASSER 


In comparison with the older Balke-Ware exercise protocol, this new USAFSAM continu- 
ous treadmill protocol using a constant treadmill speed (3.3 miles/hour) and regular equal 
increments in treadmill grade (5 percent/3 min) reduced time to maximal effort by 24 per- 
cent in 26 healthy men, was easier to implement and provided equally valid physiologic 
data with greater ease. Satisfactory results were also obtained in 295 patients with normal 
cardiovascular and cardiopulmonary systems and in patients suspected of having coronary 
disease. In some patients, usually women or older subjects, when the 3.3 miles/hour walk- 
ing speed was too fast for their stride, testing was begun at a 2.0 miles/hour speed and in- 
creased to 3.3 miles/hour at a subsequent protocol stage. 


701 Automatic Real Time Arrhythmia Monitoring in the Intensive Coronary Care Unit 


PRAVIN M. SHAH, JEFFREY M. ARNOLD, NANCY A. HABERERN, DAVID T. BLISS, 
KEITH M. McCLELLAND and W. BROMLEY CLARKE 


A new algorithm for arrhythmia analysis, combining major elements of cross correlation 
of QRS signals and grouping of complexes into families, distinctly improved the accuracy 
of computer monitoring in a coronary care unit sufficiently to warrant further applications. 
The accuracy rate of ventricular premature beat detection exceeded 95 percent in more 
than 5,000 ventricular premature beats observed during 1,7 10 minutes of on-line monitor- 
ing. The computer diagnosis was inaccurate in two instances of ventricular tachycardia 
and a false positive diagnosis of ventricular tachycardia was made in three patients. Care 
in applying electrodes to obtain high quality signals and infrequent spot checks of comput- 
er error caused by tall T waves or unusually noisy signals are necessary for reliable use of 
the system. 


PEDIATRIC CARDIOLOGY 


709 Double Outlet Right Ventricle: Clinical Spectrum and Prognosis 
HENRY M. SONDHEIMER, ROBERT M. FREEDOM and PETER M. OLLEY 


Angiographic, surgical and autopsy data in 80 patients with double outlet right ventricle in- 
dicate they can be classified clinically and pathologically into four groups: those who clini- 
cally resemble patients with transposition of the great arteries and ventricular septal defect 
(Group I), those who clinically resemble patients with tetralogy of Fallot (Group III) and two 
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Innovations. Technical innovations in elec- 
trocardiography that make your old cardiograph, 
whatever its condition, virtually obsolete if it’s 
more than 7 years old. Innovations that are incor- 
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AHA frequency-response recommendations. Its 
unique rectilinear recording process produces 
high fidelity ECG’s with exact definition and ac- 








' match our new one. 


curacy. Its high fre- 
quency-response setting 
produces tracings that can show 
electrical impulses often undetected by 
other electrocardiographs. Impulses that can 
be diagnostically significant. 

In situations where excessive artifacts can- 
not be avoided — such as ExECG procedures, 
infant and geriatric patients, older electrical sys- 
tems, electrical interference (AC) — Burdick's 
new, optional artifact filter makes acceptable 
electrocardiograms possible. 

These are just a few of the advantages 
Burdick's EK-5A has over your old cardiograph. 
For more information, including a demonstration, 
call toll-free, (800) 356-0701. Within Wisconsin: 
(608) 868-7631. Or write, The Burdick Corporation, 
Milton, Wisconsin 53563. 
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groups Clinically similar to patients with large ventricular septal defect and pulmonary hy- 
pertension. These four groups have a greatly different prognosis which is dependent on 
their specific anatomy. When present, coarctation of the aorta and severe mitral valve ab- 
normalities markedly influence the prognosis. 


715 Pulmonary Vascular Disease After Systemic-Pulmonary Arterial Shunt Operations 


EDGAR A. NEWFELD, J. DEANE WALDMAN, MILTON H. PAUL, ALEXANDER J. MUSTER, 
ROGER B. COLE, FAROUK IDRISS and WILLIAM RIKER 


This study of 294 of the more than 1,100 patients subjected to a systemic-pulmonary arte- 
rial shunt operation from 1946 to 1974 showed little advanced pulmonary vascular disease 
after a subclavian-pulmonary arterial shunt and small likelihood of advanced pulmonary 
vascular disease less than 5 years after an aortic-pulmonary arterial shunt but an increased 
incidence of such disease more than 5 years after such a shunt operation. When an aortic- 
pulmonary arterial shunt is performed as a palliative procedure, corrective surgery should 
be performed within 2 to 3 years. Measurement of the pulmonary arterial mean pressure 
is essential for accurate hemodynamic evaluation because the arterial saturation level 
alone can be misleading. A mean pulmonary arterial pressure of 50 mm Hg or more 
suggests advanced pulmonary vascular disease. 


721 Pulmonary Vascular Disease in Complete Atrioventricular Canal Defect 
EDGAR A. NEWFELD, MANDEL SHER, MILTON H. PAUL and HISASHI NIKAIDOH 


These results highlight the need for operative intervention, either palliative or corrective, 
by age 1 year in most infants with complete atrioventricular (A-V) canal defect or a large 
septal defect without A-V canal whose systemic pressure is transmitted directly to the pul- 
monary vascular bed. In these patients pulmonary vascular changes begin to progress to 
intimal fibrosis (grade 3) toward the end of the first year of life, and grade 4 changes, often 
irreversible, can be found by age 1 year. The presence of trisomy 21 did not affect their 
speed of progression. In patients without pulmonary stenosis or pulmonary arterial banding 
performed in infancy, vascular disease changes, grades 3 to 5, are the rule after age 2 
years. 


REPORTS ON THERAPY 


727 Acute Aortic Arch Dissection: Reevaluation of the Indications for Medical and Surgical 
Therapy 


JACK KOLFF, ROBERT J. BATES, SAMUEL C. BALDERMAN, KAYODE SHENKOYA and 
CONSTANTINE E. ANAGNOSTOPOULOS 


This study of 42 patients with dissection of the aorta favors medical treatment for dissec- 
tion that does not involve the ascending aorta or arch. A useful classification system and 
a new flow chart, based upon these results and a review of the medical literature, facili- 
tate the choice of medical or surgical management of primary acute aortic arch dissec- 
tion. Results were good in two patients with this complication treated medically; in another 
two subjects, wrapping the arch with a Dacron graft prevented fatal hemorrhage and avoid- 
ed the need for arch replacement. 
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where straining at stool may be hazardous 


Effectively help avoid straining 


Clinicians have recommended that SENOKOT laxatives be used routinely to avoid constipation in cardiac 
patients, as a possible means of reducing deaths and accidents due to straining at stool.’ Routine use of 
SENOKOT laxatives for cerebrovascular patients has also helped prevent effects of excessive straining which 
may lead to transient cerebral ischemia in the elderly.2 


Flexible, individualized dosage 

SENOKOT Tablets/Granules permit dosage adjustment for regular 
and comfortable evacuation, according to patient requirements. A gen- 
tle, predictable overnight laxative, SENOKOT preparations are usu- 
ally free of side effects at proper dosage levels. With their virtually 
colon-specific action, 3? SENOKOT Tablets/Granules are compatible 
with other medication patients may be taking. 
















References: 1. McGuire, J., et al, cited in Exton-Smith, A. Norman: Constipation in 
Geriatrics, in Management of Constipation, edited by Sir Francis Avery Jones and 
Edmund W. Godding, Oxford, Blackwell Scientific Publications, 1972, p. 162. 2. 
Halpern, A., et al, cited in Exton-Smith, A. Norman, ibid. 3. Godding, E. W.: 
Therapeutic Agents, in Management of Constipation, op cit (ref. 1), p. 65. 
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734 Unstable Angina: Comparison of Medical and Surgical Management 


HERBERT N. HULTGREN, JAMES F. PFEIFER, WILLIAM W. ANGELL, MARTIN J. LIPTON 
and JUNE BILISOLY 


In this prospective nonrandomized study of 118 patients with unstable angina during a 
mean follow-up time of 23 months there was an incidence rate of nonfatal myocardial in- 
farction of 17 percent and a total mortality rate of 21 percent in 66 medically treated pa- 
tients compared with respective rates of 19 and 5.2 percent in 52 surgically treated pa- 
tients. Sixty percent of surgically treated patients were free of angina compared with 21 
percent of medically treated patients. Perioperative infarction occurred in eight surgically 
treated patients (15 percent). Although surgical management of unstable angina cannot be 
justified on the basis of prevention of myocardial infarction, more substantial relief of angi- 
na and recurrent chest pain follows surgical treatment than medical management. 


DIAGNOSTIC SHELF 


741 Symptomatic Swallowing-Induced Paroxysmal Supraventricular Tachycardia 
DAVID M. MIRVIS, JACK P. BANDURA and DANIEL A. BRODY 


Swallowing-induced paroxysmal supraventricular tachycardia in this 55 year old woman 
appeared to be initiated by an atrial premature depolarization beat falling near the end of 
the T wave of the preceding sinus beat. Quinidine sulfate abolished the arrhythmia but not 
digoxin, Pro-Banthine or propranolol. Recording of upright P waves in the inferior leads 
suggested an atrial origin of tie abnormal impulses. The mechanism of these seemingly 
paradoxic effects of vagotonic agents in such cases is unknown. 


CASE REPORTS 


744 Coronary Arterial Narrowing in Takayasu's Aortitis 


PAUL R. CIPRIANO, JAMES F. SILVERMAN, MARK G. PERLROTH, RANDAL B. GRIEPP 
and LEWIS WEXLER 


This 26 year old woman with coronary arterial narrowing—a result of Takayasu's aortitis— 
responded well to her second coronary bypass graft after the first bypass became occlud- 
ed. Narrowing of the coronary arteries in this disease is due to extension into these arteries 
of the processes of proliferation of the intima and contraction of the fibrotic media and ad- 
ventitia that occur in the aorta. The histopathology of the arterial lesions in this disease is 
reviewed in detail. Clinical features found in 16 patients include headache, cerebral isch- 
emia, congestive heart failure, angina pectoris, cardiomegaly, aortic murmurs, myocardial 
infarction and electrocardiographic abnormalities. The etiology of Takayasu's arteritis is 
unknown although some evidence suggests it is an autoimmune disorder. 


751 Giant Congenital Aneurysm of the Right Coronary Artery 
CHIN HOCK LIM, NGOH CHUAN TAN, LENNY TAN, CHENG SIANG SEAH and DIXIE TAN 


This unique giant congenital aneurysm of the right coronary artery in a 34 year old Malay 
man was diagnosed preoperatively and successfully treated with aneurysmectomy and clo- 
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MONITORING. 
UNCOMPLICATED. 


DATASCOPE 
TYPE P2 
PRESSURE MODULE 


ER et naam NES 


DATAS 


The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

The Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we ve simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 


unique movable reference trace. 


It makes reading the pressure 
changes much easier, much 


TYPE L PHYSIOLOGICAL ALARM 


a, 


| mm SYSTOLIC 


DANGER--POSSIBLE EXPLOSION HAZARD IF USED IN, 
THE PRESENCE OF FLAMMABLE ANESTHETICS — 


faster, much more accurate. 

And once the catheter has 
been passed, we've simplified 
the job of monitoring. In fact, 
we ve taken it to the point where 
the nursing staff can handle it 
without any assistance. 


[f you've gotten used to big, 


bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 
Its extremely light, and com- 
pact. It easily fits at bedside. 
And it's portable. You can 
move it where you need it, 





when you need it. 

So you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp.. 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 
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YPERSTAT* I.V. (brand of diazox 
lh 7o s 
FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


INDICATIONS For the emergency reduction of blood pressure in malignant 
hypertension in hospitalized patients, when prompt and urgent decrease of 
diastolic pressure is required, Treatment with orally effective antihypertensive 
agents should be instituted as soon as the hypertensive emergency is controlled. 
HYPERSTAT I.V. Injection is ineffective against hypertension due to pheo- 
chromocytoma. 


CONTRAINDICATIONS It should not be used in the treatment of compensatory 
pertension, such as that associated with aortic coarctation or arteriovenous 
unt, nor in patients hypersensitive to diazoxide or other thiazides, unless the 

potential benefits outweigh the possible risks. 


WARNINGS ty in pregnancy and in children has not yet been established. 
Information is not available concerning the passage of HYPERSTAT ín breast 
milk. However, it is known that diazoxide crosses the placental barrier and 
appears in cord blood. Like other thiazides, the drug may produce fetal or neo- 
natal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, 
and possibly other adverse reactions that have occurred in adults. Hypotension 
may occasionally result. If severe enough to require therapy, it will usually 
respond to the administration of sympathomimetic agents, such as norepine- 
phrine, Hyperglycemia occurs in the majority of patients, but usually requires 
treatment only in patients with diabetes mellitus; it will respond to the usual 
management, including insulin, Therefore, blood glucose levels should be moni- 
tored, especially in patients with diabetes or in those requiring multiple injec- 
tions of diazoxide. Hyperglycemia and hyperosmolar coma associated with 
transient cataracts developed in one infant receiving repeated daily doses of 
oral diazoxide. The disturbed carbohydrate metabolism was successfully treated 
with insulin, Cataracts have been observed in a few animals receiving repeated 
daily doses of intravenous or oral diazoxide. Since diazoxide causes sodium re- 
tention, repeated injections may precipitate edema and congestive heart failure. 
This retention responds characteristically to diuretic agents if adequate renal 
function exists. Concurrently administered thiazides may potentiate the anti- 
hypertensive, hyperglycemic, and hyperuricemic actions of diazoxide (See Drug 
Interactions). Since increased volume of extracellular fluid may be a cause of 
treatment failure in nonresponsive patients, it may be advisable to reduce this 
increased volume by means of a diuretic agent, Although no evidence of exces- 
sive anticcagulant effects has been reported, patients, especially those who are 
hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its de- 
Jide may require reduction in dosage of the anticoagulant (See Drug 
nteractions). 


PRECAUTIONS HYPERSTAT (diazoxide) I.V. Injection is a potent antihyperten- 
sive agent requiring close monitoring of the patient’s blood pressure at fre- 
quent intervals. Its administration may occasionally cause hypotension requiring 
treatment with sympathomimetic drugs. Therefore, adequate facilities to treat 
such untoward reactions should be available. It should be administered only into 
a peripheral vein, Because the alkalinity of the solution is irritating to tissue. 
extravascular injection or leakage should be avoided; subcutaneous administra- 
tion has produced inflammation and pain without subsequent necrosis, If leak- 
age into subcutaneous tissue occurs, the area should be treated conservatively. 
Maximal antihypertensive effects occur after rapid administration (within 30 
seconds) into the vein; a slower injection may fail to reduce blood pressure or 
produce a very brief response. As with any potent antihypertensive agent, 
HYPERSTAT I.V. Injection should be used with care in patients who have im- 
paired cerebral or cardiac circulation, that is, patients in whom abrupt and 
brief reductions in blood pressure might be detrimental. Special attention is 
required for patients with diabetes mellitus and those in whom retention of salt 
and water may present serious problems (See Warnings). Nondiabetic patients 
may have a transient, reversible, and clinically insignificant increase in blood 
glucose following HYPERSTAT I.V. Injection. Since peritoneal dialysis or hemo- 
dialysis can reduce levels of diazoxide in the blood, patients undergoing dialysis 
may require more than one injection. 


ADVERSE REACTIONS 


Frequent and serious adverse reactions: Sodium and water retention 
after repeated injections, especially important in patients with impaired cardiac 
reserve; hyperglycemia frequently requiring treatment in diabetic patients, 
especially after repeated injections. 

Infrequent but serious adverse reactions: Hypotension to shock levels; 
myocardial ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electro- 
cardiographic changes; cerebral ischemia, usually transient but possibly leading 
to thrombosis and manifested by unconsciousness, convulsions, paralysis, con- 
fusion or focal neurological deficit, such as numbness of the hands; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, 
such as rash, leukopenia, and fever. Rarely,acute pancreatitis has been reported. 
Papilledema, induced by plasma volume expansion secondary to the administra- 
tion of diazoxide, was reported in one patient who had received eleven injec- 
tions over a twenty-two day period. 

Other adverse reactions: Vasodilative phenomena, such as orthostatic 
hypotension, sweating, flushing, and generalized or localized sensations of 
warmth; supraventricular tachycardia and palpitation; bradycardia; various 
transient neurological findings secondary to alterations in regional blood flow 
to the brain, such as headache (sometimes throbbing), dizziness, lightheaded- 
ness, sleepiness (also reported as lethargy, somnolence or drowsiness), euphoria 
or ‘‘funny feeling’’, ringing in the ears and momentary hearing loss, and weak- 
ness of short duration; chest discomfort or nonanginal ‘‘tightness in the chest”; 
transient hyperglycemia in nondiabetic patients; transient retention of nitro- 
genous wastes; and various respiratory and gastrointestinal findings, secondary 
to the relaxation of smooth muscle, such as dyspnea, cough and c oking sensa- 
tion; nausea and vomiting and/or abdominal discomfort, anorexia, alteration in 
taste, parotid swelling, salivation, dry mouth, lacrimation, ileus, constipation 
and diarrhea. Also, warmth or pain along the injected vein; cellulitus without 
sloughing and/or phlebitis at the site of extravasation; back pain; and increased 
nocturia, Apprehension or anxiety, malaise and blurred vision occurred on single 
occasions. 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may- 
displace other substances or drugs which are also bound to protein, such as 
bilirubin or coumarin and its derivatives. These potential interactions must be 
considered when administering HYPERSTAT I.V. Injection. The concomitant ad- 
ministration of diazoxide with thiazides or other commonly used potent diu- 
retics may potentiate the hyperglycemic, hyperuricemic, and antihypertensive 
effects of diazoxide. ) 

OVERDOSAGE Overdosage ay Cause an undesirable hypotension. Usually, this 
can be controlled with sympathomimetic agents, such as norepinephrine; failure 
of the blood pressure to rise in response to such an agent suggests that the 
hypotension may have been caused by something other than diazoxide. Exces- 
sive hyperglycemia resulting from overdosage will respond to conventional 


therapy of hyperglycemia. Diazoxide may be removed from the blood by peri- 


toneal dialysis or hemodialysis. SWW-4940R1 


SCHERING CORPORATION, KENILWORTH, N.J. 07033 
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Stat Regimen-for rapid 


reduction of blood pressure 





in malignant hypertension 








0 “A 


direct-action 


ss DIAZOXIDE 


"The injection of the [diazoxide] bolus in 10 to 15 seconds results 
in a prompt blood pressure fall in a high percentage of cases. A maximal 


at IV 


INJECTION 
20 ml ampule 
contains 300 mg 








blood pressure response usually occurs within 5 to 10 minutes: '* 


Q Rapid reduction to normotensive levels 

Induces rapid reduction of blood pressure generally 
within 5 minutes ...often in 1 or 2 minutes to the lowest 
level achieved. Blood pressure response facilitated by 
appropriate diuretic therapy. 


O Prolonged activity 

A single injection of HYPERSTAT I.V. generally maintains 
blood pressure below pretreatment levels for periods 
up to 12 hours. 


O Protective action — helps avert target 
organ damage 

Cardiac output increases as diastolic pressure is 
reduced. Coronary and cerebral blood flow maintained. 
Increased renal blood flow after transient decrease. 


Administration guidelines 








O Uncomplicated procedure 

Simple I.V. "push" in a peripheral vein in 30 seconds or 
less. Close monitoring at frequent intervals is necessary 
until blood pressure is stabilized (generally 15-30 minutes). 
Thereafter, hourly measurement should be taken during 
the balance of effect. 


O Convenient...no preparation 


HYPERSTAT I.V. supplied as a 20 ml ampule containing 
300 mg diazoxide in ready to use solution. 


*Marvin Moser, M.D., Assistant Professor of Clinical Medicine, Albert 
Einstein College of Medicine, and Chief of Cardiology, White Plains 
Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 
accelerated hypertension. Am Heart J 87(6): 791-795, June 1974. 








4 Fill dry syringe with appropriate dose 2 Hospitalized patient should be 3 Inject entire dose |.V. in 30 seconds or 
» Of HYPERSTAT I.V. Injection (20 ml « recumbent. Insert needle only into . less. Remove needle carefully— 
ampule contains 300 mg diazoxide). a peripheral vein. avoid extravasation. 
4 Keep patient recumbent for at least half If patient is to be ambulatory, measure Ó HYPERSTAT I.V. Injection should be 

. an hour after injection; monitor BP 5. BP in standing position before ending . continued until a regimen of oral 
closely until stabilized — usually 15-30 surveillance. antihypertensive medication becomes 
minutes. 


Copyright © 1975, 


effective (generally within a few days). 


Schering Corporation. Before prescribing HYPERSTAT I.V. Injection, please consult complete product information, 
All rights reserved. a summary of which appears on the facing page. 





Diagnosis 


All it takes is 

a phone line, 
our 3-Channel 
Electrocardiograph 
Phone Terminal 
and one touch 
of a button. 


ectrocardiograpnhn and built-in 
Computer Phone Terminal you can 
tie-in with the remote ECG interpre- 
tation center of your choice any- 
where in the USA and Canada. Fully 
automated, the Model 3038 brings 
the convenience of computer aided 
diagnosis to your location, simply, 
reliably and at a low cost. 


Model 3038 puts you ahead with 
time-proven advantages other elec- 
trocardiographs can't match. State- 
of-the-art writing precision, with 
frequency response beyond 250 Hz: 
a preview feature that cuts paper 
costs in half, the convenience of 
drop-in paper loading, the elimina- 


tion of cutting and mounting, and the 


versatility of three recording modes 
(manual, semi-automatic, and fully- 
automatic). 


erminal Option, the MOQEI JUSU 
puts you ahead even more. Insta 
in a front-panel compartment, th 
phone terminal makes the entire 
diagnostic process as simple as 
taking a regular ECG. 


After connecting patient leads a 
keying-in patient data, the tech- 
nician merely previews the ECG 
pushes the PHONE/TRANSMIT 
button. Automatically, the comp 
center is dialed, transmission 
acknowledged, patient ID data EST 
and ECG lead groups transmitte 
any format required. Error indicą 
are built-in, mistakes engineered 
out. And, while the computer dia 
nosis is automatically sent to a 
printer located elsewhere in you 
facility, the technician is free to 
on. Model 3038 is U.L. approved 
is designed to meet C.S.A. stand 
Call or write: Cambridge Instru 
Company, Inc., 73 Spring Street 
Ossining, NY 10562; (914) 941-8 
or (212) 931-2100. 


Cambridge 
Instrument 


Company, Inc. 
first in electrocardiography 
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Accepted Concepts in Angina Therapy 


= Nitrates are the first line of defense 
f against angina pectoris. 


= The therapeutic goal of oral nitrate 
therapy is an angina-free patient. 


= Titration of dosage is often necessary 
to reach a pain-free state. 





to prevent anginal attacks’ 
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. Titradose tablets make exact dosage adjustment con- 
_. venient—even for elderly patients or those with arthritis 
-Or other disabling disorders. Only Isordil is available 
. in Titradose. 
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the tablet 
easily and 
evenly. 
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ISORDIL TITRADOSE 


i (ISOSORBI DE DINITR ATE )(E.Z. SPLIT") Oral Tablets: 20 mg, 10 mg, and 5 mg 









"Indications: Based on a review of this drug by the National Academy of Sciences— 
paaa Research Council and/or other information, FDA has classified the indications 
as OWS: 

"Possibly" effective: When taken by the oral route, Isordil is indicated for the relief of 
angina pectoris (pain of coronary artery disease). It is not intended to abort the acute 
anginal episode, but is widely regarded as useful in the prophylactic treatment of 
angina pectoris. 

Final classification of the less-than-effective indications requires further investigation. 









Contraindication: Idiosyncrasy to this drug. 

Warnings: Data supporting the use of nitrites during the early days of the acute phase of 
myocardial infarction (the period during which clinical and laboratory findings are unstable) 
are insufficient to establish safety. 

Precautions: Tolerance to this drug and cross-tolerance to other nitrites and nitrates may occur. 
Adverse Reactions: Cutaneous vasodilation with flushing. Headache is common and may 
be severe and persistent. Transient episodes of dizziness and weakness as well as other 
signs of cerebral ischemia associated with postural hypotension may occasionally develop. 
This drug can act as a physiological antagonist to norepinephrine, acetylcholine, histamine, 
and many other agents. An occasional individual exhibits marked sensitivity to the hypoten- 
sive effects of nitrite, and severe responses (nausea, vomiting, weakness, restlessness, 
pallor, perspiration and collapse) can occur even with the usual therapeutic dose. Alcohol 
may enhance this effect. P M and/or exfoliative dermatitis may occasionally occur. 
Dosage: The range is 5 mg to 30 mg q.i.d., with the usual dosage being 10 mg to 20 mg q.i.d. 
Consult direction circular before prescribing. 

May we send youreprints, detailed informationand/or professional samples? 


.*U.S. Pat. Nos. 0224591 and 3883647. 


New York, N.Y. 1001 


DEDICATED TO IMPROVING THE QUALITY 
OF LIFE THROUGH MEDICINE 


IVES LABORATORIES INC. Ga) 
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ergometer and rower 


Finland's leading physical fitness institutions helped design the Tunturi er- 
gometer and rower. The ergometer offers variable watt load range of 25 to 300 w. 
(150 to 14800 kom/ min.) @ 50 rpm. At $340, it is ideal for home cardio pulmonary 
rehabilitation prescription. The new Tunturi rower, at $250, has adjustable oar 
resistance, and is excellent for total body conditioning. 













Sauna 
Fitness Equip 
P.O. Box 
Bellevue, WAS 
Call collect; 206-454 
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bulatory Blood Pressure Recorder. 


Light, compact one-piece unit weighs only 25 ounces. 


The Remler patented Ambulatory Blood Pressure Recorder 
has been in use for more than ten years by leading physicians 
and research institutions throughout the world. It is a proven, 
easy-to-use system that relieves the doctor of the time-consum- 
ing traditional auscultatory procedure. 

Now, by miniaturizing circuits and components, we have pro- 
duced a smaller and easier to wear single-unit version. 

This Model M-2000 records blood pressures during the 
wearer's working or leisure day. Wearing this unobtrusive, light- 
weight device on a belt, any patient can easily record blood 
pressure data onto the micro-cassette as many as fifty times 
daily. This method totally eliminates bias, and the pressor effect 
of an observer’s presence. 

The Remler system is especially useful in determining the 
efficacy of medication in the treatment of hypertension. 
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| AJC-5/77 
| p Company 


Since 1918 e Precision in Electronics 
280 Visitacion Mall *« Brisbane, California 94005 USA «+ (415) 468-3437 


Please send me complete details on the new | 
| Remler M-2000 Ambulatory Blood Pressure Recorder. | 
| 
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KayCiel | 
(potassium chloride) 
VS. 
Diet 





E: ORANGE FLAVORED 
 KayCiel Elixir — KayCiel' Powder 


$ 


F Each 15 ml Each Solodose* packet 

- (20 mEq of potassium (20 mEq of potassium 

_ chloride) contains: chloride) contains: 

- Calories - 17 Calories 0 
Sodium 0mg Sodium 0 mg 


E - CONTRAINDICATIONS: Impaired renal function, untreated Addison's 

— Disease, dehydration, heat cramps and hyperkalemia. 

_ WARNING: Do not use excessively. 

PRECAUTIONS: Administer with caution and adjust to the 
requirements of the individual patient. The patient should be checked 
frequently and periodic ECG and/or plasma potassium levels made. 
Use with caution in patients with cardiac disease. In hypokalemic states, 
attention should be directed toward the correction of the frequently 

- associated hypochloremic alkalosis. 

— Patients should be cautioned to adhere to dilution instructions. 
- ADVERSE REACTIONS: Potassium intoxication indicated by 

- listlessness, mental confusion, paresthesia of the extremities, weakness 
-.. of the legs, flaccid paralysis, fall in blood pressure, cardiac 

— depression, arrhythmias, arrest and heart block. Vomiting, nausea, 
abdominal discomfort and diarrhea may occur. 

OVERDOSAGE: In case of excessive use resulting in hyperkalemia or 
potassium intoxication, discontinue potassium chloride 

administration or take other steps to lower serum levels if indicated. 


: Cooper Compliance Tip 


x Help assure that your older patients take 
« [Į medications properly by printing your 
p instructions in large letters. You might 


JM also send a copy of the instructions to the 
P patient's spouse. Please forward your 
9 compliance tip to Cooper Laboratories, 
| 300 Fairfield Road, Wayne, N.J. 07470, 
Att: W. E. Cronin. 


COOMESHavoratries, Wayne, New Jersey 07470 143-48 


Ann 


“THERMODILUTION INJECTOR = 
FOR GOOD CARDIAC OUTPUT MEASUREMENTS 





* AUTOMATIC REFILLING 

INJECTION RATE: 7ML/SEC 

INJECTION VOLUME: 1 TO 10ML ADJUSTABLE 
POWERED BY COMPRESSED AIR 

REMOTELY OR MANUALLY CONTROLLED 
5000 INJECTION FROM ONE AIR BOTTLE 


“CARDIOMAX”’ CIRCULATORY SYSTEM COMPUTER 


+ + + + + 


MEASURES: 


* CARDIAC OUTPUT 

* MEAN TRANSIT TIME 

* CENTRAL BLOOD VOLUME 
SYSTEMIC RESISTANCE 
THREE BLOOD PRESSURES 


BY 
DYE OR THERMODILUTION 


* + 





Thermodilution Cardiac Output Computer 


"CARDIOTHERM-500" 





*WILL WORK WITH ANY THERMISTOR CATHETER. 

* RECHARGEABLE BATTERY-OPERATED; WILL MAKE 100 CAR- 
DIAC OUTPUT MEASUREMENTS ON ONE BATTERY CHARGE. 
"AUTOMATIC MEASUREMENT AND ENTRY OF BODY TEMPERA- 

TURE AND INDICATOR TEMPERATURE. 
* AUTOMATIC ZEROING. 
*ISOLATED CHART RECORDER OUTPUT. 
*EXTRAPOLATES DILUTION CURVE. 
*SMALL VOLUME ROOM TEMPERATURE INJECTIONS. 
*PRICE: $3,300.00. 






Supplier of individual instruments 


T Ma COLUMBUS INSTRUMENTS rcm 
Phone: (614) 488-6176 950 N. Hague Avenue 
Columbus, Ohio 43204, USA — 








Dosing continuity — — 
hroughout the critical care period 


oxic | 
oncentration | 





Plasma Procainamide 
Hydrochloride (g/ml) 


Minimal 
Effective 
Concentration 


lime 
| V Injection: | V Infusion: Pause: Oral tablets: 
100 mg every 5 minutes 2-6 mg per minute 3 or 4 hours 50 mg/kg/day 
until arrhythmia suppressed Shiv M SEED res Ee before oral 
(up to a maximum dose of 1 gram) LA mer Cardini regimen begun. 
to be administered at a rate 33:661-667, 1974) 


not exceeding 25 to 50 mg/minute. 


ay 
For ventricular "x Pron es tyl 


arrhythmias, Procainamide 
especially Hydrochloride 


following MI 


QUIBB See next page for brief summaries. 


. PRONESTYL* TABLETS 

_ Procainamide Hydrochloride Tablets 

. PRONESTYL* CAPSULES 

| Procainamide Hydrochloride Capsules U.S.P. 
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The prolonged administration of procainamide often leads to the 
development of a positive anti-nuclear antibody (ANA) test with or 
without symptoms of lupus erythematosus-like syndrome. If a positive 
ANA titer develops, the benefit/risk ratio related to continued pro- 
cainamide therapy should be assessed. This may necessitate considera- 
tions of alternative anti-arrhythmic therapy. 


. DESCRIPTION: Pronestyl (Procainamide Hydrochloride) is the amide ana- 
-logue of procaine hydrochloride and is available for oral administration as 
-capsules and veneer-coated tablets providing 250 mg., 375 mg., and 500 mg. 
` procainamide hydrochloride. 


-. CONTRAINDICATIONS: In patients with myasthenia gravis and where a hyper- 
- sensitivity to procainamide exists; bear in mind cross sensitivity to procaine and 
related drugs. Should not be given to patients with complete atrioventricular 
heart block. Contraindicated in cases of second degree and third degree A-V 
- block unless an electrical pacemaker is operative. 


- ADMINISTRATION: Should procainamide therapy be continued for any 
appreciable period, electrocardiograms should be made occasionally to deter- 
mine its further need. | 


. PRECAUTIONS: Evidence of untoward myocardial response should be care- 
fully watched for in all patients. In the presence of myocardial damage with 
atrial fibrillation or flutter, the ventricular rate may increase suddenly as the atrial 
- rate is slowed; adequate digitalization reduces but does not abolish this danger. 
. Ventricular tachysystole is particularly hazardous if myocardial damage exists. 

The dislodgment of mural thrombi producing an embolic episode may occur 
_in correcting atrial fibrillation due to the forceful contractions of the atrium. 
. Extreme caution is required in attempting to adjust the heart rate when ven- 
_ tricular tachycardia has occurred during an occlusive coronary episode or where 
_ the use of procainamide may result in additional depression of conduction and 
ventricular asystole or fibrillation as in second degree and third degree A-V 
block, bundle branch block, or severe digitalis intoxication. 
- Bear in mind when treating ventricular arrhythmias in patients with severe 

organic heart disease and ventricular tachycardia that complete heart block, 

which may be difficult to diagnose, may be present. Since asystole may result if 
the ventricular rate is significantly slowed without attainment of regular atrio- 
ventricular conduction, procainamide should be stopped and the patient re- 
- evaluated. 
_ In the presence of both liver and kidney damage, normal dosage may produce 
symptoms of overdosage — principally ventricular tachycardia and severe hypo- 
tension. 

A syndrome resembling lupus erythematosus has been reported with main- 
_ tenance procainamide therapy. Common symptoms are polyarthralgia, arthritis 
- and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and pericarditis 
—mavy also occur. Rare cases of thrombocytopenia or Coombs-positive hemolytic 
anemia, possibly related to this syndrome, have been reported. Measure anti- 
„nuclear antibody titers at regular intervals in patients on procainamide for 
extended periods of time or in whom symptoms suggestive of lupus-like reaction 
_ appear; in event of rising titer (anti-nuclear antibody) or clinical symptoms of LE, 
assess the benefit/risk ratio related to continued procainamide therapy (see 
boxed Warning). Steroid therapy may be effective if discontinuation of pro- 
- cainamide does not cause remission of symptoms. If the syndrome develops in a 
. patient with recurrent life-threatening arrhythmias not otherwise controllable, 
-steroid-suppressive therapy may be used concomitantly with procainamide. 


| vum REACTIONS: Hypotension is rare with oral administration. Serious 
x 









| urbances of cardiac rhythm such as ventricular asystole or fibrillation are 
more common with I.V. administration. 
- Large oral doses may sometimes produce anorexia, nausea, urticaria, and/or 
ruritus. | f 
A syndrome resembling lupus erythematosus has been reported (see Precau- 
ns). Reactions consisting of fever and chills have been reported, including a 
case with nausea, vomiting, abdominal pain, acute hepatomegaly, and a rise in 
erum glutamic oxaloacetic transaminase following single doses of the drug. 
Agranulocytosis has been occasionally reported following repeated use of the 
drug, and deaths have occurred. Therefore, routine blood counts are advisable 
uring maintenance procainamide therapy; and the patient should be instructed 
report any soreness of the mouth, throat, or gums, unexplained fever or any 
‘symptoms of upper respiratory tract infection. If any of these symptoms should 
` occur and leukocyte counts indicate cellular depression, procainamide therapy 
E hould be discontinued and appropriate treatment should be instituted im- 
mediately. Bitter taste, diarrhea, weakness, mental depression, giddiness, psy- 
- chosis with hallucinations, and hypersensitivity reactions such as angioneurotic 
edema and maculopapular rash have been reported. 
. The package insert should be read carefully to become familiar with the 
recommended dosage for the indicated conditions and for full prescribing 
information. 
| HOW SUPPLIED: Pronestyl Tablets (Procainamide Hydrochloride Tablets) and 
. Pronestyl Capsules (Procainamide Hydrochloride Capsules U.S.P.) providing 250 
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mg., 375 mg., and 500 mg. are available in bottles of 100 and Unimatic® single- 
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. dose packaging in cartons of 100. The 250 mg. and 500 mg. tablets and capsules S UIBB 
are also available in bottles of 1000. ay l9. » 


Procainamide Hydrochloride Injection U.S.P. 


DESCRIPTION: Pronestyl Injection (Procainamide Hydrochloride Injection 
U.S.P.) is a sterile aqueous solution providing 100 mg. or 500 mg. procainamide 
hydrochloride per ml. The 100 mg./ml. potency contains 0.996 (w/v) benzyl 
alcohol and 0.09% sodium bisulfite as preservatives. The 500 mg./ml. potency 
contains 0.176 methylparaben and not more than 0.2% sodium bisulfite as pre- 
servatives. 


CONTRAINDICATIONS: In patients with myasthenia gravis and where a 
hypersensitivity to procainamide exists; cross sensitivity to procaine and related 
drugs must be borne in mind. Should not be given to patients with complete 
atrioventricular heart block. Contraindicated in cases of high-degree A-V block 
unless an electrical pacemaker is operative. 


PRECAUTIONS: Evidence of untoward myocardial response should be care- 
fully watched for in all patients. In the presence of myocardial damage, pro- 
cainamide may produce untoward responses. In atrial fibrillation or flutter, the 
ventricular rate may increase suddenly as the atrial rate is slowed; adequate 
digitalization reduces but does not abolish this danger. If myocardial damage 
exists, ventricular tachysystole is particularly hazardous. The dislodg ment of 
mural thrombi producing an embolic episode may occur in correcting atrial - 
fibrillation due to the forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart rate when ven- 
tricular tachycardia has occurred during an occlusive coronary episode or where 
the use of procainamide may result in additional depression of conduction and 
ventricular asystole or fibrillation as in A-V block, bundle branch block, or severe 
digitalis intoxication. mes 

Parenteral administration should be monitored electrocardiographically when- 
ever practicable. Parenteral administration should be discontinued at once if 
electrocardiograms give evidence of impending heart block. This complication 
should be kept in mind when treating ventricular arrhythmias (especially paren- 
terally) in patients with severe organic heart disease and ventricular tachy- 
cardia who may also have complete heart block. Since asystole may result if the 
ventricular rate is significantly slowed without attainment of regular atrio- 
ventricular conduction, procainamide should be stopped and the patient re- 
evaluated. 

In the presence of both liver and kidney damage, normal dosage may produce 
symptoms of overdosage — principally ventricular tachycardia and severe hypo- 
tension. 

A syndrome resembling lupus erythematosus has been reported with main- 
tenance procainamide therapy. Common symptoms are polyarthralgia, arthritis 
and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and pericarditis 
may also occur. Rare cases of thrombocytopenia or Coombs-positive hemolytic 
anemia, possibly related to this syndrome, have been reported. Measure anti- 
nuclear antibody titers at regular intervals in patients on procainamide for ex- 
tended periods of time or in whom symptoms suggestive of lupus-like reaction 
appear; discontinue drug in event of rising titer or clinical symptoms of LE. 
Steroid therapy may be effective if discontinuation of procainamide does not 
cause remission of symptoms. If the syndrome develops in a patient with recur- 
rent life-threatening arrhythmias not otherwise controllable, steroid-suppressive 
therapy may be used concomitantly with procainamide. 


ADVERSE REACTIONS: Because procainamide is a peripheral vasodilator, LV. 
administration may produce transient but at times severe hypotension partic- 
ularly in conscious patients. I.M. injection is less likely to cause serious falls in 
blood pressure. Serious disturbances of cardiac rhythm such as ventricular ‘asys- 
tole or fibrillation are also more common with I.V. administration. 

A syndrome resembling lupus erythematosus has been reported. Reactions 
consisting of fever and chills including a case with fever and chills plus nau- 
sea, vomiting, abdominal pain, acute hepatomegaly, and a rise in SGOT fol- 
lowing single doses of the drug have been reported. Bitter taste, diarrhea, - 
weakness, mental depression, giddiness, psychosis with hallucinations, hyper- 
sensitivity reactions such as angioneurotic edema and maculopapular rash have 
beca 1eported. Agranulocytosis has been occasionally reported following re- 
peated use of the drug, and deaths have occurred; therefore, routine blood counts 
are advisable during maintenance therapy. If soreness of mouth, throat or gums, 
unexplained fever or any symptoms of upper respiratory tract infection should — - 
occur and leukocyte counts indicate cellular depression, procainamide therapy _ 
should be discontinued and appropriate treatment should be instituted im- 
mediately. 


ADMINISTRATION: Oral administration is preferred. When parenteral therapy 
is necessary, intramuscular administration is the method of choice. /ntravenous 
use should be limited to extreme emergencies, the drug should be administered as 
a dilute infusion, and the patient should be monitored electrocardiographically. — 
The intravenous dose should not exceed 1 gram. Administer at a rate not ex- 
ceeding 25 to 50 mg. per minute. j 

Should procainamide therapy be contirued for any appreciable period, elec- 
trocardiograms should be made occasionally to determine its further need. 

The package insert should be read carefully to become familiar with the 
recommended dosage for the indicated conditions. ` 


HOW SUPPLIED: Pronestyl Injection (Procainamide Hydrochloride Injection 
U.S.P.) is available in 10 ml. vials providing 100 mg./ml. and in 2 ml. vials pro- 
viding 500 mg./ml. | i 
PiThe Priceless Ingredient of every product 
.. is the honor and integrity of its maker.'™ 
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There are no squares at Coratomic 


„nO rectangles or rounds, either. 


Our pacer is designed to be in the body, square or round cans because they are 

not on the bench. Natural organs are easier to produce. But after all... pacers 

smoothly contoured. Nothing would be are made to go in people... at least 

less natural than a rectangular heart or at Coratomic. 

a square kidney. Coratomic’s patented In addition to our unique biocompatible 

ovaloid shape is designed to comple- shape, Coratomic also offers light weight, 

ment the body ...to minimize the chance choice of nuclear or lithium power 

of pocket complications and to maximize source, advanced engineering, proven 

your patient's comfort. reliability, and a service committment 
Other manufacturers prefer pacers in that says total responsibility. 


Our engineering is detailed in illustrated bro- 

chures. Our reliability is documented in an r R 
extensive, 60-page report. To receive d t 

copies, write: Mr. Stephen Cookston, / ejr ejgg[m 
Coratomic Inc., P.O. Box 434, Indiana, 

PA 15701 or call toll-free (800) 245-6886. Electronics getting to the Heart of Medicine 





Extracorporeal 
Balloon Pacing Catheter / 


1 


Extracorporeal 
Arterial Embolectomy 
Catheter 


Extracorporeal 
Wedge Pressure Catheter 





A New Generation 





of Balloon Catheters 


„trom Extrac 


Designed specifically to meet your needs. 


Now you can have balloon catheters that were 
designed with you and your patient in mind. 
Patient safety, ease of insertion, proper 
manipulation and positioning, accurate 
pressure reportings, flexibility and quality 
construction—all were considered in 
designing our balloon catheters. The result: 

a new generation of catheters. So now, 
whatever your specialty, you can select an 
Extracorporeal Balloon Catheter to meet your 
particular requirements. 


Four new Extracorporeal catheters are 
available: Arterial Embolectomy Catheter, 
Wedge Pressure Catheter, Berman 
Angiographic Catheter, and Balloon Pacing 
Catheter. And these new generation catheters 
provide exclusive patient advantages over 
other currently available catheters: 


Tapered Tip—insures that the diameter of the 
deflated balloon cannot exceed the diameter 
of the catheter body. This allows the 
introducer to be properly matched to the 
catheter, and helps reduce blood loss to 

the patient. 


Special Tip Construction—provides the 
largest possible lumen along the entire 


orporeal. 


catheter length, and allows a smaller French 
size to be used than is normally possible 
with other catheters. 


Wide Range of Sizes—Extracorporeal 
Balloon Catheters are offered in more sizes 
than have been previously available anywhere. 


Conveniently Packaged—each catheter is 
packaged individually in a sterile peel-pack 
with a sterile syringe of proper size. 


Also Available: The New Extracorporeal 
Stylet Pacing Catheter. Designed with a soft 
flexible catheter body and removable stylet to 
help minimize the chance of perforation and 
accidental repositioning after placement. 


For further information on Extracorporeal New 
Generation Balloon Catheters, complete and 


extracorporeal 


Extracorporeal Medical Specialties, Inc. 
Royal & Ross Rds.: King of Prussia. Pa 19406 US A- 215-337-2400 


In Europe Write: 


Extracorporeal S.A., 253 Avenue Winston Churchill, 
B-1180 Brussels, Belgium 


d Extracorporeal Medical Specialties, Inc. Asc-5/77 | 
| Royal and Ross Roads : 
3 King of Prussia, Pa. 19406 4 
- Gentlemen: - 
3 | am interested in the new Extracorporeal Balloon Catheters. 3 
[] Please have your professional representative contact me. (7 Please send me additional information. 1 
i Name 5 
à ! 
Title Hospital Affiliation i 

i 
| Address | City E 
I & 
I State Zip Phone I 
1 (Area Code) à 
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_ in selected patients with moderate to severe 
ngina pectoris due to coronary atherosclerosis 
not responsive to conventional measures 


Inderal | 


Brand of 


OlODrano 





ioi hydrochloride 


Tablets 10 mg., 40 mg., 80 mg. 


can bring the hearts oxygen demand 
closer to its available supply 


. Increased exercise tolerance 
with less pain to permit a more 


normal life when the diagnosis of angina 
pectoris has been carefully established, and after 
failure of an adequate trial of such conventional 

- measures as weight control, rest, cessation of 
smoking, use of sublingual nitroglycerin, and 
avoidance of precipitating factors, INDERAL 
may be added to the regimen of selected patients 
with moderate to severe angina pectoris. 

By improving exercise tolerance, INDERAL 
frequently allows the responsive angina patient 
to do more with less pain. Reduction in anginal 
pain in approximately three-quarters of patients 
has been clearly demonstrated in 29 clinical 
studies +?9 Similarly, increased work capacity 
with INDERAL was shown in 14 out of 17 clinical 
trials, 2:8.10,12.13, 15.16 18,22 ,23,25,27,28,30 One study 
found propranolol ineffective.3! In one of these 

investigations, an eight week double-blind 
crossover study, it was found with INDERAL that 
“The number of episodes of pain was reduced, 
nitroglycerin consumption was decreased, and 
exercise tolerance was increased: ? 
| INDERAL should not be continued 
unless there is reduced pain or increased 
work capacity. 


Decreases myocardial 


oxygen demand In patients with coronary 
atherosclerosis, the oxygen supply to the heart 

is usually diminished. When physical effort, 
strain, cold, or other precipitating factors cause 
excessive catecholamine stimulation of the heart, 
myocardial oxygen demand is increased 
beyond the delivery capability of the 
compromised coronary arteries, and anginal 
pain results. In responsive patients, INDERAL 


reduces cardiac work (rate X force of 
contraction) by decreasing heart rate, systolic 
blood pressure, and the velocity and extent of 
myocardial contraction. On the other hand, 
propranolol may increase oxygen requirements 
by increasing left ventricular fiber length, end 
diastolic pressure, and systolic ejection period. 

If the net physiologic effect of INDERAL is 
advantageous, bringing the hearts oxygen 
demand closer to its available supply, this would 
be manifested by delayed onset of pain during 
exercise due to decreased oxygen requirements. 
(See prescribing information.) 


The patients who can 


benefit from INDERAL The antianginal 
activity of INDERAL may benefit selected patients 
with moderate to severe angina pectoris who 
have failed to respond to an adequate trial of 
conventional measures, including weight control, 
cessation of smoking, rest, avoidance of 
precipitating factors, and sublingual nitroglycerin. 
INDERAL should not be used in patients whose 
angina occurs only with considerable effort or 
with infrequent precipitating factors. 

INDERAL is a potent agent which exerts 
both favorable and unfavorable effects. 
Therefore, the diagnosis of angina should be 
more carefully established before prescribing 
INDERAL in moderate to severe angina pectoris 
than may be warranted before beginning 
conventional therapy. Moreover, as one 
investigator has stated, in the face of no 
improvement at all in anginal symptoms with 
propranolol, the diagnosis should be critically 
reviewed and confirmed if necessary with 
additional tests. Due consideration must be 
given to the contraindications and warnings 
associated with beta-adrenergic blockade.  . 


(Please see last page of advertisement for prescribing information.) 
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Complements nitroglycerin 
While INDERAL usually reduces sublingual 
nitroglycerin requirements, the anginal patient 
can benefit from the complementary effects of 
these drugs, since each counteracts the 
oxygen-wasting properties of the other. For 
example, nitroglycerin prevents the prolonged 
ejection time due to propranolol, and propranolol 
antagonizes the reflex tachycardia and 
increased contractility caused by nitroglycerin. 


For successful therapy 


in responsive patients 

Dosage must be individualized. Start with 10-20 
mg. three or four times daily, before meals and at 
bedtime; increase gradually at three to seven day 
intervals until optimum response is obtained. 
Although individual patients may respond at any 
dosage level, the average optimum dosage 
appears to be 160 mg. per day. The value and 
safety of dosage above 320 mg. daily in angina 
pectoris have not been established. 

160 mg. Daily: Average Optimum Dosage 

Effective dosage range in 
89 patients with angina 
pectoris who benefited 
from INDERAL. Duration 

of therapy was 29.4 + 

16.5 months (mean 

+ S.D ). The largest 

group reacted well to 


between 160 and 200 mg. 
of INDERAL daily. 


*The value and safety of 
daily doses of more than 
320 mg. have not been 
established. See 


DOSAGE AND 
ADMINISTRATION and 
OVERDOSAGE OR 
EXAGGERATED 
RESPONSE. 





196 


less than 
120 


120-159 160-200 


DOSE (mg./day) 
After Amsterdam, Gorlin, and Wolfson?* 


201-240 more than 
240'* 


If treatment is to be discontinued, reduce 
dosage gradually over a period of several 
weeks. (See WARNINGS.) 


Beta blockade and cardiac 


failure Inhibition with beta blockade carries the 
potential hazard of depressing myocardial 
contractility and precipitating cardiac failure in 
patients either with or without a history of cardiac 
failure. INDERAL is contraindicated in patients 
with congestive heart failure and heart block 
unless the failure is secondary to a 
tachyarrhythmia treatable with INDERAL. (See 
WARNINGS.) 
Atthe first sign or symptom of impending 
cardiac failure, patients should be fully 
digitalized and/or treated with a diuretic, and the 


., Often more activity with less pain 
Severe angina pectoris 


Inderal 
(propranolol hydrochloride) 
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response observed closely. 
If cardiac failure continues, 
propranolol must be 
immediately withdrawn, 
keeping in mind the need to 
avoid abrupt withdrawal unless required by 
overriding clinical considerations. If the 
congestive heart failure is caused by a 
tachyarrhythmia that is being controlled with 
INDERAL, the agent may be continued with 
extreme caution if digitalis, a diuretic agent, and 
dietary sodium restriction are used concomitantly. 


If therapy is to be discontinued, 
decrease dosage gradually over a 


period of several weeks There have 
been reports of exacerbation of angina and 
occurrence of myocardial infarction occurring in 
angina pectoris patients following abrupt 
discontinuation of INDERAL therapy. The 
patient should be cautioned against interruption 
or cessation of therapy without his physician's 
advice. When discontinuance of chronically 
administered INDERAL is planned, the dosage 
should be gradually reduced over a period of 
weeks and the patient should continue to be 
carefully monitored. (see WARNINGS) 
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propranolol hydrochloride 
A cr ardor blocking agent 


Y PAMI 
; ERGIC RECEPTORS (ALPHA 
AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 


ACTIONS: Beta receptor blockade is useful in 





conditions in which, because of pathologic or 


- functional changes, sympathetic activity is exces- 


sive or inappropriate and detrimental to the 


_ patient. But there are also situations in which sym- 
. pathetic stimulation is vital. For example, in 
. patients with severely damaged hearts, adequate 


ventricular function is maintained by virtue of sym- 
pathetic drive which should be preserved. In the 
presence of AV block, beta blockade may prevent 
the necessary facilitating effect of sympathetic 
activity on conduction. Beta blockade results in 
bronchial constriction by interfering with adren- 


-ergic bronchodilator activity which should be 


preserved in patients subject to bronchospasm. 
The proper objective of beta blockade therapy 
is to decrease adverse sympathetic stimulation 
but not to the degree that may impair necessary 
sympathetic support. 
Propranolol may reduce the oxygen require- 


. ment of the heart at any given level of effort by 


blocking catecholamine-induced increases in 
heart rate, systolic blood pressure, and the veloc- 
ity and extent of myocardial contraction. On the 
other hand, propranolol may increase oxygen 
requirements by increasing left ventricular fiber 
length, end diastolic pressure, and systolic ejec- 
tion period. 

If the net physiologic effect of beta-adrenergic 
blockade in angina is advantageous, it would be 
expected to manifest itself during exercise by 
delayed onset of pain due to decreased oxygen 
requirement. 

INDICATION: Angina Pectoris Due to Coronary 
Atherosclerosis The initial treatment of angina 
pectoris involves weight control, rest, cessation 
of smoking, use of sublingual nitroglycerin, and 
avoidance of precipitating circumstances. 
INDERAL is indicated in selected patients with 
moderate to severe angina pectoris who have not 
responded to these conventional measures. 
Propranolol should not be used in patients with 
angina which occurs only with considerable 
effort or with infrequent precipitating factors. 

INDERAL exerts both favorable and unfavor- 
able effects, the preponderance of which may be 
beneficial. (See ACTIONS Section.) INDERAL 
should not be continued unless there is reduced 
pain or increased work capacity. 

Because of the potential for adverse results, 
treatment should be carefully monitored. The 
patient should also be reevaluated periodically 
since the dosage requirement and the need to 
continue INDERAL may be altered by clinical ex- 
acerbations or remissions. (See DOSAGE AND 
ADMINISTRATION.) 

Additional studies of the effects of INDERAL in 
angina pectoris patients are in progress to better 
evaluate and define the proper role of INDERAL 
in this condition. 


CONTRAINDICATIONS: INDERAL is contra- 
indicated in: 1) bronchial asthma; 2) allergic 
rhinitis during the pollen season; 3) sinus brady- 
cardia and greater than first degree block; 4) 
cardiogenic shock; 5) right ventricular failure 
secondary to pulmonary hypertension; 6) con- 
gestive heart failure (see WARNINGS) unless the 
failure is secondary to a tachyarrhythmia treat- 
able with INDERAL; 7) in patients on adrenergic- 
augmenting psychotropic drugs (including MAO 
inhibitors), and during the two week withdrawal 
period from such drugs. 


WARNINGS: CARDIAC FAILURE: Sympathetic 
stimulation is a vital component supporting circu- 
latory function in congestive heart failure, and 
inhibition with beta-blockade always carries the 
potential hazard of further depressing myocardial 
contractility and precipitating cardiac failure. 
INDERAL acts selectively without abolishing the 
inotropic action of digitalis on the heart muscle 
(i.e. that of supporting the strength of myocardial 
contractions). In patients already receiving digi- 
talis, the positive inotropic action of digitalis may 
be reduced by INDERALS negative inotropic ef- 
fect. The effects of INDERAL and digitalis are addi- 
tive in depressing AV conduction. 
IN PATIENTS WITHOUT A HISTORY OF CAR- 

DIAC FAILURE, continued depression of the 
myocardium over a period of time can, in some 





"this has been o ed NDERAL therapy d p. drug may then produce an in excessive reduc on A 
of the Toing sympathetic nervous activity. Occa- - É 


Therefore, at the first sign ior symptom of im 
ing cardiac failure, patients should be fully digi- 
talized and/or given a diuretic, and the response 
observed closely: a) if cardiac failure continues, 
despite adequate digitalization and diuretic ther- 
apy, INDERAL therapy should be immediately 
withdrawn; b) if tachyarrhythmia is being con- 
trolled, patients should be maintained on com- 
bined therapy and the patient closely followed 
until threat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, 
there have been reports of exacerbation of 
angina and, in some cases, myocardial in- 
farction, following abrupt discontinuation of 
INDERAL therapy. Therefore, when discon- 
tinuance of INDERAL is planned the dosage 
should be gradually reduced and the patient 
carefully monitored. In addition, when 
INDERAL is prescribed for angina pectoris, 


| the patient should be cautioned against inter- 


ruption or cessation of therapy without the 
physicians advice. If INDERAL therapy is 
interrupted and exacerbation of angina 
occurs, it usually is advisable to reinstitute 
INDERAL therapy and take other measures 
appropriate for the management of unstable 
angina pectoris. Since coronary artery dis- 

. ease may be unrecognized, it may be pru- 
dent to follow the above advice in patients 
considered at risk of having occult atheroscle- 
rotic heart disease, who are given propran- 
olol for other indications. 


IN PATIENTS WITH THYROTOXICOSIS, pos- 
sible deleterious effects from long term use have 
not been adequately appraised. Special consid- 
eration should be given to propranolol's potential 
for aggravating congestive heart failure. 
Propranolol may mask the clinical signs of 
developing or continuing hyperthyroidism or 
complications and give a false impression of im- 
provement. Therefore, abrupt withdrawal of pro- 
pranolol may be followed by an exacerbation of 
symptoms of hyperthyroidism, including thyroid 
storm.This is another reason for withdrawing 
propranolol slowly. Propranolol! does not distort 
thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON- 
WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachy- 
cardia was replaced by a severe bradycardia re- 
quiring a demand pacemaker. In one case this 
resulted after an initial dose of 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with 
agents that require catecholamine release for 
maintenance of adequate cardiac function, beta 
blockade will impair the desired inotropic effect. 
Therefore, INDERAL should be titrated care- 
fully when administered for arrhythmias occurring 
during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SUR- 
GERY, beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, 
with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to 
surgery, at which time all chemical and physio- 
logic effects are gone according to available evi- 
dence. However, in case of emergency surgery, 
since INDERAL is a competitive inhibitor of beta 
receptor agonists, its effects can be reversed by 
administration of such agents, e.g. isoproterenol 
or levarterenol. However, such patients may be 
subject to protracted severe hypotension. Diffi- 
culty in restarting and maintaining the heart beat 
has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC 
BRONCHOSPASM (e.g., CHRONIC BRON- 
CHITIS, EMPHYSEMA), INDERAL should be 
administered with caution since it may block 
bronchodilation produced by endogenous and 
exogenous catecholamine stimulation of beta 
receptors. 

DIABETICS AND PATIENTS SUBJECT TO 
HYPOGLYCEMIA: Because of its beta-adrenergic 
blocking activity, INDERAL may prevent the ap- 
pearance of premonitory signs and symptoms 
(pulse rate and pressure changes) of acute hypo- 
glycemia. This is especially important to keep in 
mind in patients with labile diabetes. Hypogly- 
cemic attacks may be accompanied by a precipi- 


- tous elevation of blood pressure. 


USE IN PREGNANCY: The safe use of 
INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or 
women of childbearing potential requires that 
the possible risk to mother and/or fetus be 
weighed against the expected therapeutic bene- 
fit. Embryotoxic effects have been seen in animal 
studies at doses about 10 times the maximum 
recommended human dose. 

PRECAUTIONS: Patients receiving catechola- 
mine depleting drugs such as reserpine should 
be closely observed if INDERAL is administered. 





sionally, the pharmacologic activity of INDERAL — 
may produce hypotension and/or marked brady- | 
cardia resulting in vertigo, syncopal attacks, Or — 
orthostatic hypotension. 

As with any new drug given over prolonged 
periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be 
used with caution in patients with impaired renal 
or hepatic function. 


ADVERSE REACTIONS: Cardiovascular: brady- — 
cardia; congestive heart failure; intensification 
of AV block; hypotension; paresthesia of hands; 
arterial insufficiency, usually of the Raynaud type; 
thrombocytopenic purpura. Ak 
Central Nervous System: lightheadedness; FY 
mental depression manifested by insomnia, lassi- . 
tude, weakness, fatigue; reversible mental — — 
depression progressing to catatonia; visual dis- 
turbances; hallucinations; an acute reversible 
syndrome characterized by disorientation for 
time and place, short term memory loss, emo- 
tional lability, slightly clouded sensorium, and 
decreased performanceon neuropsychometrics. 
Gastrointestinal: nausea, vomiting, epigastric - 
distress, abdominal cramping, diarrhea, con- > 
stipation. Lae 
Allergic: pharyngitis and agranulocytosis, —— 
erythematous rash, fever combined with aching — 
and sore throat, laryngospasm and respiratory 
distress. 
Respiratory: bronchospasm. 
Hematologic: agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 
Miscellaneous: reversible alopecia. Oculo- 
mucocutaneous reactions involving the skin, 
serous membranes and conjunctivae reported PY OUR 
for a beta blocker (practolol) have notbeencon- 
clusively associated with propranolol, | 3 
Clinical Laboratory Test Findings: Elevated "oM 
blood urea levels in patients with severe heat . .— 
disease, elevated serum transaminase, alkaline 
phosphatase, lactate dehydrogenase. 


DOSAGE AND ADMINISTRATION: T 
The dosage range for INDERAL is different for Ya 
each indication. 
ORAL NM 
ANGINA PECTORIS — Dosage must be indi-. $ 
vidualized. Starting with 10-20 mg three or four . : 
times daily, before meals and at bedtime, dose uit 
should be gradually increased at three to seven - 
day intervals until optimum response is obtained. 
Although individual patients may respond at any 
dosage level, the average optimum dosage ap- - 
pears to be 160 mg per day. In angina pectoris, 
the value and safety of dosage exceeding 320 mg - 
per day have not been established. 

If treatment is to be discontinued, reduce 
dosage gradually over a period of several weeks. 
(See WARNINGS.) 

PEDIATRIC DOSAGE 

At this time the data on the use of the drug in 
this age group are too limited to permit adequate 
directions for use. 


OVERDOSAGE OR EXAGGERATED 
RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAG- 
GERATED RESPONSE, THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED: 

BRADYCARDIA—ADMINISTER ATROPINE 
(0.25 to 1.0 mg): IF THERE IS NO RESPONSE 
TO VAGAL BLOCKADE, ADMINISTER 
ISOPROTERENOL CAUTIOUSLY. 

CARDIAC FAILURE —DIGITALIZATION 
AND DIURETICS. 

HYPOTENSION —VASOPRESSORS, e. g i 
LEVARTERENOL OR EPINEPHRINE (THERE 
IS EVIDENCE THAT EPINEPHRINE IS THE 
DRUG OF CHOICE.) 

BRONCHOSPASM —ADMINISTER ISO- 
PROTERENOL AND AMINOPHYLLINE. 


HOW SUPPLIED 
INDERAL 
(propranolol hydrochloride) 
TABLETS 
No. 461— Each scored tablet contains 10 mg of 
propranolol hydrochloride, in bottles of 1 
and 1,000. Also in unit dose package of 100. 
No. 464 —Each scored tablet contains 40 mg of 
propranolol hydrochloride, in bottles of 100 
and 1,000. Also in unit dose package of 100. 
No. 468 —Each scored tablet contains 80 mg of 
propranolol hydrochloride, in bottles of 100 
and 1,000. Also in unit dose package of 100. 
INJECTABLE 
No. 3265 —Each ml contains 1 mg of propran- 
olol hydrochloride in Water for Injection. The 
pH is adjusted with citric acid. Supplied as: 
1ml ampuls in boxes of 10. 7706 


AYERST LABORATORIES Ayerst. 
New York. N.Y. 10017. 
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a lithium pacemaker 
back in 1972, CPI 
had it ready 


CPI was there 4 years ago, when a reliable 
lithium-powered pacemaker was needed. It was 
CPI that pioneered the successfu! use of lithium 
pulse generators for cardiac pacing. As a result. 
since 1972, physicians have used CPI pacemakers 
for effective long-term patient treatment in over 
12,000 men, women and children. 


CPI lithium pacemaker technology has had 

more successful clinical experience than any other 
lithium pulse generator in the industry and is 
already into its second generation 


This second generation is MINILITH® It is one 

of the smallest, lightest, lithium-powered pacemakers 
available for clinical use today. Since 1974, there 
have been more than 2,000 documented implants 
The MINILITH, with its reliable lithium power 
source, is warranteed for 4 years. Its hybrid circuitry 
is built to meet rigid performance standards 
redundant hermetic sealing ensures total isolation 
from the body's moist, hostile environment 


MINILITH's compactness and lighter weight 

assure patient comfort. At the same time, CPI's 
technology, high quality assurance standards, and 
years of experience provide the physician with 
ensured pacemaker longevity and dependable 
reliability. And a potentially longer, more comfortable 
life for the patient. 


That's been the primary benefit since we pioneered 
lithium pacemakers, back in 1972 


...Ofthe three 

major pacemaker 
companies, 

CPI is No. 4 in lithium. 





CARDIAC PACEMAKERS, INC. 


4100 NORTH HAMLINE AVENUE 

ST. PAUL, MINNESOTA 55112 U.S.A 
TELEPHONE: (612) 631-3000 

CABLE: CARDIAPACE, ST. PAUL/TELEX 29-7049 


*Clinical data available upon reauest 
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(pentaerythritol tetranitrate) 10 mg 
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Use Infrasonde" for accurate 


. blood pressure 


The Infrasonde? Electronic Blood Pressure Monitor 
(Model 3000) for critically ill patients of all ages 
and conditions. This specially designed indirect 
blood pressure monitor works well on the pre- 
mature neonate and the very obese adult. 

The unique infrasonic pulse detection system 
utilized on the Infrasonde is so sensitive that 


determinations can often be made when no periph- 


eral pulse is detectable by either palpation or 
auscultation. Infrasonde detects arterial wall flutter 
at sub-audible frequencies. The signal is converted 
to an AM-FM modulated audio tone for easy 
systolic and diastolic determinations. Automatic 
gain control provides a more accurate diastolic 
reading. 

Infrasonde's improved transducer is more rugged 
and less papensive than those on ultrasonic devices. 


4 different cuff 


With a wide A unique dual 
- Sizes, for range of cuffs differential 
neonate to ` available, transducer 
pediatric. blood uses two 
Suitable also ressures can piezoelectric 
for use with the e obtained on transducers 


connected in 
opposition to 


small pre- 


the thigh, calf 
mature infant. 


or forearm as 


well as the minimize the 

upper arm. effect of 
mechanical 
vibrations. 


For complete information call or write your 
local distributor or contact us direct at: 


Marion Scientific Corporation 


ener 

a Marion Laboratories Company 
IMI 9233 Ward Parkway 

Kansas City, Missouri 64114 
TES E. 260 


Phone (816) 361-6222 





CAUTION: Federal law prohibits dispensing without prescription. 
Description: Each tablet of Peritrate SA Sustained Action contains: 
pentaerythritol tetranitrate 80 mg (20 mg in immediate release layer 
and 60 mg in sustained release base). Each tablet of Peritrate 40 mg 
contains pentaerythritol tetranitrate 40 mg. Each tablet of Peritrate 
20 mg contains pentaerythritol tetranitrate 20 mg. Each tablet of 
Peritrate 10 mg contains pentaerythritol tetranitrate 10 mg. Peritrate 
{pentaerythritol tetranitrate) is a nitric acid ester of a tetrahydric 
alcohol (pentaerythritol). 


Indications: Based on a review of this drug by the National 
Academy of Sciences—National Research Council and/or 
other information, FDA has classified the indications as 
follows: . 

"Possibly" effective: Peritrate (pentaerythritol tetranitrate), is 


indicated for the relief of angina pectoris (pain associated with 
coronary artery disease). It is not intended to abort the acute 
anginal episode but it is widely regarded as useful in the pro- 
ji her treatment of angina pectoris. 

inal classification of the less-than-effective indications 
requires further investigation. 





Contraindications: Peritrate SA Sustained Action (pentaerythritol 
tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are 
contraindicated in patients who have a history of sensitivity to the 
drug. 

Warning: Data supporting the use of Peritrate (pentaerythritol tetra- 
nitrate) during the early days of the acute phase of myocardial 
infarction (the period during which clinical and laboratory findings 
are unstable) are insufficient to establish safety. 

This drug can act as a physiological antagonist to norepi- 
nephrine, acetylcholine, histamine, and many other agents. 
Precautions: Should be used with caution in patients who have 
alaucoma. Tolerance to this drug, and cross-tolerance to other 
mitrites and nitrates may occur. 

Adverse Reactions: Side effects reported to date have been pre- 
Gominantly related to rash (which requires discontinuation of medi- 
cation) and headache and gastrointestinal distress, which are 
usually mild and transient with continuation of medication. In some 
cases severe, persistent headaches may occur. 

In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and weakness, as well as 
other signs of cerebral ischemia associated with postural 
hypotension, may occasionally develop. 

(c) An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, perspiration and col- 
lapse) can occur, even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate (pentaerythritol tetranitrate) may be administered 
in individualized doses up to 160 mg a day. Dosage can be initiated 
at one 10 mg or 20 mg tablet q.i.d. and titrated upward to 40 mg 
(two 20 mg tablets or one 40 mg tablet) q.i.d. one-half hour before 
or one hour after meals and at bedtime. Alternatively, Peritrate Sus- 
tained Action 80 mg can be administered on a convenient b.i.d. 
dosage schedule. 

Supplied: Peritrate SA Sustained Action (pentaerythritol tetrani- 
trate) 80 mg—double-layer, biconvex, dark green/light green tablets 
insbottles of 100 (N 0047-0004-51) and 1000 (N 004 7-0004-60). Also 
unit dose, package of 10 x 10 strips (N 0047-0004-11 ). 

Peritrate (pentaerythritol tetranitrate) 40 mg—pink scored tablets 
in bottles of 100 (N 0047-0008-51 ). 

Peritrate (pentaerythritol tetranitrate) 20 mg—light green, scored 
tablets in bottles of 100 (N 0047-0001-51) and 1000 (N 0047-0001-60). 
Also unit dose, package of 10 x 10 strips (N 0047-0001-11). 

Peritrate (pentaerythritol tetranitrate) 10 mg—light green, 
unscored tablets in bottles of 100 (N 0047-0007-51) and 
1000 (N 0047-0007-60). 

STORE BETWEEN 59? and 86? F (15? and 30? C). 

Animal Pharmacology: In a series of carefully designed studies in 
pies, Peritrate (pentaerythritol tetranitrate) was administered for 48 
hours before an artifically induced occlusion of a major coronary 
artery and for seven days thereafter. The pigs were sacrificed at 
various intervals for periods up to six weeks. The result showed a 
significantly larger number of survivors in the drug-treated group. 
Damage to myocardial tissue in the drug-treated survivors was less 
extensive than in the untreated group. Studies in dogs subjected to 
oligemic shock through progressive bleeding have demonstrated 
that Peritrate (pentaerythritol tetranitrate) is vasoactive at the post- 
arteriolar level, producing increased blood flow and better tissue 
perfusion. These animal experiments cannot be translated to the 
drug's actions in humans. 

Fui! information is available on request. 


Warner / Chilcott 

- Division, 
Warner-Lambert Company 
Morris Plains, N.J. 07950 
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research irom Dow. 


tablets 
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Specific new approach to cholesterol lowering. 


LORELCO is unrelated chemically to any other cholesterol-owering agent presently available. 


LORELCO, in combination with diet, yields 
significant reductions in serum cholesterol. 


As indicated in the figure at right: 


O At point A, patients in two groups A 
were placed on a diet low in 0 
cholesterol and saturated fat. 


[.] At point B, one group of patients 
(red line) was started on therapy with 
LORELCO, two 250 mg. tablets twice 
daily, in addition to diet. Over the next 
3 months, this group showed further 
reduction in serum cholesterol, 
significantly below that achieved with 
diet alone. The other group (blue line) 
received placebo while diet therapy 
was continued. No additional 
reduction in serum cholesterol levels 
was noted. 


Per cent Change 
ER 


O At point C, the two groups were 
crossed over. Serum cholesterol 
levels increased rapidly when the 
group formerly receiving LORELCO 
was given placebo. Conversely, a 
sharp reduction in serum cholesterol 
occurred in the group given 
LORELCO instead of placebo. 


Sustained reduction in serum cholesterol. 


In long-term studies of 882 patients on various diets, 
regardless of fat or cholesterol content, 315 were main- 
tained on LORELCO over a period exceeding four years. 
A significant reduction in mean serum cholesterol levels 
in that group was sustained throughout the study. 


It's well-tolerated. 

Diarrhea, the most common side effect occurred in 
about one patient in ten. Treatment was discontinued in 
about one patient in thirty because of side effects, 
mainly gastrointestinal disturbances. 


Its convenient for your patients. 
LORELCO offers convenient twice-a-day dosage. 
There's no noon-time dose to remember or forget. 
No inconvenient mixing or stirring. 


Special note. 

LORELCO is metabolized and excreted over a 
period of months. LORELCO is not recommended 
for use during pregnancy or in women contemplating 
pregnancy within 6 months. 










LORELCO 
PLUS DIET* — 


2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 


Weeks of Treatment 


*Values calculated as of last week in test periods. 


LORELCO 


PROBUCOL 
Chart the course 
that's specific. 


<> 


It has not been established whether the drug-induced 
lowering of serum cholesterol or triglyceride levels has a 
beneficial effect, no effect, or a detrimental effect on the 
morbidity or mortality due to atherosclerosis including 
coronary heart disease. Current investigations now in 
progress may yield an answer to this question. 


Dow Pharmaceuticals 
The Dow Chemical Company 
Indianapolis, Indiana 46268 





See complete product information on next page. 
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PROBUCOL 


Chart the specific course in cholesterol therapy. 2 tablets b.i.d. 


c 





DESCRIPTION: - 

LORELCO (probucol) is an agent for the reduc- 
tion of elevated serum cholesterol. The chemi- 
cal name is 4,4'-(isopropylidenedithio) bis (2,6- 
di-t-butylphenol). Its chemical structure does 
not resemble that of any other available choles- 


A terol-lowering agent. It is lipophilic. 


CLINICAL PHARMACOLOGY: 

The pharmacological mode of action by which 
LORELCO lowers serum cholesterol levels is 
unknown. However, there is no increase in the 
cyclic precursors of cholesterol, namely des- 
mosterol and 7-dehydrocholesterol. On this 
basis it is concluded that LORELCO does not 
affect the later stages of cholesterol biosyn- 
thesis. 

` Absorption of LORELCO from the gastroin- 
testinal tract is limited and variable. When it is 
administered with food, peak blood levels are 
higher and less variable. With continuous ad- 
ministration in a dosage of 500 mg b.i.d., the 
blood levels of an individual gradually increase 
over the first three to four months and there- 
after, remain fairly constant. 

At the end of 12 months of treatment in eight 
patients, blood levels averaged 19.0 ug/ml and 
ranged from 7.3 to 29.8 ug/ml. Six weeks after 
cessation of therapy, the average had fallen 60 
per cent to 7.8 «g/ml (range from 3.2 to 16.3 
ug/ml). After six months the average had fallen 
80 per cent to 3.6 «g/ml (range from 1.5 to 6.0 
ug/ml). 


INDICATIONS AND USAGE: 

Since no drug is innocuous, strict attention 
should be paid to the indications and contra- 
indications, particularly when selecting drugs 
for chronic long term use. 

LORELCO is indicated as adjunctive therapy 
to diet for the reduction of elevated serum 
cholesterol in patients with primary hyper- 
cholesterolemia (elevated low density lipopro- 
teins). LORELCO may be useful to lower ele- 
vated cholesterol that occurs in patients with 
combined hypercholesterolemia and hyper- 
triglyceridemia, but it is not indicated where 
hypertriglyceridemia is the abnormality of most 
concern. 


It has not been established whether the drug- 
induced lowering of serum cholesterol or tri- 
glyceride levels has a beneficial effect, no effect, 
or a detrimental effect on the morbidity or mor- 


-tality due to atherosclerosis including coronary 


heart disease. Current investigations now in 
progress may yield an answer to this question. 


CONTRAINDICATIONS (See also precautions): 
LORELCO is contraindicated in patients who 
are known to have a hypersensitivity to it. 


PRECAUTIONS: 


. Before instituting therapy with LORELCO an 


attempt should be made to control serum cho- 
lesterol by appropriate dietary regimens, weight 
reduction, and the treatment of any under- 
lying disorder which might be the cause of the 
hypercholesterolemia. 

Because LORELCO is intended for long-term 
administration, adequate baseline studies 


should be performed to determine that the 


patient has elevated serum cholesterol levels. 
Serum cholesterol levels should be determined 
frequently during the first few months of treat- 
ment and periodically thereafter. A favorable 
trend in cholesterol reduction should be evi- 
dent during the first two months of probucol 
administration. The regimen should be followed 
as long as the trend continues. A decision 
should be made by the sixth month whether 
adequate reduction is being attained. 

A baseline for serum triglycerides should 
also be established and serum triglyceride 
levels should be determined periodically. If a 
marked sustained rise in serum triglycerides is 
observed during probucol therapy, considera- 
tion should be given to improved diet compli- 
ance, alcohol abstinence, further calorie re- 
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striction or adjustment of carbohydrate intake. 
LORELCO (probucol) should not be continued if 
hypertriglyceridemia persists. 

Neither oral hypoglycemic agents nor oral 
anticoagulants alter the effect of LORELCO on 
serum cholesterol. The dosage of these agents 
is not usually modified when given with 
LORELCO. 

Use in Pregnancy: Reproduction studies have 
been performed in rats and rabbits and have 
revealed no evidence of impaired fertility or 
harm to the fetus due to LORELCO. Because 
there are no adequate studies in pregnant 
women, use of this drug in pregnancy is not 
recommended. Furthermore, if a patient wishes 
to become pregnant, it is recommended that 
the drug be withdrawn, and birth control pro- 
cedures be used for at least six months be- 
cause of persistence of the drug in the body 
for prolonged periods. (See Clinical Pharma- 
cology.) 

Use in Nursing Mothers: It is not known 
whether this drug is excreted in human milk, 
but it is likely to be since such excretion has 
been shown in animals. It is recommended that 


nursing not be undertaken while a patient is- 


on LORELCO. 
Use in Children: Safety and effectiveness 
in children have not been established. 


ADVERSE REACTIONS: 

The adverse reactions associated with LOR- 
ELCO are generally mild to moderate and of 
short duration. 

The most commonly affected system is the 
gastrointestinal tract. Diarrhea occurs in about 
one in 10 patients. Other adverse gastroin- 
testinal reactions in descending order of fre- 
quency are: flatulence, abdominal pain, nausea 
and vomiting. These reactions are usually 
transient and seldom require the drug to be 
discontinued. During the clinical studies, LOR- 
ELCO was discontinued in about 2 per cent of 
the patients because of adverse gastroin- 
testinal reactions. 

Less frequent adverse reactions are: hyper- 
hidrosis, fetid sweat and angioneurotic edema 
which were reported in less than one in 500 
subjects. 

An idiosyncratic reaction characterized by 
dizziness, palpitations, syncope, nausea, vomit- 
ing and chest pain has been reported. 

Other events have been reported in patients 
treated with LORELCO. The relationship be- 
tween these events and probucol is not well 
established. In this group are included totally 
subjective complaints which are attributed to 
drugs even though many individuals have 
symptoms of this sort in the absence of drug 
ingestion. Also included are events which 
could have been produced by the patient's 
state or other modes of therapy. The most fre- 
quent were headaches, dizziness, paresthesias 
and eosinophilia observed in about one of each 
50 subjects. Consistently low hemoglobin and/ 
or hematocrit values were observed in about 
one of each 100 patients. Less frequent were: 
rash, pruritus, impotency, insomnia, conjunc- 
tivitis, tearing, blurred vision, tinnitus, dimin- 
ished sense of taste and smell, enlargement 
of a multinodular goiter, anorexia, heartburn, 
indigestion, gastrointestinal bleeding, ecchy- 
moses and petechiae, decreased hemoglobin, 
thrombocytopenia, nocturia, and peripheral 
neuritis. These were observed in the range of 
one to six per thousand subjects. 

Elevations of the serum transaminases (glu- 
tamic-oxalacetic and glutamic-pyruvic), biliru- 
bin, alkaline phosphatase, creatine phospho- 
kinase, uric acid, blood urea nitrogen and blood 
glucose above the normal range were observed 
on one or more occasions in various patients 
treated with LORELCO. Most often these were 
transient and/or could have been related to 
the patient's clinical state or other modes of 
therapy. Although the basis for the relationship 


between probucol and these abnormalities is 
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not firm, the possibility that some of these are 
drug related cannot be excluded. In the con- 
trolled trials, the incidence of abnormal labora- 
tory values was no higher in the patients 
treated with probucol than in the patients 
who received placebo. 


DOSAGE AND ADMINISTRATION: 

For adult use only. The recommended dose is 
500 mg (2 tablets of 250 mg each) twice daily 
with the morning and evening meals. 


CAUTION: Federal law prohibits dispensing - 
without prescription. 


HOW SUPPLIED: 
Each film-coated tablet contains 250 mg 
probucol and is imprinted with the DOW 
diamond trademark over the code number 51. 
Bottles of 120 tablets, a 30-day supply for 
one patient (NDC 0183-0051-26). Unit dose 
packages of 112 tablets (NDC 0183-0051-71). 
Keep well closed. Store in a dry place, avoid 
excessive heat and dispense in light-resistant - 
containers. 


ANIMAL PHARMACOLOGY AND TOXICOLOGY: - 
From studies in rats, dogs and monkeys it is | 
known that probucol accumulates slowly in - 
adipose tissue. Approximately 90 per cent of 
probucol administered orally is unabsorbed. 
For that which is absorbed, the biliary tract is 
the major pathway for clearance from the body. 
After a single dose approximately 10 per cent . 
of the absorbed drug was recovered from bile 
collected from rats over a period of 30 hours. 
Very little is excreted by way of the kidneys. 
Following a single intravenous injection in rats, 
only one per cent of the drug was recovered 
in the urine over a 24-hour period. 

Probucol has shown no identifiable toxicity 
in mice, rats and monkeys. In mice and rats 
the LDso (oral) is in excess of five grams per 
kilogram of body weight. Two-year chronic 
toxicity studies in rats and a study in monkeys 
exceeding seven years in duration have shown 
probucol to be without adverse effect. a7 

During the performance of a two-year chronic 
study involving 32 probucol-treated dogs (bea- 
gles), there were 12 fatalities. The behavior, 
physical condition, laboratory findings and 
post-mortem evaluations were considered to be 
within normal limits. 

Subsequent experiments have indicated that 
probucol sensitizes the canine myocardium to ` 
epinephrine resulting in ventricular fibrillation 
in many dogs. 

Among the animal species in which probucol _ 
has been studied, the dog is peculiar with 


respect to the phenomenon of sudden death ` 


and the sensitization of the myocardium to - 
epinephrine. In contrast to findings in the dog, 
injections of epinepurine to probucol-treated 
monkeys did not induce ventricular fibrillation. 
In other studies, monkeys were given probucol - 
either before and after, or only after myocardial 
infarction induced by coronary artery ligation. 
In these studies there was no difference be- 
tween probucol and placebo-treated groups 
with respect to either survival or detailed blind 
quantitation of myocardial changes (gross 
and histopathologic). 

Myocardial injury was produced in various 
groups of rats by one of the following proce- 
dures: aortic coarctation, coronary ligation, or 
cobalt or isoproterenol injection. After probucol 
administration no deleterious effects related to 
treatment occurred as measured by survival 
and microscopic examination of myocardial 
damage. s 

„Probucol was administered to minipigs begin- 
ning 10 days before ligation of a coronary 
artery and continued for 60 days post surgery. 
Challenge with epinephrine at the end of 60 
days failed to induce ventricular fibrillation in 
any of the coronary ligated, probucol-treated 
minipigs. | 

In summary, probucol is toxic to the dog; the 
target organ is the heart. This phenomenon 
appears to be unique to the dog. Toxic effects 
were not identified in four other species. 
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Ambulatory 24 hour electrocardiographic monitoring was performed in . 
124 patients before cardiac catheterization and coronary angiography. - 
Ventricular premature beats were demonstrated in 83 percent of all pa- - 
tients. Ectopic activity persisted for at least 3 of the 24 hours in 75 percent - 
of the 84 patients with coronary heart disease, 61 percent of 28 with other - 
heart disease and in 24 percent of 12 normal subjects. The prevalence - 
and grade of ventricular premature beats were increased in the 57 patients 
with multivessel disease compared with values in the 27 patients with one - 
vessel disease (P « 0.01). Findings in the latter group did not differ from - 
those of normal subjects. The presence of elevated left ventricular end- - 
diastolic pressure or asynergy was associated with increased ventricular - 
ectopy. Of 15 patients having both asynergy and elevated left ventricular 
end-diastolic pressure (more than 19 mm Hg), 40 percent had paroxysms 
of ventricular tachycardia and 67 percent had coupled beats; these - 
findings were present in 6 and 12 percent, respectively, of the 34 patients - 
without asynergy or pressure abnormality (P «0.005). Repeat monitoring 
performed in 65 patients demonstrated greater reproducibility of advanced 
grades of ventricular premature beats among those with the most severe - 
lesions. For the individual patient the prevalence and grade of ventricular | 
ectopy may not always correlate with the severity of coronary artery - 
disease or degree of left ventricular dysfunction. 


The ventricular premature beat may be a harbinger of ventricular fi- 
brillation in patients with acute myocardial infarction.!? It is an indicator | 
of increased risk for sudden death in subjects with coronary heart dis- 
ease.?-? But ventricular premature beats are commonly present in normal 
adults and usually are completely innocuous. They were identified in 
62 percent of 283 overtly healthy middle-aged ambulatory men during 
a monitoring period of 6 hours‘ and in nearly 85 percent of patients with 
coronary heart disease monitored for 12 hours.9 Thus, the mere presence 
of ventricular premature beats provides little prognostic information. 
It has been proposed, therefore, that ventricular premature beats be 
graded on the basis of frequency, multiform configuration, repetitive 
pattern and degree of prematurity and it has been suggested that the 
risk predictive element of such beats is related to the occurrence of . 
certain advanced grades.? Preliminary reports of monitoring studies are — 
in accord with this thesis.9:7.10-12 
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_ . The mortality from coronary heart disease is closely 
. related to the extent of coronary arterial involvement 
. and to the degree of deranged myocardial function. The 
. association of advanced grades of ventricular ectopic 
activity with increased risk of death suggests that these 
grades reflect extensive cardiac disease. However, it is 
uncertain whether ventricular premature beats con- 
_ stitute independent variables or merely reflect the ex- 
. tent of cardiac disease. If the latter is the case, it is not 
precisely documented whether the decisive factor in 
. provoking arrhythmia is the magnitude of the coronary 
. arterial lesion or the extent of ventricular functional 
impairment. This study addresses itself to these ques- 
_ tions with the objective of defining the association be- 
_ tween the occurrence of various grades of ventricular 
premature beats with coronary arterial lesions and 
. ventricular malfunction as assessed with coronary an- 
- giography and ventriculography. 


xD 
I r ne tae > 


ANE 


DR UE Ae ee 


at 


A. 


SET 


Material and Methods 


. Subjects: Ambulatory monitoring was performed in 124 
consecutive patients admitted to the Cardiovascular Service 
of the Peter Bent Brigham Hospital with known or suspected 
coronary heart disease, a chest pain syndrome or another form 
_of heart disease whose management required a knowledge of 
. coronary arterial anatomy. Of this group, 89 were men and 35 
. were women; their mean age was 49.4 + 10.8 [standard de- 
. viation] years (range 26 to 64 years). 
Coronary heart disease was diagnosed in 84 patients. 
- Sixty-three had had a prior documented acute myocardial 
infarction and 18 had typical angina pectoris; of the 3 re- 
 maining patients, 2 were admitted for evaluation of arrhyth- 
. mias and 1 for idiopathic hypertrophic subaortic stenosis. A 
.. chest pain syndrome was present in a further 29, and 1 of these 
~ patients had idiopathic hypertrophic subaortic stenosis. The 
remaining 11 had valvular heart disease. 

. All patients gave informed consent for both cardiac cathe- 
terization studies and monitoring procedures. The 24 hour 
. monitoring session commenced with the patient's arrival at 
the hospital and was conducted on a day devoted to clinical 
- Studies. Sixty-five patients underwent a monitoring session 
- during the final 24 hours of hospitalization, generally a quiet 
- day during which the patient was unrestricted in activity. The 
_ selection of patients for this second session was random and: 
Krotermined solely by the availability of monitoring equip- 
. ment. 

b Monitoring technique: Patients were connected to the 
- portable monitor with standard disposable silver-silver 
_ chloride electrodes, employing a modified lead II configura- 
- tion. One lead was positioned on the upper right thorax, below 
_ the middle third of the clavicle, another at the sixth left in- 
. tercostal space; the ground lead was secured over the lower 
_ right anterolateral thorax. The cassette tape unit was worn 
. on a belt around the waist and did not hamper the patient's 
- mobility. An hourly event sheet was provided for checking off 
_ activities, sleep-wake status, medications and symptoms. 

_ Continuous 24 hour electrocardiographic recordings were 
- obtained with a portable cassette tape unit developed by the 
. American Optical Corporation, Bedford, Massachusetts. The 
_ recorder measures 13.5 by 10.3 by 4.8 cm and weighs, with 
_ batteries and carrying pouch, 0.67 kg. It is powered by two 7 
- v mercury batteries, type TR 135, and is driven by an alter- 
! nating current synchronous motor at a tape speed of ap- 
proximately 2 mm/sec. Frequency modulation recording 
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Standard TKD Superdynamic C-120 cassettes permit data 
acquisition for the full 24 hours on a single side of the tape. 

Analysis of the 24 hour monitor recordings was accom- 
plished with a high speed playback analyzer, running at 60 
times real time, and a low speed paper recorder. Tapes were 
played back on an Auricord cassette deck and analyzed by a 
trained operator. Audiovisual techniques using an R wave- 
triggered oscilloscopic display and an electrocardiographic 
coupled sound system enabled detection of ventricular pre- 
mature beats. The method has previously been de- 
scribed.!?.14 

Tapes with a frequency of ectopic beats exceeding 1/min 
cannot be accurately analyzed with the visual high speed 
system. After such evaluation for repetitive responses and 
multiformity, these tapes were reanalyzed with a semiauto- 
mated system and hourly R-R interval histograms obtained.!^ 
Total beat and extrasystole counts were obtained for each 
hour, and a 10 percent sampling of premature beats was dis- 
played for visual verification. A 1 hour period of monitoring 
information was printed out in a Trendscriber format!6 and 
provided a quality control record for these methods of scan- 
ning. 

Grading system: Ventricular ectopic activity was graded 
for each hour of the 24 hour monitor recording. The grading 
system was somewhat modified from that previously re- 
ported.?.1? The maximal grade for the entire 24 hour period 
and total hourly grades were reported for each monitoring 
session. In addition, a grade was designated persistent if it 
recurred during at least 3 of the 24 monitoring hours and 
transient if it occurred in only 1 or 2 of the hours. The fol- 
lowing grades were used: 


Grade 0: no ventricular arrhythmia 
Grade 1: fewer than 30 ventricular premature beats/hour 
1A: a maximum of 1/min 
1 B: period(s) of 2 or more/min 
Grade 2: 30 or more ventricular premature beats/hour 
Grade 3: presence of multiformity 
Grade 4: presence of repetitive ventricular responses 
4A: ventricular couplet(s) 
4B: ventricular tachycardia of 3 or more beats 
Grade 5: early cycle (R/T) ventricular ectopic beats. Be- 
cause these beats are rare and not reliably detected with visual 
scanning, this grade was not included in the analysis. 


Cardiac catherization and coronary angiography: All 
patients underwent diagnostic cardiac catheterization with 
measurement of standard hemodynamic indexes, left ven- 
triculography and selective coronary arteriography performed 
with the Sones or Judkins technique. A patient was considered 
to have significant obstructive coronary atherosclerosis if 
single or multiple stenosis of at least 75 percent of the arterial 
lumen of major vessels was present. Left ventricular end- 
diastolic pressure was measured at high gain using fluid-filled 
catheters. Left ventriculography was performed with a mul- 
tiholed angiographic catheter using power ejections of 35 to 
50 ml of 76 percent meglumine and sodium diatrizoates over 
3 to 4 seconds. The techniques for ventriculography have 
previously been described.!*-!9 These were accomplished 
using either a biplane or a single plane (right anterior oblique) 
projection with a Siemens 10 and 5 inch (25.4 and 12.7 cm) or 
General Electric 9 and 6 inch (22.9 and 15.2 cm) dual field 
image intensified system. Each ventri¢ulogram was inter- 
preted qualitatively for the presence of asynergic areas.20 
Asynergy was defined as localized abnormalities of ventricular 
wall motion—akinesia, dyskinesia, paradoxical expansion or 
local hypokinesia.!? Patients were grouped according to both 
the site and the number of asynergic zones. Statistical analysis 
was performed with Student's t test for paired samples. 
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Results 


Of the 124 subjects undergoing cardiac catheteriza- 
tion, 84 had coronary heart disease and 28 had hemo- 
dynamic abnormalities without coronary disease. Of the 
latter group, 14 had valvular heart disease, including 5 
with mitral, 4 with aortic and 5 with combined mitral 
and aortic disease. One patient had idiopathic subacute 
aortic stenosis, nine had left ventricular end-diastolic 
pressure greater than 12 mm Hg before or after left 
ventriculography; the remaining four patients had as 
their only abnormality a cardiac index of less than 2.5 
liters/min per m2. In 12 patients, cardiac catheterization 
findings were normal; all 12 had undergone the proce- 
dure because of chest pain simulating angina pecto- 
ris. 

Incidence and grading of ventricular premature 
beats: During the 24 hour ambulatory monitoring, 
ventricular premature beats were recorded in 83 percent 
of patients. Ectopic beats were found in 85.7 percent of 
patients with proved coronary heart disease, 82.5 per- 
cent of those with hemodynamic abnormality and 67 
percent of normal subjects. The respective rates for 
“persistent” ectopic activity (defined as at least 3 hours 
with ventricular premature beats) in these three groups 
were 75, 61 and 25 percent. Cardiac drugs such as di- 
goxin, diuretic agents and beta adrenergic blocking 
agents did not affect the prevalence or persistence of 
ventricular ectopy. 

Analysis of ventricular premature beats according to 
maximal grade during the 24 hour session is presented 
in Table I. Seventy-five percent of normal subjects but 
only 36 percent of patients with coronary heart disease 
had no grade higher than grade 1B. Similarly, only 25 
percent of normal subjects but 63 percent of those with 
coronary heart disease had grade 3 and 4 ventricular 
premature beats (P <0.02). Patients with miscellaneous 
noncoronary forms of heart disease occupied an inter- 
mediate position between these two groups. 

An hourly analysis of all grades occurring during the 
24 hour monitoring period was also made (Fig. 1). This 
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FIGURE 1. Hourly analysis of all ventricular premature 


beat (VPB) grades detected during 24 hour monitoring of 

124 patients, grouped according to cardiac catheter- 

ization (cath.) findings. Figures inside bars represent O 
number of patients showing designated. grade. Misc. = 
miscellaneous; NS = not significant; p = probability. 
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TABLE I 


Maximal Grade of Ventricular Premature Beats (VPB) in 
124 Patients During a Single 24 Hour Ambulatory 
Monitoring Session 


Coronary Miscellaneous 
VPB Heart Heart 
Grade* Disease Disease Normal 
0 12 (14) 5 (18) 4 (33) 
1A 12 (14) 7 (25) 3 (25) 
1B 7 (8) O (0) 2 (17) 
2 0 (0) 1 (4) 0 (0) 
3 25 (30) 8 (29) 1 (8) 
4T 28 (33) 7 (25) 2 (17) 
Totals 84 28 12 


“A patient appears only once in each grade category and is — 


grouped by the highest grade reached. 
Represents all repetitive responses (4A and 4B). 
Figures in parentheses represent percentage in each diagnostic 


cohort showing designated maximal grade achieved during 24 hour 


monitoring. 


involved grading of 2,952 hours of monitor information. - 


Whereas all normal subjects had at least 1 or more hours 
without ectopic activity, this was true of only 82 percent . 
of patients with miscellaneous heart disease and in 68 © 


percent of those having coronary heart disease. A sig- - 


nificant difference between normal subjects and pa- 


^ 


tients with heart disease was also found for advanced . 


grades 2 to 4. Grade 2 ventricular premature beats were - 
found in no normal subject but occurred in 32 percent _ 


of patients with coronary heart disease. There was also _ 
a disparity in distribution when grades were analyzed : 
for persistent versus transient ectopic activity. Persis- . 


tence of grade 4 ventricular premature beats was ob- 
served in 41 percent of patients with coronary heart 
disease but in none of the normal subjects. 


At the time of monitoring all but 18 patients were | 


receiving cardiac drugs including digoxin (36 patients), 


propranolol (45 patients), vasodilator agents (67 pa- | 


tients) and antiarrhythmic agents (13 patients). No 


effect on ventricular premature beats was demonstrable - 





Bl Coronary heart disease 
(84 patients ) 
ZZ Misc. heart disease 
(28 patients) 
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for any of these drugs when correction was made for the 


- degree of coronary heart disease or for the presence of 
left ventricular dysfunction. 


Grades of ventricular premature beats and ex- 
tent of coronary artery disease: Coronary angiogra- 


- phy demonstrated three vessel disease in 30 patients; 
.. 27 patients each had two vessel and one vessel disease. 


The left main coronary artery was involved in 5 patients, 


. the left anterior descending coronary artery in 59, the 


- left circumflex branch in 44 and the right coronary ar- 
_ tery in 61. The prevalence and grade distribution of 
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ventricular premature beats were the same among pa- 
"tients with two and three vessel disease. When these 


patients were combined and compared with patients 
with only one diseased artery, a significant difference 
in ventricular premature beats was noted. The 57 pa- 
tients with multivessel disease differed from the 27 with 
- one vessel disease whether the analysis was carried out 
for all grades occurring hourly (Fig. 2) or for maximal 
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grade during the 24 hour session. Grade 4 (repetitive 
ventricular premature beats) was the maximal grade in 
24 of the 57 patients (42 percent) with multivessel dis- 
ease, but in only 4 of the 27 patients (15 percent) with 
one vessel disease (P «0.02). At the other end of the 
spectrum, grades 0 to 1A (rare ectopic beats) were the 
maximal grade in 13 of 27 patients with single vessel 
disease but in 11 of 57 patients with multivessel disease 
(48 versus 19 percent; P <0.02). Thus the severity of 
arrhythmia correlated with the extent of coronary artery 
disease. 

Grades of ventricular premature beats and left 
ventricular function: Patients were grouped on the 
basis of left ventricular end-diastolic pressure. Forty- 
five patients had normal pressure (0 to 12 mm Hg); in 
54 patients the pressure ranged from 13 to 18 mm Hg, 
and in 24 it exceeded 18 mm Hg. The prevalence of ad- 
vanced grades of ventricular premature beats increased 
with the level of ventricular end-diastolic pressure. 
Grade 4B (ventricular tachycardia) was recorded in only 
4 percent of patients (2 of 45) with a normal pressure but 
was found in 25 percent of those (6 of 24) whose pressure 
equaled or exceeded 19 mm Hg (Fig. 3)(P «0.02). 
Among the three subgroups there was a four-fold dif- 
ference in grade 4A and a six-fold difference in grade 
4B. 

Ventricular asynergy and ventricular premature 
beats: Anterior wall asynergy was found in 23 patients, 
inferior wall asynergy in 17 and apical asynergy in 4; 
asynergy of both anterior and inferior zones occurred 
in 13. Forty-two patients had two or more involved 
zones, whereas in 15 asynergy was limited to a single 
area. A correlation was noted between the number of 
areas of left ventricular asynergy and the prevalence and 
grade of ventricular premature beats (Fig. 4). For ex- 
ample, grade 4 arrhythmia or repetitive ventricular 
premature beats occurred in 18, 27 and 47 percent of 
those with zero, one and two areas of asynergy, respec- 
tively. These differences are highly significant (P 
«0.005). The largest yield of advanced grades of ectopic 
activity was noted among patients having a left ven- 
tricular end-diastolic pressure of 19 mm Hg and two or 
more zones of asynergy. When 15 patients with two or 
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FIGURE 4. Relation of grade of ventricular premature 
beats, by hourly analysis, to the number of areas of 
left ventricular asynergy in 123 patients. Conventions 
and abbreviations as in Figure 1. 





more zones of asynergy and elevated pressure were 
compared with 34 patients without asynergy and normal 
pressure, there was a striking difference in distribution 
of advanced grades (Fig. 5). The site of asynergy did not 
materially affect the grade distribution of ectopic ac- 
tivity. 

Reproducibility of monitoring: Within 48 hours 
after catheterization, monitoring was repeated in 65 
patients. There appeared to be a reduction in advanced 
grades of ventricular premature beats in the second 
session, but the difference between the two sessions was 
not statistically significant. When the results of com- 
bining these two sessions were compared with those of 
the initial monitoring session, there was a 10 percent 
increase in patients with grades 2, 3 and 4 arrhythmia 
(Fig. 6). This increase was observed in all patients ir- 
respective of the presence or extent of coronary heart 
disease. Thus in patients with multivessel disease, grade 
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FIGURE 5. Maximal grade of ventricular premature beats (VPB) during 
24 hour monitoring compared in 15 coronary heart disease patients with 
asynergy and increased left end-diastolic pressure (abnormal group) 
and in 34 patients without these abnormalities (normal group). 
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4 arrhythmia increased from 42 to 58 percent, whereas 


in those with one vessel disease, the change was from 15 
to 24 percent. The difference between ectopic activity . 
in these two groups continued to be significant (P - 


« 0.05) for the two sessions as well. 


To assess the reproducibility of grades appearing in _ 
either monitoring session, each session was examined 
for all grades. Duplication of those grades in the alter- 
nate session was then sought. Grade 4 arrhythmia re- — 


curred in 40 percent of patients, and grade 1A ar- 
rhythmia in 78 percent (Fig. 7). Persistent ectopic ac- 


tivity had increased reproducibility. Thus 4 of 6 patients | 


who had grade 4 arrhythmia during 3 or more moni- 
toring hours in the first session had this arrhythmia in 
the second monitoring session, whereas only 4 of the 14 


in whom this grade was transient in the first session - 


manifested this arrhythmia in the second session. Re- 


producibility of a grade was related also to the severity — 
of heart disease. For example, grade 4 arrhythmia was . 


reproduced in 40 percent of those with multivessel 
disease and in only 29 percent of those with one or no 


vessel involvement; likewise grade 4 recurred in 60 . 
percent of patients with two or more zones of asynergy, _ 
but in none of those without asynergy. A similar dif- — 
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FIGURE 6. Comparison of ventricular premature beat (VPB) grade in 
65 patients monitored for 24 hours on two occasions. . | 
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- ference was recorded when patients with and without 
— increased left ventricular end-diastolic pressure were 
. compared. 


Discussion 


-The presence of ventricular premature beats does not 
help to differentiate normal subjects from those with 
. heart disease. During 24 hours of ambulatory moni- 
- toring, 67 percent of those characterized as normal 
si demonstrated ventricular arrhythmia compared with 
_ 85 percent of those with proved cardiac abnormalities. 
.. Thus occurrence of ventricular premature beats during 
_ prolonged monitoring does not provide information on 
. the risk of sudden death. Yet it has been established 
- that the presence of ventricular premature beats during 
` the recording of a routine electrocardiogram identifies 
- a group whose risk of death due to coronary heart dis- 
. ease in the ensuing 3 years is twice that of subjects 
- without such arrhythmia.° This seeming contradiction 
- is resolved by recognizing that specific attributes of 
- ventricular premature beats determine their power to 
.. predict risk, and that these attributes can be graded.? 
_ The hypothesis that distinctive patterns of ventricular 
- premature beats are harbingers of ventricular fibrilla- 
. tion finds experimental backing?! as well as support in 
. clinical experience with acute myocardial infarc- 
P tion.?? | 
In this study, advanced grades of ventricular ectopic 
. activity were most frequent among patients with heart 
E disease, especally coronary heart disease. Grade 3 and 
é 4 arrhythmias were observed in 63 percent of patients 
- with coronary heart disease, but in only 25 percent of 
. normal subjects. Furthermore, at least 1 hour entirely 
.. free of ectopic activity occurred in all normal subjects, 
. but in only 68 percent of patients with coronary heart 
. disease. Another differentiating feature was the per- 
- sistence of arrhythmia for 3 or more hours. It was found 
. inonly 25 percent of normal subjects but in 75 percent 
- of patients with coronary heart disease. 

. Ventricular premature beats were characterized ac- 
. cording to maximal grade in a 24 hour period as well as 
- prevalence of all grades during each hour of the moni- 

toring session. Such dual analysis provided precise de- 
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scription of the prevalence of various grades of ar- 
rhythmia and permitted assessment of both diurnal 
variation as well as possible causes of the arrhythmia. 
These studies also made clear the intimate association 
between the frequency of ventricular premature beats 
and the occurrence of more advanced grades of ectopy. 
Thus, grade 2 arrhythmia (30 or more premature 
beats/hour) was the maximal 24 hour grade in only 1 of 
the 124 patients. because this arrhythmia was almost 
invariably associated with higher grades of arrhythmia. 
Thus, 94 percent of those with grade 2 arrhythmia also 
had multiform premature beats (grade 3), and 55 per- 
cent had ventricular couplets (grade 4A) and 27 percent 
had ventricular tachycardia (grade 4B). This relation 
may account for the adverse prognostic implications 
ascribable to the mere presence of ventricular prema- 
ture beats in a routine electrocardiogram. If ventricular 
premature beats are present during the brief period of 
45 to 60 seconds required to record an electrocardio- 
gram, they are invariably frequent. It is therefore pos- 
sible that the increased mortality in such patients may 
relate to the probable presence of advanced grades of 
arrhythmia. 

Extent of coronary heart disease and ventricular 
premature beats: Although the association of ven- 
tricular premature beats with coronary heart disease has 
long been appreciated, there is little information re- 
garding the relation between the extent of coronary 
disease and the ventricular ectopic activity exposed 
during long periods of ambulatory monitoring. Several 
studies??-76 have called attention to the relation be- 
tween exercise-induced ventricular arrhythmia and the 
severity of coronary vascular involvement. Schulze et 
al." monitored a small number of patients who were 
subjected to cardiac catheterization during the late 
hospital phase after recovery from acute myocardial 
infarction. Patients with complicated ventricular ar- 
rhythmias (multiform, coupled, ventricular tachycardia 
or ventricular premature beats with T wave interrup- 
tion) had greater numbers of proximally obstructed 
major coronary arteries and more extensive disease than 
those who demonstrated infrequent or no ectopic ac- 
tivity. 

Our study revealed no significant difference in 
prevalence and grade of ventricular arrhythmia among 
patients having two or three vessel disease. Each of 
these groups separately, and when combined, showed 
significantly more ectopic activity than patients with 
single vessel disease. Repetitive grade 4 arrhythmia 
occurred in 42 percent of patients with multivessel 
disease compared with 15 percent of those with single 
vessel disease. The prevalence of grades 1B, 2 and 3 was 
also nearly double in the former group. A similar rela- 
tion was suggested by Amsterdam et al.,28 who used 8 
to 12 hours of monitoring. 

When patients were grouped according to left ven- 
tricular end-diastolic pressure, a stepwise increase in 
prevalence and grade of arrhythmia was evident with 
increase in pressure. In comparing patients with normal 
pressure with those whose end-diastolic pressure 
equaled or exceeded 19 mm Hg, there was an increase 
in grade 4A from 18 to 38 percent and in 4B from 4 to 25 
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percent. This trend was stronger in patients with coro- 
nary heart disease than in those with miscellaneous 
heart disease. Vismara et al.?? made a similar observa- 
tion in hospitalized patients with acute myocardial in- 
farction who were monitored for 8 hours in the late 
convalescent period. Schulze et al.?/ also found that 
ejection fraction was lower in patients with advanced 
grades than in those with simpler forms of arrhyth- 
mia. 

Asynergy and ventricular premature beats: There 
was a significant correlation between ventricular pres- 
sure and extent of asynergy and the occurrence of ad- 
vanced grades of ectopic activity. For example, grade 
4 ventricular ectopy was seen in 47 percent of patients 
with asynergy but in only 18 percent of those with nor- 
mal ventricular contractility. A difference of similar 
magnitude was evident for multiform and for frequent 
ventricular premature beats. 

When patients with asynergy were classified ac- 
cording to level of left ventricular end-diastolic pressure, 
the contrast in arrhythmia distribution was even more 
striking. Among patients with both asynergy and ele- 
vated left ventricular end-diastolic pressure, ventricular 
tachycardia occurred in 40 percent, coupled ventricular 
premature beats in 67 percent and multiform beats in 
93 percent. Of patients without asynergy and with 
normal pressure, only 6 percent had ventricular 
tachycardia, 12 percent had coupled ventricular pre- 
mature beats and 25 percent had multiform beats. 

Ventricular aneurysm, left ventricular akinesia and 
other ventricular wall motion abnormalities have been 
related to the presence of ventricular arrhythmias. 
Sharma et al.?? observed a greater frequency of ven- 
tricular premature beats in patients with coronary heart 
disease with ventricular asynergy than in those without 
asynergy. Similar observations have been made in pa- 
tients undergoing exercise testing for arrhythmia 
evaluation. 'The development of ventricular arrhythmia 
with exercise was significantly increased among those 
with abnormalities of left ventricular wall motion as 
assessed with ventriculography.???! Abolition of ven- 
tricular arrhythmias with improvement of left ven- 
tricular function has been reported after surgical re- 
section of akinetic and aneurysmal areas.?^?? 

Reproducibility of grades of ventricular pre- 
mature beats: The reproducibility of a single 24 hour 
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monitoring session was assessed in a repeat study of 65 
patients. When results of the two sessions were com- - 
bined, nearly 95 percent of patients exhibited ventric- - 
ular premature beats. Repetitive grade 4 arrhythmia 
was reproducible in only 40 percent of patients, but — 
frequent and multiform arrhythmias were highly re- . 
producible. Severity of the heart disease was a deter- . 
mining factor in reproducibility. Repetitive responses. : 
(grade 4) were reproduced in 47 percent of patients with _ 
multivessel coronary disease but in only 29 percent of * 
those with a single or no coronary arterial involvement. — 
Grade 4 arrhythmia was reproducible in 60 percent of — 
those with asynergy but in none of those without asyn- A 
ergy. Findings were nearly identical when patients with à 
severely impaired left ventricular function were com- - 
pared with those without functional abnormality. 
Clinical implications: Ventricular premature beats 
thus may serve as indicators of significant cardiac dis- A 
ease and of left ventricular dysfunction, particularly io 
when they are frequent, are of advanced grade, are 3 
persistent in any one monitoring session and recur in © 
repeated monitoring. However, for the individual pa- — 
tient, the prevalence and grade of ventricular prepare á 
beats may not always correlate with the number of © 3 
coronary vessels involved or the degree of left ventric- — 
ular dysfunction. It is of interest that patients with j 
single vessel disease have a prevalence of ventricular à 
ectopic activity similar to that of persons without cor- 
onary heart disease. This finding may in part explain © 
the relatively benign nature of single vessel dis- — 
gap 4,25 E 
It may be argued that prognostic implications do not | 
reside in the ventricular premature beat but in the ex- | 
tent of cardiac disease because the grade of ectopic ac- — 
tivity is largely an expression of the severity of disease. 
One may therefore infer that it is futile to attempt to E 
control ventricular arrhythmia when the ultimate out- | 
come is determined by the extent of the heart disease. 
Several aspects need to be considered before accepting - 
such an interpretation. When sudden death is prevented . 
by effective resuscitation, the patient may survive for 
many months or even years. If cardiac disease of severe | 
degree predisposes to advanced grades of frequently | 
recurring ventricular arrhythmia it thereby increases . 
the likelihood of accidental discharge of ectopic beats. 
during the ventricular vulnerable period. 
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The clinical significance of ventricular ectopic beats in the posthospital | 
phase of myocardial infarction was studied in 272 patients aged 65 years — 


or less who were followed up for 1 year after the infarction. Ventricular 


ectopic beats, identified in 6 hour electrocardiographic tape recordings, - 
obtained before hospital discharge (study 1) and 5 months after discharge 
(study 2) increased in frequency and complexity in the 5 month interval. - 
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Ventricular ectopic beats at a rate of 20 or more per hour recorded before — 


discharge were associated with complex ventricular ectopic patterns in - 
the same 6 hour recording and with frequent (20 or more per hour), early 


> e 


cycle and bigeminal patterns in recordings made 5 months later. Analysis _ 


with log-linear modeling indicated that the occurrence of complex ven- A 
tricular ectopic beats at follow-up examination was associated with the 
concomitant use of antiarrhythmic agents, but not with use of digitalis, 
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propranolol or tranquilizers. A ventricular ectopic beat frequency of 20 
or more per hour at discharge was associated with increased (P <0.05) — 
cardiac mortality in the initial 0 to 4 months after discharge but not in the — 
subsequent 8 months; ectopic beats recorded in the 5 month follow-up — 


study were not associated with increased cardiac mortality in the sub- - 
sequent 5 to 12 months. The prognostic significance of ventricular ectopic — 


beats is discussed in the light of these findings. 
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Ventricular ectopic beats occur frequently in patients with coronary ~ 
heart disease, and their prognostic significance has been the subject of — 
increasing interest.'-? Ventricular ectopic beats that develop in the - 
hyperacute prehospital phase of myocardial infarction and in the early © 


period of treatment in the coronary care unit appear to have ominous . 
implications,” and there is increasing evidence that aggressive antiar- | 


TU. lr. 


rhythmic therapy during this early unstable state is effective in reducing — 


mortality from ventricular fibrillation.®? 


Recently, we reported on the prognostic grading and significance of j 
ventricular ectopic beats recorded in 6 hour electrocardiographic tape 
recordings obtained before hospital discharge in patients recovering from _ 
myocardial infarction.!? Briefly, frequent ventricular ectopic beats (20 - 
or more per hour) and multiform or bigeminal patterns were associated z 
with increased cardiac mortality and rate of reinfarction in the 4 months | 
after hospital discharge. In this study we describe the changing pattern - 
of ventricular irritability in the early posthospital phase of myocardial - 
infarction and relate these findings to the subsequent 1 year clinical - 


course. 
Methods 


Patients: The methods used have previously been reported from this labo- - 


ratory.!? Briefly, the study population consisted of 272 patients less than 66 years 
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of age who survived hospitalization after entering a coronary care unit in one - 


` of two community hospitals in Rochester, New York in 1973 with either a definite — 


or a probable acute myocardial infarction. The diagnosis of definite myocardial : 
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. infarction was substantiated by a combination of any two of 
the following: chest pain typical of coronary disease, serial 
. enzyme changes indicating acute myocardial infarction or 
. evolving Q wave abnormality with acute S-T and T wave 
. changes in the electrocardiogram. Probable myocardial in- 

farction was diagnosed when the patient had chest pain typical 
_ of coronary disease, with either minor enzyme elevations or 

acute S- T and T wave changes, or both. Detailed clinical data 

were obtained from the patients prospectively during the 3 
. days before hospital discharge (study 1) and on ambulatory 
_ out-patient follow-up study at the research study center 4 to 
.. 5 months after hospital discharge (study 2). 

__ A medication history obtained at the discharge and fol- 
low-up studies was quantitated in terms of whether the pa- 
.. tient was or was not taking each of the following drugs: cardiac 
- glycoside, procainamide or quinidine, diuretic agent, antico- 
. agulant agent, potassium chloride, sublingual nitroglycerin 
or nitrate preparation, propranolol and tranquilizer. 

.. Six-hour electrocardiographic tape recordings of the 
— Holter type: These were obtained before discharge during 
. ordinary daytime ambulatory in-hospital activity (study 1) 
. and at outpatient follow-up study 4 to 5 months later (study 

2). The recordings were analyzed manually using the Avionic 
— rapid (60:1) scan technique (Avionic Electrocardioscanner 
. model 350) for (1) basic rhythm, (2) maximal, minimal and 
. average heart rate, and (3) ventricular ectopic beats. All 
E identified ventricular ectopic beats were displayed in real time 

. (25 mm/sec) and categorized by (1) overall frequency—the 
_ total number of ectopic beats in the recording divided by the 
. duration of the recording in hours and expressed as the 
. number per hour; and (2) prematurity—the earliest coupling 
_ interval (R-R’) divided by the Q-T duration, that is, R-R'/Q-T. 
— In addition, the following ventricular ectopic beat patterns 

. were categorized as present or absent in each tracing: (1) 
. multiform configuration, (2) bigeminy, (3) pairs, and (4) runs 
_ of ventricular tachycardia consisting of three or more con- 
_ secutive ectopic beats. On the basis of our previous study, !? 
. ventricular ectopic beats were categorized into two grades: 
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. grade I—frequency of less than 20 per hour without multiform 
.. or bigeminal patterns, and grade II —frequency of 20 or more 
4 per hour or multiform or bigeminal patterns, or both. 
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Follow-up: All272 patients were followed up during the 
first year after hospital discharge. During the first 4 months 
. after discharge 11 patients died of cardiac cause, 18 survived 


AX 


. a hospital readmission with a definite or suspected myocardial 


P» 


. infarction and 12 patients did not return for the follow-up 
. visit. Two hundred thirty-one patients were seen at the 5 
. month follow-up visit, and during the next 7 months 6 addi- 
3 - tional patients from this follow-up group died of cardiac cause, 
_ 12 survived hospital readmission with a definite or suspected 
. myocardial infarction and 8 patients did not return for their 
- 1 year posthospital visit. Two hundred five patients were seen 
- at the 1 year follow-up visit. 

. . All 20 patients who did not return for follow-up were con- 
f tacted by phone or had their clinical status ascertained 
through contact with their primary physician. One of the 20 
. died of a noncardiac problem 3 months after discharge, 1 died 
_ of cardiac cause 5 months after discharge (after not keeping 
a scheduled follow-up appointment) and 18 were alive at 1 
- year. 

— In the 18 patients who died of cardiac cause (11 + 6 + 1), 
. this diagnosis was substantiated by clinical information 
. concerning the terminal event obtained from the spouse and 
_ private physician, as well as from the hospital charts of those 
_ who died in-hospital upon readmission. Only five autopsies 
. were obtained, and in each case the findings substantiated the 
. presence of severe coronary disease. 


Data analysis: The change in the proportion of patients 
having each of the aforementioned ventricular ectopic beat 
characteristics between the first and second studies was an- 
alyzed for significance using McNemar's chi square test.!! In 
this analysis each patient is his or her own control and only 
the patients who differ in the ventricular ectopic beat char- 
acteristic between the first and second studies are used in the 
computation of McNemar's chi square test. 

A measure of the degree of association among the various 
ventricular ectopic beat characteristics before discharge, at 
the 5 month follow-up study and between the two studies was 
obtained from the odds ratio.!? The odds ratio succinctly 
quantitates the chances of the association between two di- 
chotomized ventricular ectopic beat characteristics. The 
significance of the associations was determined by chi square 
analysis with the Yates correction.!? The relation of ventric- 
ular ectopic beats to the use of certain medications was ana- _ 
lyzed for significance using multivariate log-linear mod- 
eling.!4 


Results 
Change in Ventricular Ectopic Beats Over Time 


In the group of 231 patients followed up at 5 
months, the percent of patients having various ven- 
tricular ectopic beat characteristics before discharge and 
at follow-up study and the number of those whose 
ventricular ectopic beat category changed in this time 
period are presented in Table I. All ventricular irrita- 


TABLE I 


Change Between First (Predischarge) and Second 
(Follow-Up) Studies in Various Ventricular Ectopic Beat 
(VEB) Characteristics* (231 Cases) 


Number of Patients 
Changing VEB Category 
Between First and 
Second Studies 


VEB Characteristic Absent Present— McNemar's 
(96 1st and 2nd studies) Present Absent Chi Squaret 
Any VEB 63 32 9.47 

(50%; 63%) 

VEBf 220/hr 30 8 11.61 

(7%; 17%) 

VEB multiform 36 13 10.80 

(8%; 18%) 

VEBp <1.00 30 18 2.32 

(10%; 16%) 

VEB bigeminy 40 5 25.69 

(4%; 20%) 

VEB pairs 24 4 12.89 

(3%; 11%) 

Ventricular/tachycardia 1 1 0.25 

(1%; 1%) 

Grade || VEB 56 16 21.12 


(1496; 32%) 





* See Methods for description and definition of the ventricular 
ectopic beat characteristics. 

McNemar's chi square: Only the patients who change their 
VEB category between the first (predischarge) discharge and second 
(follow-up) studies contribute to the test statistic. A chi square 
value of more than 3.84 is associated with a P value of «0.05 for a 
two-tailed test. Larger chi square values indicate a more significant 
difference in the proportion of patients changing their VEB cate- 
gory over time. EN 

VEB = ventricular ectopic beat; VEBf = frequency 220/hr; 
VEBp = prematurity; grade II VEB— see text. 
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TABLE II 


Degree of Association (Odds Ratio) Between Various 
Ventricular Ectopic Beat (VEB) Characteristics in 
the First (Predischarge) Recording (114 cases) 


VEBm VEBp VEBb VEBoprs 
VEBf 4.8:1* 3.2:1 5.6:1* 49.0:11 
VEBm Hd 3.2:1 1.4:1 6.2:1 
VEBp 3: 1.8:1 0.8:1 
VEBb E 6.3:1 


* Indicate an association with chi square 73.84, P «0.05. 
Indicate an association with chi square 26.63, P «0.01. 
Values are the odds ratio (See Methods). VEBf = frequency >20/ 
hr; VEBm = multiform; VEBp = prematurity «1.00; VEBp = big- 
eminy; VEBprs = pairs. 


bility characteristics except ventricular tachycardia 
were more frequent at the follow-up than at the dis- 
charge study. Also, in a significantly greater number of 
patients the ventricular ectopic beat category changed 
from absent to present than from present to absent 
between the first and second studies for each charac- 
teristic listed in Table I, except ventricular tachycardia 
and prematurity. 


Associations Among Various Ventricular 
Irritability Characteristics 


Study 1: One hundred fourteen patients had one or 
more ventricular ectopic beats on electrocardiographic 


tape recording obtained before discharge. The degree © 


of association (odds ratio) among the various ectopic 
beat characteristics is presented in Table IT. The table 
should be interpreted as follows: The odds of a patient 
with frequent ventricular ectopic beats (20 or more per 
hour) having multiform patterns in the same tracing are 
4.8:1 times that of a patient with infrequent ectopic 
beats (less than 20 per hour). By chi square analysis, the 
odds ratio between frequent ectopic beats and pairs had 
the highest significance value (P «0.01). Lesser but still 
significant (P «0.05) associations were observed be- 
tween frequent ectopic beats and multiform and bi- 
geminal patterns. The other ventricular ectopic beat 
interrelations did not have significant degrees of asso- 
ciation. Although the odds ratios for pairs with multi- 
form patterns (6.2:1) and pairs with bigeminy (6.3:1) 


TABLE III 


Degree of Association (Odds Ratio) Between Various 
Ventricular Ectopic Beat (VEB) Characteristics in 
the Second (Follow-Up) Recording (146 cases) 


VEBm VEBp VEBb VEBprs 
VEBf 5.4:1* 3.8:1* 0:717 n1 
VEBm be 2.0:1 1.9:1 B. 72:1* 
VEBp A 2.5:1 5.8:1* 
VEBb PA. 10.6:1* 


* Association with chi square >6.63, P <0.01. 
Values are the odds ratio (See Methods). Abbreviations as in 
Table II. 
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TABLE IV E 

Degree of Association (Odds Ratio) of Various Ventricular - S 

Ectopic Beat (VEB) Characteristics Between the First 3 

(Predischarge) and Second (5 Month Follow-Up) d 

Recordings (179 Cases) 5 

Follow-Up 4 

VEBf VEBm VEBp VEBb VEBprs | P 

Predischarge 1 

VEBf 3.9:9." - .3.3;:1 58:1! °° SB te se 34 
VEBm 0.7:1 1:311 3.0:1 0.6:1 0.7:1 
VEBp 1.0:1 1.4:1 1.4:1 1.5:1 1.6:1 
VEBb 1.7:1 0.8:1 1.0:1 3.2:1 0.6:1 
VEBprs 4.0:1 S5: tie A eh DAAE PA 3.0:1 


* Association with chi square >3.84, P <0.05. 

Association with chi square >6.63, P <0.01. y 

Values are the odds ratio (See Methods). Abbreviations as in Table - 
I. | 


^ 
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1 
were larger than some of the significant odds ratios for _ 
other associations, the former odds ratios were notsig-  : 
nificant (P 70.05) because of the small number of pa- 
tients in these subgroups. x 


Study 2: One hundred forty-six patients had one or - 
more ventricular ectopic beats in the follow-up tape _ 
recording. Table III presents the degree of association 
among the various ventricular irritability characteris- 
tics. Frequent ventricular ectopic beats and paired | 
ventricular ectopic beats were highly associated with all 
other ventricular irritability characteristics. 4 

Studies 1 and 2: In the group of 231 patients who had 
electrocardiographic tape recordings both before hos- 
pital discharge and at the 5 month follow-up examina- 
tion, 179 had one or more ventricular ectopic beats in 
either or both recordings. Table IV presents the degree _ 
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TABLE V 


Change Between First (Predischarge) and Second z 
(Follow-Up) Studies in Medication Usage (231 Cases) 


Number of Patients 
Changing Medication 


Category 
Medications Absent . Present— McNemar's 
(96 1st and 2nd studies) Present Absent Chi Square* 
Digitalis 25 13 5.50 
(1896; 2396) 
Diuretic agents 25 26 1.56 
(19%; 19%) 
Potassium chloride 8 15 1.57 
(10%; 7%) 
Propranolol 28 5 12.90 ^ 
(796; 1796) E 
Antiarrhythmic agents? 14 34 5.64 ww 
(24%; 15%) 
Tranquilizerst 14 75 40.44 ‘ 
(82%; 54%) | 
* McNemar's chi square: as in Table I.!' 4 
T Antiarrhythmic agents: include quinidine or procainamide, or 
both. 3 


t Tranquilizers: primarily diazepam, which was used by 96 per- 
cent of the patients taking tranquilizers. 
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E TABLE VI 

À, 1 
_ Relation Between Prospectively Recorded Ventricular 
E Ectopic Beat Characteristics* And Cardiac Mortality 
T in Three Posthospital Time Periods 
: 5—12 
Mis 0—4 Months! 0—12 Monthst Months} 
E 
" . Total population 11/272 (4.0%) 18/272 (6.6%) 6/231 (2.6%) 
- . VEB frequency 
: «20/hr 8/252 (3.2%) 15/252 (5.9%) 4/192 (2.1%) 
X. 220/hr 3/20 (15.0%) 3/20 (15.0%) 2/37 (5.4%) 
3 Chi square Š 3.92 1.21 0.36 
-... VEB grade 
BA | 7/231 (3.0%) 14/231 (6.1%) 4/156 (2.6%) 
p3 H 4/41 (9.8%) 4/41 (9.8%) 2/73 (2.7%) 
«Chi square 2.51 0.29 0.14 
“A a ace —————— 
© * See Methods for description and definition of the VEB charac- 
|. teristics, 
-T The outcomes in the 0 to 4 months and 0 to 12 months columns 
~ were calculated from the frequency of ventricular ectopic beats re- 
-© Corded before discharge. 
ms The outcomes in the 5 to 12 months column were calculated 
A from the frequency of ventricular ectopic beats recorded at the 5 
... month posthospital follow-up visit. 
E. Chi square: value >3.84 is associated with P «0.05 for a two- 
' tailed test. 
».. Note: (1) The numerators are the number of patients who died of 
po cardiac cause in the specified time period, and the denominators are 


= the number of patients seen at the beginning of the time period. 
^.  .-. (2)The discrepancy between the numerators in O to 12 
|... months (18) and the sum of the numerators in O to 4 months (11) 
= and 5 to 12 months (6) is explained by 1 patient who did not show 
- up for follow-up electrocardicgraphic recording in the 5th month 
- but died subsequently. 

" (3) In the 5 to 12 months column, the discrepancy between 
` the denominators in the total population and the sum of the denom- 
` inators in VEB frequency and VEB grade groups is explained by 
. two patients who had unsatisfactory electrocardiographic tape re- 
^. cordings at follow-up in the 5th posthospital month. 


cafe Sh 


m 


-— 
d 


e 


c 


‘ 


err pun 


po =a z 
CAE, 


. of association among the various ventricular irritability 
characteristics over this 5 month time interval. Fre- 
quent ventricular ectopic beats in the first study were 

. associated with frequent, early cycle (R-R’/Q-T <1.00) 

and bigeminal ventricular beats in the second study. 

_ Also, paired ventricular ectopic beats recorded before 

. discharge were associated with premature beats in the 

— follow-up study. 
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. Relation of Medication to Ventricular Irritability 
t 


b. Medications: Table V presents the percent of pa- 
tients receiving various medications before discharge 
d _and at the 5 month follow-up study and the number of 
_ patients whose medication category changed between 
- the two studies. A larger percent of patients were re- 
_ ceiving digitalis and propranolol in the second study 
. than in the first, and in a significantly (P <0.05) greater 
. number of patients the digitalis and propranolol cate- 
_ gory changed from absent to present than from present 
. to absent between studies. The reverse was observed for 
. patients receiving antiarrhythmic agents and tran- 
— quilizers. There was no significant shift between studies 
. in the number of patients receiving diuretic drugs or 
. potassium chloride. 
. Interaction between medications and ventricular 
- ectopic beats: Because almost all characteristics of 
. ventricular irritability increased in frequency between 
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the predischarge and follow-up studies (Table I), and 
because there was considerable fluctuation in the usage 
of various medications between these two studies (‘Table 
V), the effects of the interaction between ventricular 
irritability and the drugs were evaluated; that is, we 
attempted to determine if the observed ventricular ec- 
topic beat characteristics were related to medication 
usage. The characteristics of ventricular irritability and 
medication usage were entered into a multifactorial 
contingency table and analyzed with log-linear mod- 
eling.* The occurrence of complex ventricular ectopic 
beats on follow-up study was not associated with the 
concomitant use of digitalis, propranolol or tranquil- 
izers, but was associated with use of antiarrhythmic 
agents. 


Ventricular Ectopic Beats and Cardiac Mortality 


The relations between prospectively recorded ven- 
tricular ectopic beats and subsequent cardiac mortality 
are presented in Table VI. Frequent ectopic beats (20 
or more per hour) in the electrocardiographic tape re- 
cording obtained before hospital discharge were asso- 
ciated with increased (P <0.05) cardiac mortality only 
in the 0 to 4 months after discharge. Frequent and 
complex (grade II) ventricular ectopic beats recorded 
before discharge were not associated with increased 
cardiac mortality in the 0 to 12 months after discharge. 
In fact, all the cardiac deaths that occurred after 4 
months were in the subgroups of patients with infre- 
quent (less than 20 per hour) and noncomplex (grade 
I) ventricular ectopic beats recorded before dis- 
charge. 

Ventricular ectopic beat characteristics recorded at 
the 5 month follow-up study were not associated with 
increased cardiac mortality 5 to 12 months after hospital 
discharge (Table VI). Too few patients died in this 5 to 
12 month period to permit statistical evaluation of the 
relation between change in ventricular ectopic beat 
frequency or grade between the first and second studies 
and cardiac mortality in the subsequent 5 to 12 month 
interval. 


Discussion 


Our finding that ventricular ectopic beats increased 
in frequency and complexity between the predischarge 
electrocardiographic tape recording and the follow-up 
recording obtained 5 months after hospital discharge, | 
is in accord with recent work by Fitzgerald and De- 
Busk.!^ They found that the peak frequency of all 
ventricular irritability and the prevalence of complex 


ventricular ectopic beats increased greatly between 3 - 


and 11 weeks after myocardial infarction. Kleiger et al.!6 
found that 91 percent of postinfarction patients ex- 
amined serially exhibited ventricular ectopic beats in 
one or more tapes, but such beats were evident in only 
63 percent of the tapes. Also, Kolter et al.? reported that 
the yield of electrocardiographic tape monitoring in 


* Copies of the detailed data analysis will be supplied by the author 


upon request. 
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patients after infarction increased from 43 to 62 percent 
when the number of recordings increased from 1 to an 
average of 2.5. Overall, few serial electrocardiographic 
monitoring studies have been performed in postin- 
farction ambulatory patients, but the data available 
indicate that the greatest increase in ventricular irri- 
tability occurs in the early posthospital period and there 
is relative stabilization thereafter. 

Significance of frequent ventricular ectopic 
beats and complex patterns: A significant association 
was found between frequent ventricular ectopic beats 
(more than 20 per hour) and more complex patterns in 
the same recording. Hinkle et al.!7 recently reported 
that patients who had multiform, bigeminal and paired 
ventricular ectopic beats were distributed almost ex- 
clusively in the groups of patients with more frequent 
ventricular ectopic beats. Although their cohort was 
drawn from an industrial population of men aged 55 to 
60 years, all patients who had more than 10 ventricular 
ectopic beats per 1,000 complexes had clinical evidence 
of coronary heart disease, hypertension, chronic ob- 
structive pulmonary disease alone or in combination. 
Winkle et al.,!? in an arrhythmia study of patients with 
mitral valve prolapse, also noted a significant associa- 
tion between frequent ventricular ectopic beats (more 
than 425 in 24 hours or 17.7 per hour) and complex 
patterns of bigeminy, pairs and ventricular tachycardia. 
Thus, frequent ventricular ectopic beats are associated 
with more complex rhythms and are generally found in 
patients with cardiac or pulmonary disease, or both. 
'These findings suggest, but do not prove, a common 
electrophysiologic mechanism for frequent and complex 
ventricular ectopic beats. They indicate that in data 
reduction of various indexes of ventricular irritability, 
some measure of ventricular ectopic beat frequency— 
that is, more than 20 per hour, more than 10 in 1,000 
complexes, or peak frequency per unit period of time— 
should be as meaningful in prognostication as more 
involved multivariate ventricular ectopic beat combi- 
nations. 

Relation to antiarrhythmic agents: The occur- 
rence of complex ventricular ectopic beats at follow-up 
examination was associated with the concomitant use 
of antiarrhythmic agents, but not of digitalis, pro- 
pranolol or tranquilizers. It seems likely that the asso- 
ciation between complex ventricular ectopic beats and 
antiarrhythmic agents represents a therapeutic rather 
than an etiologic relation, that is, the patients' physi- 
cians probably detected the high frequency of ventric- 
ular ectopic beats independently of our study and 
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therefore initiated antiarrhythmic therapy. An indirect — 
conclusion of this analysis is that the increase in the — 
occurrence of ventricular irritability in the first 5 — 
months after hospital discharge is not due to concomi- | 
tant drug therapy but probably reflects the intrinsic _ 
clinical course of arrhythmias in the early posthospital — 
phase of myocardial infarction. a 

Prognostic significance: Recently, there has been — 
an increasing interest in ventricular ectopy as a prog- . 
nostic indicator of cardiac mortality. A variety of studies 2 
have been reported utilizing different modes of eleg: 
trocardiographic recordings, variable durations of re- — 
cording from 1 minute 12 lead tracings to 24 hour taped . 
electrocardiograms, a heterogeneity of time intervals; 
between the recording and the terminal cardiac event _ 
and a spectrum of qualitative and quantitative analyses | 
of the ventricular irritability.! Most of the studies have — 
utilized one baseline electrocardiographic tape re- — 
cording and relate the initial ventricular ectopic beat - 
findings to events over protracted time intervals. Al- - 
though the predischarge ventricular ectopic beat frea 
quency of 20 or more per hour was associated with in- | 
creased mortality in the subsequent 4 months, frequent — 
or complex patterns recorded in the 5 month follow-up — 
study did not identify patients with increased mottat 
during the 5 to 12 month posthospital interval. One - 
explanation for this latter finding may bea progressive ' 
loss of prognostic specificity of ventricular ectopic beats 
over time; that is, there appears to be an inverse relation — 
between the prognostic significance of ventricular ec- 
topic beats and the proximity of the recording to the 
acute coronary event. If this is so, then serial aleet d 
cardiographic recordings for ventricular irritability in | 
the posthospital period may have limited prognostic | 
usefulness. Other explanations for negative findings | 
may relate to the experimental design of the study, that — 
is, the method of ventricular ectopic beat quantitation, - 
the duration of the time interval between recordings (5 
months), the duration of the follow-up interval, the - 
sample size, the paucity of cardiac deaths (6 during the - 
5 to 12 month follow-up interval) or a combination of - 
these factors. Additional studies will be required to 
answer definitively the questions raised by our inves- 
tigation. | 
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To determine the effect of abnormal ventricular activation on ventricular — 
septal motion, left ventricular endocardial motion and left ventricular di- ; 
mensions, 12 patients with normal motion were studied with echocardi- 
ography during incremental pacing of the right ventricular apex, outflow 
and inflow regions. Three types of abnormal ventricular septal motion were * 
seen: The type | pattern was characterized by an early rapid preejection | 
posterior ventricular septal motion followed by another posterior systolic d 
motion that lasted. throughout ejection, both of which were associated 
with septal thickening. In the type Il pattern an early rapid preejection i 
posterior ventricular septal motion was followed by an anterior ejection | 
motion; the latter was not accompanied by septal thickening. The type - 
Ill pattern consisted of an early preejection posterior ventricular septal i 
motion followed by a mid and late systolic posterior motion; the latter 
motion extended through diastole. During right ventricular apical pacing, - 
8 of 11 patients showed a type | pattern, 1 a type Il pattern and 2 à normal. is 
septal motion. During right ventricular outflow pacing, seven of nine pa- — 
tients showed a type Il pattern, one a type Ill pattern and one a type | 
pattern. During right ventricular inflow pacing, eight of nine patients - 
showed a type Il pattern and one a type Ill pattern. At faster pacing rates | 
patterns of types | and III changed to a type Il pattern (five patients). - 
End-diastolic dimensions decreased significantly during incremental right | ; 
ventricular pacing when compared with those during sinus rhythm. End- 
systolic dimensions decreased significantly only during right ventricular 
apical and outflow pacing at maximal rates. In the seven patients who had 
pacing from all three sites, the decrease in left ventricular dimensions did - 
not significantly differ when the three pacing sites were compared. | 

These findings suggest that (1) abnormal ventricular septal motion - 
during right ventricular pacing (induced left bundle branch block patterns) - 
is dependent on the sequence of ventricular activation; (2) ventricular 
septal motion during right ventricular outflow and inflow pacing is similar 
to that seen in spontaneous left bundle branch block, whereas the pattern - 
of septal motion during right ventricular apical pacing is different from that. 
of spontaneous left bundle branch block; and (3) changes in left ventricular 
dimension are dependent on ventricular pacing rate but independent of © 
pacing site. 


an, VE S 


Echocardiography has revealed a characteristic ventricular septal motion 
in patients with left bundle branch block!-? and type B Wolff-Parkin- 
son-White syndrome.^-5 It has been postulated t that abnormal septal- 
motion in left bundle branch block is related to altered sequence of ac- 
tivation and contraction.! Because a normal activation sequence is re- 
sponsible for near synchronous motion of the human left ventricle, 8 
it was speculated that pacing different right ventricular sites might show — 
characteristic patterns of septal and left ventricular endocardial motion. 
Furthermore, right ventricular pacing provides an opportunity to study. 
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. septal motion during various forms of induced patterns 

of left bundle branch block and to compare this motion 
— with that seen during normal supraventricular activa- 
tion in the same patient. 

Left ventricular dimensions in dogs? and left ven- 
. tricular volume in man!? have been shown to decrease 
. during atrial and ventricular pacing, respectively. 
Whether incremental right ventricular pacing with its 
. attendant altered sequence of ventricular activation has 
any significant effect on left ventricular dimensions is 

not known. 

: The purpose of this study was (1) to analyze ven- 
_ tricular septal and left ventricular endocardial motion 

and their temporal relation during right ventricular 
. pacing from different sites; (2) to relate septal motion 
— during induced patterns of left bundle branch block to 
_ that seen in spontaneous left bundle branch block; and 
_ (3) to analyze left ventricular dimensional changes 
.. during incremental pacing of the right ventricular apex 
. and outflow and inflow regions. 
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Materials and Methods 


Fourteen patients with normal interventricular septal 
. motion were studied with left ventricular echocardiography 
. during incremental pacing of the right ventricular apex and 
. outflow and inflow tracts. The experimental nature of the 
_ procedure was explained to all patients and signed consent 
. obtained. Two patients were excluded from study because 
_ their echocardiograms were inadequate for detailed analysis. 
-. Clinical data on the remaining 12 patients are given in Table 
_ Ventricular pacing: A no. 7 quadripolar catheter was in- 
- troduced percutaneously into an antecubital vein and posi- 
. tioned in the right ventricular apex. This catheter was posi- 
- tioned in either the right ventricular outflow or inflow tract 
. as needed during the study. The two distal electrodes of the 
- quadripolar catheter were used to stimulate the ventricle 
. electrically and the proximal pair were used to record a right 
. ventricular electrogram. The position of the pacing catheter 
. at the three different sites was confirmed by assessment of (1) 
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. TABLE I 
.. Clinical Features of 12 Patients 
Ce 
.. nO. Age (yr) Diagnosis Electrocardiogram 
ET 64 Hypertension APCs 
m2 52 Normal Occasional VPCs 
Er a3 58 ASHD 1^ A-V block; IVCD 
(4 55 ASHD APCs; old inferior wall 
Fs MI; RBBB with LAHB 
eh gio) 50 Normal Occasional VPCs 
E 26 59 ASHD IVCD 
35.7 47 Hypertension; 1^ A-V block; old in- 
E ASHD ferior wall MI 
L.8 36 Hypertension Occasional VPCs 
at 9 76 Normal Normal 
~ 10 61 Normal Occasional VPCs 
bei” 11 60 Hypertension Normal 
4.12 57 Normal Occasional VPCs 





APCs = atrial premature contractions; ASHD = arteriosclerotic 
. heart disease; A-V = atrioventricular; IVCD = intraventricular con- 
. duction defect; LAHB = left anterior hemiblock; MI = myocardial in- 
. farction; RBBB = right bundle branch block; VPCs = ventricular pre- 
. mature contractions. 


fluoroscopic location, (2) changes in configuration of the QRS 
complex in leads I, II, III and V; during right ventricular 
pacing, and (3) changes in timing of the right ventricular 
electrogram. Ventricular pacing was accomplished using a 
programmed digital stimulator capable of delivering rectan- 
gular impulses of 1.5 msec duration at the least millamperage 
(usually less than 1 ma) that allowed consistent capture. 
Ventricular pacing was begun at a rate slightly in excess of 
sinus rhythm and gradually increased (by 10 beats/min) to a 
maximum of 150 to 160 beats/min. Each paced ventricular 
rate was maintained for 10 to 20 seconds; then sinus rhythm 
was allowed to return before the next paced ventricular rate 
was begun. Eleven of the 12 patients had apical pacing, 9 had 
outflow pacing, 9 had inflow pacing and 7 had pacing from all 
three sites. 

Echocardiograms: These tracings were continuously re- 
corded using a Smith-Kline ultrasonoscope utilizing a 2.25 
megahertz, 0.25 inch (0.64 cm) diameter, piezoelectric trans- 
ducer focused at 7.5 cm with a repetition rate of 1,000 im- 
pulses/sec. Patients were studied in the supine position with 
the transducer in the third, fourth or fifth intercostal space 
just to the left of the sternum. The ultrasonic beam was di- 
rected posteriorly and slightly medially until the characteristic 
pattern of mitral valve motion was seen. The transducer was 
then directed slightly laterally and inferiorly to obtain echoes 
from the endocardial surface on the left and right sides of the 
ventricular septum and the posterior left ventricular wall. 
Patterns and measurements of septal wall and endocardial 
motion were made at or below the level of the posterior mitral 
valve supporting apparatus which was identified by scanning 
superiorly and medially. This technique ensures analysis of 


NORMAL PACING 


Systolic Septal Thickening: B/A 
Early Systolic Septal Thickening: C/A 


FIGURE 1. Schematic representation of a normal echocardiogram (left) 
and one obtained during right ventricular apical pacing (right). A = 
end-diastolic septal thickness; B = maximal systolic septal thickness; 
C = maximal thickness of the early preejection posterior septal motion. 
The Q-S interval was measured from the onset of the Q wave or stimulus 
artifact to the onset of posterior septal motion. The Q-E interval was 
measured from the onset of the Q wave or stimulus artifact to the onset 
of anterior motion of the left ventricular endocardium. For explanation 
see text. E = endocardium; ECG = electrocardiogram; END = posterior 
left ventricular endocardium; IVS = interventricular septum; St = 
stimulus artifact. 
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septal motion below the “hinge” or “pivot” point. Echocar- 
diograms and a simultaneous electrocardiographic lead 
(usually lead IT) were recorded continuously during pacing and 
interruption of pacing on a Honeywell 1856 Visicorder at a 
paper speed of 50 mm/sec and on an Electronics for Medicine 
DR-12 multichannel oscilloscope at a paper speed of 75 
mm/sec. In five patients a phonocardiogram and a carotid 
pulse tracing were simultaneously recorded using Electronics 
for Medicine pulse transducers with time constants greater 
than 2.2 seconds. 


Measurements and Calculations 


The Q-S interval was measured from the onset of the Q 
wave or stimulus artifact to the onset of posterior septal mo- 
tion. This interval defined the temporal sequence of electro- 
mechanical events of the interventricular septum. Whenever 
ventricular pacing was associated with an early posterior 
septal motion, the Q-S interval represented the onset of this 
early posterior septal motion (Fig. 1). 

The Q-E interval was measured from the onset of the Q 
wave or stimulus artifact to the onset of anterior motion of the 
posterior left ventricular endocardium. This interval defined 
the temporal sequence of electromechanical events of the left 
ventricular endocardium (Fig. 1). 

Q-S/Q-E represents the ratio of these two intervals. This 
ratio expressed the relation of the electromechanical events 
of the septum to that of the left ventricular endocardium. 
Normally, the ventricular septum and the posterior left ven- 
tricular endocardium commence to move toward each other 
during ejection, the septum moving posteriorly and the pos- 
terior endocardium moving anteriorly. If the motion of these 
two structures is altered either in relation to the QRS complex 
or to each other, then the Q-S/Q-E ratio will be less or greater 
than 1. 


TCR, I e er Oe 9 °— 


Septal thickening (Fig. 1): (a) Systolic septal thickening 
was expressed as the ratio of the maximal total septal thick- 
ness during ejection to the total end-diastolic septal thick- 
ness. 

(b) Early systolic septal thickening. This was expressed 
as the ratio of the early preejection posterior septal motion to 


the thickness of the septum at end-diastole. This was seen only — 


during right ventricular pacing. 

Septal thickening could be measured in 8 of 12 patients in 
whom both the right and left sides of the ventricular septum 
could be clearly defined. Normally the septum thickens during 


systole!!; thus, systolic septal thickening should normally be 
greater than 1, the latter representing diastolic thickness. This - 


observation was taken to indicate echocardiographic evidence 


of active septal contraction during left ventricular sys- 


tole.!? 


Left ventriculographic dimensions: These dimensions . 
were measured from the endocardial echo of the left ventric- — 


ular posterior wall to that of the left side of the interventricular 
septum. 


End-diastolic dimension (cm). This measurement was - 


made at the peak of the QRS complex. 


End-systolic dimension (cm). During sinus rhythm, this A 
measurement was made at a point of the smallest distance . 
separating left ventricular endocardial surfaces. Whenever — 


- we - 
* 


ventricular pacing was associated with abnormal septal mo- _ 
tion, the end-systolic dimension was measured from the peak _ 


of the left ventricular endocardial motion to a line drawn — 


perpendicular to the left side of the septum. 


Posterior wall excursion (cm) was measured as the total — 


excursion of the posterior left ventricular endocardium during 


systole. 
Measurements and calculations were made only at rates at 
which adequate echocardiograms were available for detailed 
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FIGURE 2. Representative echocardiograms, phonocardiograms (PHONO) and carotid pulse tracings showing type | septal motion and dimensional 
changes during right ventricular apical pacing at different rates. The panel, recorded during normal sinus rhythm (NSR), shows a sinus beat with — 
normal septal (IVS) and posterior endocardial (END) motion. During incremental pacing at heart rates (H.R.) of 82 to 150/min there is a preejection — 
posterior septal motion followed by another ejection posterior motion. During sinus rhythm, the Q-S and Q-E intervals are of the same value (94 — 
msec). During pacing, the Q-S interval is decreased whereas the Q-E interval is increased. There is a decrease in end-diastolic dimension (EDD) 
during incremental pacing. A significant decrease in end-systolic dimension (ESD) is seen at a maximal rate of 150/min. L2 = lead Il electrocardi- — 


ogram. 
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EDD:4.64 EDD:4.06 EDD=3.65 
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H.R:130 


EDD=3.56 EDD=3.4 
ESD:3.07 ESD=2:9 
Q-S:46 
Q-E: 93 


NSR H.R=140 NSR 


FIGURE 3. Representative simultaneous echocardiograms, phonocardiograms and carotid pulse tracings showing type Il motion and dimensional 


-. changes during right ventricular outflow pacing. The QRS complex during pacing has a right axis orientation. Note that during interruption of pacing 


at rates of 130 and 140/min (NSR), septal (IVS) motion becomes normal. A progressive decrease in the end-diastolic dimension (EDD) during in- 
cremental pacing is seen, whereas a significant decrease in end-systolic dimension (ESD) occurs only at a rate of 140 beats/min. At this rate there 
is no clear demarcation of the onset of preejection posterior septal motion. Abbreviations as in Figures 1 and 2. 
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.. FIGURE 4. Echocardiogram showing type Ill septal motion and its 
. conversion to type Il during outflow tract pacing. Arrows indicate the 
. onset of posterior septal motion. At a pacing rate (H.R.) of 120 beats/ 
.. min three posterior motions are seen; at a rate of 136 beats/min an early 
.. posterior septal motion is followed by an anterior ejection motion. NSR 
_ = normal sinus rhythm; other abbreviations as in Figures 1 and 2. 


. analysis. Because it was not always possible to obtain good 
. echocardiograms at all comparable rates or to have similar 
. rates at all pacing sites, the minimal mean and maximal paced 
. rates were taken for comparative purposes. Measurements and 
- calculations for normal sinus rhythm were made before pacing 
at the three different sites. Measurements and qualitative 
. analysis during pacing were made near the end of pacing for 
- each rate. 
... All measurements and calculations represent an average 
. of at least five consecutive cardiac cycles. Data were analyzed 
by using the Student t test. The results given are the mean + 
- one standard error of the mean. 


Results 


Patterns of ventricular septal motion: During 
sinus rhythm, all patients had normal motion of the 
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septum and the posterior left ventricular endocardium 
as previously described.!*:!4 During pacing studies, three 
types of abnormal septal motion were observed (Fig. 2 
to 4). 

The type I pattern was characterized by an early 
rapid preejection posterior motion of the ventricular 
septum followed by another posterior systolic septal 
motion that began with and lasted throughout ven- 
tricular ejection. During ejection, the posterior left 
ventricular endocardium and the septum moved toward 
each other (Fig. 2). 

The type II pattern was characterized by an early 
rapid preejection posterior motion of the septum fol- 
lowed by an anterior systolic motion that commenced 
with and lasted throughout the period of ejection. The 
anterior systolic septal motion was paradoxic in relation 
to the anterior endocardial motion and in comparison 
with the normal posterior ejection septal motion (Fig. 
3). The magnitude of anterior septal motion ranged 
from minimal to marked (Fig. 5). 

The type III pattern (intermediate) consisted of an 
early preejection posterior motion followed by a mid- 
systolic motion. In addition, a third posterior motion 
that commenced at end-systole and extended through 
diastole (Fig. 4). 


Right ventricular apical pacing: At minimal paced rates 
(86 + 5 beats/min) 8 of 11 patients had a type I pattern (Fig. 
2) and 1 a type II pattern; 2 had normal septal motion. The 
early preejection septal motion occurred 61 + 5 msec after the 
stimulus artifact (Q-S interval) whereas the anterior endo- 
cardial motion was delayed (Q-E interval = 116 + 18 msec) 
(mean + standard error of the mean) (Table II). The ratio of 
these two intervals (Q-S/Q-E) expresses the relation of the 
temporal sequence of electromechanical events of the ven- 
tricular septum to that of the left ventricular endocardium. 
At minimal paced rates the Q-S/Q-E ratio decreased signifi- 
cantly compared with sinus rhythm. In seven of eight patients 


. who showed a type I pattern, systolic septal thickening was 


1.4 + 0.05 during normal sinus rhythm; in the eighth patient 
it could not be measured because the right side of the septum 
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could not be clearly defined. During apical pacing at minimal 
rates, systolic septal thickening was 1.3 + 0.04, whereas early 


prominent nor associated with systolic septal thickening _ 
(Table III). | 


systolic septal thickening was 1.18 + 0.06 (Table III). As the 
pacing rate was increased, systolic septal thickening decreased. 
Systolic septal thickening was absent in one patient who had 
a type II pattern. 

In three patients a type I pattern converted to a type II 
pattern at paced rates of 120 or more beats/min. However, the 
anterior ejection motion in these three patients was neither 


Right ventricular outflow pacing: At minimal paced 
rates (88 + 5 beats/min), seven of nine patients showed a type — 
II pattern (Fig. 3), one a type III (Fig. 4) and one a type I © 
pattern. The Q-S interval was 48 + 4 msec and the Q-E in- _ 
terval 113 + 73 msec (Table II). The Q-S/Q-E ratio decreased _ 
significantly compared with sinus rhythm. Type I and type — 
III patterns, observed in one patient each (Fig. 4), were con- 
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FIGURE 5. Representative simultaneous echocardiograms and phonocardiograms showing type Il septal motion and dimensional changes during 
incremental inflow pacing. Note the prominent preejection posterior motion followed by a prominent anterior motion. Normalization of septal motion — 
is seen after interruption of pacing at a rate of 120 beats/min (NSR). A progressive decrease in the Q-S interval and an increase in the Q-E interval 
are seen. There is a progressive decrease in the end-diastolic dimension (EDD); the end-systolic dimension (ESD) decreases only at a rate of 140 
beats/min. Actually a minimal increase in end-systolic dimension is seen at pacing rates of 90, 120 and 130 beats/min. Abbreviations as in Figures 
1 and 2. 


TABLE Il 


Changes in Intervals and Dimensions (mean - standard error of the mean) 


96 Decrease % Decrease 


Q-S Q-E —M—— M p 
Heart Rate (msec) (msec) Q-S/Q-E P Value PWE (cm)* EDD (cm) in EDD PValue ESD (cm) in ESD P Value 
Right Ventricular Apex 
NSR 
67.3+4 82+8 85+7 0.96 + 0.03 0.93 + 0.1 4.9 * 0.21 3.6 * 0.19 
Pacing 
86.3 + 4.5 6145 116-18 062+0.07 «0.025 0.89+0.12 4.5+0.2 8.16 «0.01 3.5 * 0.22 2.8 NS 
120:2 + 3.5 63 £7 117+15 0.54+0.03 <0.001 0.77+0.11 4.2+0.21 14.28 «0.001 3.4+0.24 5.5 ~ NS 
147.6+3 56-11 115+14 048+0.07 <0.001 0.79+0.13 3.84023 22.44 «0.001 3.1+0.26 13.88 | «0.05 
Sh ej re) ee ee ta eS eh a ee eee 
Right Ventricular Outflow 
Ca RU CURES Mn i si EE ee) 2G LoCo 1r Ioa a ee 
NSR 
67.5 + 3.7 84+7 87+5 0.95 + 0.04 0.98 + 0.09 4.8+0.23 3.5 + 0.24 
Pacing 
88.6 +5 48+4 113+13 0.45+0.05 <0.001 1.06+0.12 44+0.26 10.41 <0.01 3.5 + 0.28 NS 
120 + 2 52+7 126+9 0.40+0.04 <0.001 1.0 + 0.17 42+0.29 12.5 «0.005 3.4+0.26 2.85 NS 
146 +5 55:+8 121+12 045+0.05 «0.01 1.0 + 0.15 3.9+0.31 19 «0.001 3.2 +0.34 8.57 <0.025 
HE dE Eo SUM REUS UO E 2760. d XU a Va need MONS a IE eee oO TE: LEURS OT NU Ue ELLE DUNT 
Right Ventricular Inflow 
ETERNI EE ANTT a MN E E A CIAM No "A LLL LE E Er 
NSR 
69 *5 8327 86*6 0.95 + 0.04 0.83 + 0.07 49+0.24 3.6 + 0.22 
Pacing 
93 +5 61+4 115+10 0.54+0.05 <0.001 091+0.11 4.6+0.26 6.12. *<0:.001 —.3.5 € 0,26 2.8 NS 
122+3 52+6 113+18 050+0.06 «0.005 095+0.09 4.2+0.23 14.28 «0.001 3.4+0.28 5.5 NS 
151 +2 47+11 103+10 0.43+0.08 <0.001 0.78+0.10 39+0.29 10.4 «0.001 3.4+0.28 55 NS 


* P value not significant. 
EDD = end-diastolic dimension; ESD = end-systolic dimension; NS = not significant; NSR = normal sinus rhythm; P = probability; PWE = pos- 
terior wall excursion. 
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TABLE III 
Septal Thickening During Ventricular Pacing 


Sinus Rhythm Minimal Paced Rates 


A gU AI on 3 ^ FEE re c FIVE. AS 
OTE SERRE GROS EREUT PE 
Y ^ R^ para » - EX 243 R4" " 
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Mean Paced Rates Maximal Paced Rates 


Case no. SST SST ESST SM SST ESST SM SST ESST SM 
RS ES ET MM MOD MN C CMM CNN IMMO Cra RE 
V EU Apex 
P EUER UT n M ET a VEL UN E R N a a a a i aia eat ot roe ape nie, RE 
eee 1 1.36 1.36 1.3 | 1.09 1.1 ! 1.0 1.09 ! 
E E 1.46 1.28 1.14 | 1.14 1.14 | 1.28 1.28 | 
EN t.23 1.13 1 | 1.12 1.12 | 1.15 1.15 | 
m4 1.5 1.5 1.5 | 1.09 1.27 | 1 1 H 
ipe 5 1.25 1.2 1.12 | 
ezg 1.46 1.34 1.0 | 1.16 1.0 | 1.25 1.25 | 
imr] 1.63 1.35 1.2 | 1.06 1.06 H 1.0 1.12 l1 
52-8 1.42 1.0 1.16 I* 1.0 1.16 n* 1.0 1.16 I* 
E Mean 1.4 + 0.05 1.3 + 0.04 1.18 + 0.06 uy 1.11 + 0.01 1.11 € 0.03 1.11 + 0.05 1.17 + 0.05 
S. T * SEM 
p. | Outflow ° 
we 3 SS AVAR m E u SN I a a ae re a a a o 
Fer) 1.33 1.19 1 II 1 1.13 II 0.81 1.18 Du 
E. 2. 1.25 1.0 1.12 II 0.82 1.17 H 
ES 1.3 1 1.06 H 1 1.05 I 
P. 4 1.21 1 1.37 H 1 1.27 iI 1 1.27 H 
a5 1.4 1 1.28 H 1 1.28 II 1 1.14 H 
E76 1.3 1 1.36 H 1 1.36 H 
Ne 7 1.49 13 1.23 111 * 1 1.14 H 
ei 8 1.5 1.16 1.16 |* 1.1 1.15 p 1 1.15 D ii 
i Mean 1.3 + 0.02 1.02 + 0.02 1.19 + 0.06 ne 0.97 + 0.03 1.2 + 0.03 e 0.93 + 0.06 1.19 * 0.03 
"o£ SEM 
3 Inflow 
PE SUD. RINE 02a. ESUTUT—————MMMM MR aiii iiie e ero. LAU Rusa. 
Ue 1.33 1 1.3 I 1 12 H 1 1.2 II 
Pe 2 t3 1 1.15 H 1.04 1.15 iI 1 1.15 H 
MN. E T3 1 1.3 I| 1 1.24 H 
E4 1.4 1 1.07 T 1 1.27 T 
e" 5 1.36 1 1.09 II 1 1.27 H 1 1.27 H 
EEA e 1.33 2] 1.57 II 1 1:37 H 
Eid 1.41 1.07 1.07 H 1 1.07 H 1 1.16 I 
a 8 1.49 1.28 1.28 Hn 1.21 1.14 Hi* 1 1.14. H: 
-—— Mean 1.34 * 0.01 1.02 + 0.01 1.22 * 0.06 LM 1.0 + 0.005 1.22 + 0.03 d 1.0+0 1.21 + 0.02 Lx 
Ee’ E SEM 
00 VANUS PAR I RE T EMIT e Er ERE ee ubl VC Mord Ss TER NE D 
Ee: * Not included in the means. 
bs .. ESST = early systolic septal thickening; SEM = standard error of the mean; SM = septal motion; SST = systolic septal thickening. 


—  verted to type II at paced rates of 136 or more beats/min. 
-. During sinus rhythm, systolic septal thickening was 1.3 + 0.02 
—— insix of seven patients who showed type II motion; it was not 
Py measured in the seventh patient because the right side of the 
_ ventricular septum was not clearly defined. During pacing at 
. minimal rates, systolic septal thickening was 1.02 + 0.02, 
__ whereas early systolic septal thickening was 1.19 + 0.06 (Table 
.. HD. At mean paced rates systolic septal thickening was 0.97 
É +0.03 and early systolic septal thickening was 1.21 + 0.04. In 
_ some patients at maximal paced rates it was difficult to 


z 


-minimal paced rates of 93 + 5 beats/min. The Q-S interval was 


= 


. pacing was prominent (Fig. 5), especially at high rates, giving 
_ the appearance of “septal arcing.” Systolic septal thickening, 
__ which was 1.34 + 0.01 during sinus rhythm in seven of eight 
. patients who showed type II motion, decreased to 1.02 + 0.06 
: during minimal paced rates; in one patient with type II mo- 


TN 


fect 4 MAMPI ^45 5 5 22 1 


TAG. 


tion, septal thickening was not measured because the right 
septal surface was poorly visualized. There was no significant 
change in septal thickening at mean and maximal paced rates 
(Table IID. In one patient a type III pattern changed to a type 
II pattern at rates of 140 or more beats/min, but, this patient 
showed changes in QRS configuration during this change. 

Figure 6 shows different patterns of ventricular septal 
motion occurring in the same patient paced at the same rate 
from three different sites. A change in the QRS configuration - 
of the paced beats is evident. Apical pacing induces a type I 
pattern whereas outflow and inflow pacing induce a type II 
pattern. The anterior systolic motion is minimal during out- 
flow pacing and more prominent during inflow pacing. 

Left ventricular dimensional changes during 
right ventricular pacing: Table II gives the mean of 
the averages of the end-diastolic and end-systolic di- 
mensions during sinus rhythm and ventricular pacing 
at the three different sites. Dimensional changes were 
compared at minimal, mean and maximal paced rates 
with those calculated during sinus rhythm before pacing 
each site. The end-diastolic dimension decreased sig- 
nificantly during pacing from all three sites at minimal, 
mean and maximal pacing rates. The end-systolic di- 
mension decreased insignificantly at minimal and mean 
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FIGURE 6. Simultaneous echocardiogram, phonocardiogram and carotid pulse tracing during sinus rhythm (NSR) and apical, outflow and inflow — 
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tract pacing at similar rates showing varying septal motion in the same patient. The arrows point to the S and E points referred to in previous figures. — 
A change in configuration of the QRS complex during pacing at the three different sites is evident. For further explanation see text. 1 


pacing rates, but at maximal paced rates it decreased 
significantly during apical and outflow pacing. The 
decrease was 13.88 percent (p < 0.05) at rates of 147 + 
3 beats/min during apical pacing, 8.5 percent (P « 
0.025) at rates of 146 + 5 beats/min during outflow 
pacing and 5.55 percent (not significant) during inflow 
pacing at rates of 151 + 2 beats/min. There was no sta- 
tistically significant change in the posterior wall ex- 
cursion during incremental pacing at any of the three 
sites. 

Seven patients who had pacing from all three sites 
were compared separately as a group to determine if 
dimensional changes were related to pacing site (Table 
IV). The change in end-diastolic and end-systolic di- 
mensions did not differ significantly at the three sites 
at comparable mean and maximal pacing rates. Al- 
though the minimal pacing rate during inflow pacing 
was higher than that at the apex and outflow region, 
there was no statistically significant difference in the 
change in dimensions at these rates at the three pacing 
sites. 

Discussion 

Our results show that abnormal motion of the ven- 
tricular septum during right ventricular pacing is a 
common occurrence. A majority of patients (10 of 12) 


had abnormal septal motion during apical pacing and 
all patients demonstrated abnormal motion during 


TABLE IV 


* 
outflow and inflow pacing. Although abnormal ven- 
tricular septal motion has previously been observed in - 
some patients with a right ventricular apical pace- . 
maker?:!^ inserted for complete heart block or the sick — 
sinus syndrome, our study provides data on the effect 
of incremental ventricular pacing at different right . 
ventricular sites on ventricular septal motion, left | 
ventricular endocardial motion and left ventricular 


dimensions. 


The anatomic, electrophysiologic and contractile — 
characteristics of the human ventricular septum in both © 
normal and abnormal states are incompletely under- — 
stood. Consequently any explanation of the genesis of - 
the different patterns of motion as seen in this study - 
must take into consideration the following: (1) The in- - 
terventricular septum is composed of contractile mus- — 
cle; (2) the reflection of contractility is evidenced by the 
echocardiographic observation of septal thickening; (3) — 
the contractile role of the right and left septal masses — 
and their temporal relations; (4) the effect of differential — 
pressure phenomena, ventricular volumes and altered | 
contractility on septal thickening; and (5) limitation of - 
single plane echocardiography in the analysis of the - 
anatomic and contractile characteristics of the ven- - 
tricular septum. p. 

Role of activation sequence in ventricular septal 
motion: The observation that different types of septal 
motion could be related for the most part to different - 
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Dimensional Changes in Seven Patients With Pacing From All Three Sites (mean + standard error of the mean) 
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Minimal Paced Rate 





Mean Paced Rate 





Maximal Paced Rate 








Site of j 
Pacing Beats/Min EDD* (cm) ESD * (cm) Beats/Min EDD* (cm) ESD* (cm) Beats/Min EDD* (cm) ESD* (cm) . 
Apex 86 *5 0.24 + 0.06 0.26 * 0.07 123*6 0.51 + 0.13 0.32 * 0.06 152+2 1+0.17 0.45 + 0.18 
Outflow 90 * 7 0.28 * 0.10 .0.21 + 0.06 119 +3 0.50 + 0.15 0.19 + 0.06 153 +4 0.89 + 0.17 0.51 + 0.06 
tract ` " 
Inflow | 96:6 0.25 + 0.06 0.18 + 0.06 125+4 0.66 + 0.15 0.27 + 0.08 152+3 0.81 + 0.18 


tract 






J. compared. 
EDD = end-diastolic dimensi 


S 


0.29 + 0.07. 
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. pacing sites suggests that the former were determined 
. primarily by the sequence of ventricular activation and 
—A consequent differential ventricular contraction. Com- 
. mon to all three patterns of septal motion during right 
k ventricular pacing was an early rapid preejection pos- 
Er septal motion (Q-S interval). The most likely 
_ explanation for this posterior motion is the posterior 
- displacement of the septum caused by increasing right 
. ventricular pressure that preceded the pressure devel- 
ui En in the left ventricle because of delayed activation 
of the latter. In support of this possibility are the ob- 
E servations that delay in onset of left ventricular con- 
; traction or increase in pressure, or both, occurs in dogs 
- during right ventricular stimulation,!6!7 in experi- 
mentally produced complete bundle branch block!® and 
in patients with spontaneous left bundle branch 
_ block.!9:2° In unpublished observations on the canine 
. heart, we have also found an increase in right ventricular 
. pressure preceding that of the left ventricle during en- 
. docardial pacing of the right ventricular apex, outflow 
and inflow regions. Prolongation of the Q-E interval (Q 
P wave or stimulus artifact to onset of anterior motion of 
. posterior endocardium) during right ventricular pacing 
E is also suggestive of delayed onset of left ventricular 
fj ejection. A greater disparity of the electromechanical 
septal to left ventricular endocardial events is also evi- 
- denced by the decrease in the Q-S/Q- E ratio during 
$ paced beats compared with beats of sinus origin. 
f It is not certain whether the small but consistent 
i „septal thickening seen during the preejection phase of 
d ventricular septal motion represented active contraction 
- of the right or left septal mass. Because the sequence of 
5 -ventricular contraction follows that of ventricular ac- 
t _ tivation, during right ventricular pacing the right septal 
5 mass would be expected to contract before the left. 
_ Armour et al.?! showed that the ventricular septum of 
5 the canine heart comprises a thin right and relatively 
(thick left septal mass, the latter being capable of gen- 
_ erating greater change in contractile force. Other in- 
| vestigators?? have suggested that the human ventricular 
. septum is composed of a relatively thin right septal 
. mass. Consequently it is possible that the right septal 
i mass is capable of less thickening than the left septal 
_ mass. Furthermore, posterior displacement of the sep- 
E- gram during active right septal contraction will be con- 
e _ trary to the behavior of the left septum, which moves 
_ posteriorly (toward the left ventricular cavity) during 
E active contraction. The possibility exists that the 
_ thickening observed during the preejection septal mo- 
` tion is related in part to contraction of the left septal 
$ Enos which explains the posterior motion of the septum 
K - during the preejection phase. The relatively thin right 
[ septal mass may allow easy exit of the paced impulse to 
| the left septal mass. 
The most consistent pattern of septal motion allowing 
f distinction between types I and II was the characteristic 
. motion of the septum during ejection. During ejection, 
- the ventricular septum moved normally (posteriorly) 
_ with apical pacing, but paradoxically (anteriorly) with 
outflow and inflow pacing. In addition, the septum 
- showed normal thickening during apical pacing and no 
T 


UE 


thickening during outflow and inflow pacing. These 
observations suggest that the anterior (paradoxic) 
ejection septal motion seen during outflow and inflow 
pacing is a passive phenomenon related to delayed left 
ventricular contraction with later displacement of the 
septum anteriorly. 

The occurrence of type I ventricular septal motion 
during apical pacing and type II motion during outflow 
and inflow pacing strongly suggests that the sequence 
of ventricular activation and consequent contraction are 
responsible for the corresponding patterns of motion. 
Although the precise sequence of ventricular activation 
resulting from different pacing sites is not known, cur- 
rent knowledge suggests a partial explanation for the 
various types of septal motion during the ejection phase. 
It is conceivable that during apical pacing the impulse 
may quickly penetrate the rich Purkinje network in that 
area with transseptal muscle to muscle conduction 
proceeding simultaneously. Activation of the left and 
right ventricles would occur in a manner not too dis- 
similar from normal, that is from apex to base, with 
minimal differences between right- and left-sided ac- 
tivation. This sequence of left ventricular activation will 
result in near simultaneous contraction of the ventric- 
ular septum (left septal mass) and the left ventricular 
posterior endocardium during ejection. On the other 
hand, during outflow and inflow pacing one would ex- 
pect activation of the ventricular septum in advance of 
the left ventricular free wall in a base to apex direction, 
at least in the initial stages of activation. Subsequently 
during ejection when the remainder of the left ventricle 
contracts, the relaxed septum may be displaced ante- 
riorly (paradoxic motion). 

The type III pattern seen in only one patient during 
both outflow and inflow pacing seems to represent a 
variant of the type I pattern because it was associated 
with a preejection motion followed by a mid-systolic 
ejection motion. The mechanism of the third posterior 
motion that commenced in late systole and extended 
through diastole is not clear, although it might represent 
an exaggeration of the “notch” or “break” in the septal 
motion seen during sinus rhythm.!4 

The finding that during apical pacing two patients 
had normal ventricular septal motion and one a type II 
pattern, while during outflow pacing one had a type I 
pattern, may be related to slight variation in pacing sites 
in the same general region. Thus, it is likely that pacing 
in different areas in the apical, outflow and inflow region 
may considerably alter the abnormality in septal mo- 
tion. However, the design of our study did not allow 
examination of this possibility. 

Effect of pacing rate on ventricular septal mo- 
tion: The rate of ventricular pacing had significant ef- 
fects on septal motion. At faster pacing rates, type I and 
III patterns changed to a type II pattern (five patients) 
and systolic septal thickening decreased in most pa- 
tients. It is possible that, at faster pacing rates, con- 
tractile force developed by the muscular septum de- 
creased, causing a relatively inert septum to be dis- 
placed anteriorly by the delayed left ventricular con- 
traction. Our finding that systolic septal thickening 
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decreased in most patients at faster pacing rates sub- 
stantiates this conclusion. Also, because the septum 
serves as a common wall between the two ventricular 
cavities, it is possible that an unequal change in volume 
of one or the other ventricle caused by the faster rates 
could influence the motion of the septum. 

Relation of septal motion in induced left bundle 
branch block to that in spontaneous left bundle 
branch block and Wolff-Parkinson-White syn- 
drome: The abnormal septal motion described in pa- 
tients with spontaneous left bundle branch block is 
qualitatively similar to the type II pattern that occurred 
in most patients during inflow and outflow pacing and 
is dissimilar to the type I pattern seen during apical 
pacing. Although most previous echocardiographic 
studies? in patients with spontaneous left bundle 
branch block have not attempted to differentiate pa- 
tients with a normal axis from those with abnormal left 
axis deviation, it is possible that some patients with left 
bundle branch block and left axis deviation (the QRS 
pattern resulting from apical pacing) may show a type 
I pattern. Patients with type B Wolff-Parkinson-White 
syndrome caused by preexcitation of the anterior or 
lateral parts of the right ventricle have abnormal septal 
motion whereas those with preexcitation of the posterior 
right ventricle have normal septal motion.* The orien- 
tation of the initial forces of the QRS complex during 
inflow and outflow pacing is similar to that seen in the 
Wolff-Parkinson-White syndrome with preexcitation 
of the anterior right ventricle; moreover, the QRS 
complex during total preexcitation is very similar to that 
seen during pacing of these two sites. A likely site of 
stimulation during inflow pacing is the anterior upper 
right ventricle, which might explain why septal motion 
in type B Wolff-Parkinson-White syndrome (with an- 
terior ventricular preexcitation) is similar to that seen 
during inflow and outflow pacing. 

Effect of pacing site and rate on left ventricular 
dimensions: Earlier studies**-*° in the dog indicated 
that the site of an ectopic ventricular pacemaker is a 
major determinant of cardiac output, coronary blood 
flow and arterial pressure. However, subsequent in- 
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vestigators?6-?? concluded that the site of a ventricular 
pacemaker had no significant effect on cardiac perfor- 
mance. Although in our study abnormal septal motion 


precluded the echocardiographic determination of- 
ejection fraction and stroke volume, the finding that 
pacing site did not significantly influence end-diastolic — 


E 


Po 


dimensional changes suggests that end-diastolic volume — 
changes are independent of pacing site. Pacing site also _ 


did not significantly influence end-systolic dimensional 
changes although inflow and outflow pacing were as- 


sociated with a smaller decrease in this dimension rel- . 


ative to apical pacing. This finding was related to par- - 


adoxic motion of the septum during inflow and outflow 
pacing. Moreover, paradoxic motion (type II) during 
outflow and inflow pacing provides evidence for 


dyskinetic septal contraction whereas apical pacing - 


preserved normal ejection septal contraction. 


The effect of increasing heart rate on ventricular size 
has been studied in dogs and infrequently in man. In- 
creasing the heart rate by atrial pacing in dogs has been © 
shown to decrease end-diastolic diameter as measured © 


by a modified ultrasonic technique.? Similarly, a de- 
crease in end-diastolic volume as measured with the 


thermodilution technique and biplane cineradiography — 
has been shown to occur in both anesthetized?? and 
conscious?! dogs. Hugenholtz et al.?? showed in a single — 


patient that the end-diastolic volume decreased sig- — 


nificantly at increasing ventricular rates, whereas Gobel - 


et al.!? found that left ventricular end-diastolic volume 
and pressure were significantly reduced during right . 
ventricular apical pacing at a fixed rate of 100 beats/ — 


min. Our study showed that end-diastolic dimension is | 
significantly and progressively decreased whereas — 


end-systolic dimension is not significantly altered up 


to moderate rates of 120 beats/min during incremental - 
pacing of the right ventricular apex and outflow and — 
inflow tracts. Although atrial pacing at comparable rates | 


was not performed, the observed decrease in end-dia- — 
stolic dimension is probably related to loss of atrial - 
function, shortened diastolic filling period and perhaps, - 

in part, to abnormal sequence of depolarization during 


ventricular pacing. 
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Phase 4 or phase 3 block or both occurred in the His bundle branch system 
of 11 patients with intermittent bundle branch block and in the anomalous 
bundle of 6 of 46 patients with the Wolff-Parkinson-White syndrome ( 13 
percent). Administration of a single dose of ajmaline (50 mg intravenously) 
in these patients caused a similar response: expansion of the range of 
phase 3 and phase 4 block at the expense of the intermediate normal 
conduction range and total interruption of conduction in the affected 
fascicle when the effect of the drug was maximal. The great similarity in 
physiologic behavior and pharmacologic response in these groups of pa- 
tients suggests that the anomalous bundle was probably diseased or _ 
abnormal in the six patients with Wolff-Parkinson-White conduction. In 
addition, ajmaline caused the first appearance of phase 4 or phase 3 block, 
or both, but not total interruption of conduction in 26 of the 46 patients with 
Wolff-Parkinson-White conduction (56.5 percent). Ajmaline does not 


cause fascicular block in normal subjects; thus this finding suggests either 


that the anomalous bundle is diseased or that the safety margin for con- 
duction in the anomalous bundle is much narrower than in the bundle 
branch system. The conduction-depressing action of ajmaline may be 
greater at relatively rapid or relatively slow rates of stimulation, and 
smaller or absent at intermediate rates. 


Recently, we demonstrated! that the anomalous bundle of patients with 
the Wolff-Parkinson-White syndrome can show rate-dependent con- 
duction disturbances similar to those previously described in the His 
bundle branch system of patients with intermittent bundle branch 


 block.?-? When appropriate changes in rate were induced, block in the 


His bundle branch system as well as in the anomalous bundle gave rise 
to (1) an early range of systolic, tachycardia-dependent or phase 3 block; 
(2) a late range of diastolic, bradycardia-dependent or phase 4 block; and 
(3) an intermediate range of normal conduction. In this paper, we show 
that the administration of a conduction-depressing drug like ajmaline* 
causes a similar response in both groups of patients, thus further sup- 
porting the analogy between the anomalous bundle and the His bundle 
branch system. An important consequence of this analogy is the recog- 
nition that the anomalous bundle, like the bundle branches, may be ei- 
ther normal or diseased and that this distinction may have significant 
prognostic and therapeutic implications. 


Material and Methods 


Eleven patients with intermittent bundle branch block (right bundle branch 
block in 4, left bundle branch block in 6 and left anterior hemiblock in 1) and 
46 patients with the Wolff-Parkinson-White syndrome (type A in 20 and type 
B in 26) were studied. Changes in heart rate were provoked in order to examine 
conduction. Exercise was utilized to increase the sinoatrial rate and carotid sinus 


* Ajmaline is a rauwolfia derivative, used in Europe for the acute treatment of different 
ventricular and supraventricular tachyarrhythmias. Because of its strong depressing effect 
on intraventricular conduction, it has also been used in the diagnosis of latent or inapparent 
conduction disturbances. 
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Effects of Ajmaline in 11 Patients With Intermittent Bundle Branch Block 
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Control Ajmaline 
Phase 3 Phase 4 Phase 3 Phase 4 
Case Type Block Range Block Range Escape Block Range Block Range Escape 
no. of Block (distal limit) (proximal limit) Interval (distal limit) — (proximal limit) Interval 
1 IRBBB 1810 Rate-independent RBBB 
840—4840 
2 ILBBB 630 A 710 ^ 
3 ILBBB 580 1200 Rate-independent LBBB 
410—1600 
4 ILBBB 800 Ny J 1530 960 n 
5 ILBBB 1000 1450 EIF 2160 1000 1200 
J 1450 
6 ILAH 770 Yu Rate-independent LAH 
610—5920 
7 IRBBB 980 1250 Z2. 
8 ILBBB 660 A 880 * os f. 
9 IIRBBB 1840 J 2040 Rate-independent CRBBB J 3100 
740—3460 
10 ILBBB 630 760 are 
11 980 


IRBBB 780 





All values are in milliseconds and express the R-R intervals. 
* No longer pauses were obtained. 


CRBBB = complete right bundle branch block; EIF = escapes from injured fascicle; || RBBB = intermittent incomplete right bundle branch 


- block; ILAH = intermittent left anterior hemiblock; ILBBB = intermittent left bundle branch block;IRBBB = intermittent right bundle branch 


block; J = junctional; LAH = left anterior hemiblock; LBBB = left bundle branch block; RBBB = right bundle branch block. 
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_ FIGURE 1. Case 1 (Table |). Effects of ajmaline in a patient with inter- 

 mittent right bundle branch block. A, B and C, selected strips obtained 
. during carotid sinus stimulation before (A) and after administration of 
-` ajmaline (B and C). The bottom diagrams show schematically the result 

. ot the entire study. The black bars correspond to right bundle branch 
_ block and the white bars to normal conduction. Scale at the bottom and 
.. R-Rintervals in the electrocardiographic strips are in msec. See text 


for further description. 
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massage to decrease the rate or to provoke sufficiently long 
diastolic intervals. After this “control” study, ajmaline was 
administered in a single intravenous dose of 50 mg, and the 
same maneuvers were repeated every 1 to 2 minutes until the 
electrocardiogram returned to control conditions. The effects 
of ajmaline lasted for 8 to 40 minutes. 

Phase 3 and phase 4 block in the bundle branches were 
defined according to the following criteria? ®: Phase 3 bundle 
branch block occurs at a rapid or relatively rapid heart rate 
and disappears when the rate decreases below a critical value. 
Conversely, phase 4 bundle branch block occurs at a slow or 


relatively slow heart rate and disappears when the rate rises 


above a critical level. The critical rate (or diastolic interval) 
that separates phase 3 block from normal conduction is ob- 
viously different from the one that separates normal con- 
duction from phase 4 block. Similar criteria were used to de- 
fine the presence of phase 3 and phase 4 block in the anoma- 
lous bundle,! but it should be noted that, although block in 
the bundle branches evokes specific forms of QRS aberration, 
block in the anomalous bundle causes disappearance of the 
Wolff-Parkinson-White QRS aberration. The ranges of phase 
3 block, normal conduction and phase 4 block were indicated 
as in previously published diagrams.!-? Junctional escapes 
were defined with use of established criteria.9? Escapes from 
the injured fascicle (in the His bundle branch system) were 
characterized by a QRS pattern opposite to the corresponding 
bundle branch block.? 


Results 


Patients with intermittent bundle branch block 
(Table I): Under control conditions, all 11 patients with 
intermittent bundle branch block manifested phase 3 
block, whereas only 2 had documented concomitant 
phase 4 block. Junctional escape was observed in three 
patients, one of whom also manifested escape from the 
injured fascicle. After the administration of ajmaline 
and during the peak effect of the drug (1 to 5 minutes 
after injection), six of the nine patients with phase 3 
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block alone exhibited a great prolongation of the range 
of phase 3 block, at the expense of the normal conduc- 
tion range. The impression was that the drug caused 
conduction to deteriorate in the affected fascicle by 
prolonging an already abnormally long refractory pe- 
riod. In the remaining three patients with only phase 3 
block, the effect of ajmaline was more dramatic. Ap- 
. parently, conduction in the affected fascicle was totally 
interrupted (although transiently) because normal 
conduction did not occur after diastolic intervals of 
4,840, 5,920 and 3,460 msec, respectively. 


Figure 1 illustrates the effects of ajmaline in one of these 
three patients (Case 1). The control study showed the presence 
of intermittent right bundle branch block, and a pause of 3,640 


TABLE II 
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msec was terminated by a sinus beat still showing some degree 
of incomplete right bundle branch block (second strip in A). 
Under the effect of ajmaline, the high degree of right bundle 
branch block persisted after a pause of 4,840 msec (first strip 
in B), suggesting that the drug changed the phase 3 bundle 
branch block into a transiently rate-independent bundle 
branch block, with possible total interruption of conduction. 
Thirty minutes after injection, the effect of the drug had 
subsided, although not completely (panel C). 'The three di- 
agrams at the bottom of Figure 1 present the results of the 
study in terms of ranges of block and conduction in the af- 
fected fascicle. 


In one of the two patients with simultaneous phase © 


3 and phase 4 block, ajmaline shifted the range of phase 


4 block to the left (narrowing the intermediate range of — j 


Effects of Ajmaline in 46 Patients With Wolff-Parkinson-White (WPW) Syndrome 











Control Ajmaline 
Case Phase 3 Block Ranget Phase 4 Block Ranget Phase 3 Block Ranget Phase 4 Block Ranget 
no. (distal limit) (proximal limit) (distal limit) (proximal limit) 
1* 700 1090 2240 
2r 760 1040 2600 
3 "Y (WPW 460—1020) 1080 b el 
4 Ru (WPW 560—980) 740 1210 
5* 1560 Rate-independent block in the anomalous bundle 
580—3700 
6* 770 1000 dn 
Y dí 720 8700 Y. 
8 aad (WPW 730—4100) 1440 Ner 
9 YU (WPW 500— 1220) 600 ee 
10 rhs (WPW 560—640) 640 t 
11 ers (WPW 440—990) 500 t 
12 m (WPW 650—930) 770 + 
13 Mu (WPW 440—760) 530 t 
14 En (WPW 600—2140) ae 740 tus 
15* 770 2880 Rate-independent block in the anomalous bundle 
580—4300 
16 Ax. (WPW 560— 1920) Pus 
17 A (WPW 600—1600) a eget 
18 A (WPW 600—700) 750 t 
19 e. (WPW 800—1000) 800 t 
20 Ae (WPW 760—880) 740 i 
21 M (WPW 560—700) 680 t 
22 va^ (WPW 600—720) 640 t 
23 us d (WPW 700—1 120) Pet s 
24 yt (WPW 640—720) PI. EPA 
25 sets (WPW 700—900) 840 t 
26 bz. (WPW 880—960) 900 + 
27 td (WPW 540—640) 600 t 
28 A (WPW 700—740) MM k. 
29 ate (WPW 1000—1400) uw 
30 Mg (WPW 720—800) CE, 
31 S (WPW 820—1100) iX. 
32 As (WPW 640—960) Pin 
33 PE. (WPW 900-1 100) f 
34 oe, (WPW 700—820) Pa 
35 uu (WPW 740—960) 880 + 
36 vo (WPW 600—680) 680 + 
37 Jak (WPW 800—880) UE 
38 V (WPW 600—720) 700 
39 me p (WPW 900—1100) 1000 t 
40 ie. (WPW 720—760) 4e zd 
41 Met (WPW 560—680) 640 t 
42 Us (WPW 600—640) 640 t 
43 uM (WPW 500—600) 600 t 
44 E (WPW 800—1040) 880 $ 
45 C - (WPW 680—860) 720 + 
46 ... (WPW 600—920) ids A 
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* Cases with intermittent WPW conduction. 


T Measurements of phase 3 and 4 block apply to the anomalous bundle. 


* No longer pauses were obtained. 
All values are in milliseconds and express the P-P intervals. 
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| FIGURE 2. Case 3 (Table |). Effects of ajmaline in a patient with atrial 
- fibrillation and intermittent left bundle branch block. The control study 
(A), which included carotid sinus stimulation, showed the simultaneous 
presence of phase 3 block (beats 1 to 4 and beat 8) and phase 4 (beat 
9), after respectively, the shortest and the longest diastolic intervals; 
normal conduction (beats 5 to 7) followed diastolic intervals of inter- 


^ mediate duration. The corresponding diagram at the bottom (A) shows 
. atypical accordion effect. Black bars to the left indicate phase 3 block; 
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_ black bars to the right indicate phase 4 block; white bars indicate 


normal conduction. Ajmaline (B) caused total interruption of conduction 
or closure of the accordion. Thirty-five minutes after the injection (C), 


the intermediate range of normal conduction reappears, but is still 


extremely narrow. Scale and R-R intervals in msec. 


- normal conduction); in the other, ajmaline caused total 
— interruption of conduction. In the latter case (Fig. 2) the 
. normal conduction range was totally suppressed (panel 
and diagram B) and was much narrower when it reap- 


peared 35 minutes after injection of ajmaline (panel and 
diagram C). 
Ajmaline suppressed or delayed the occurrence of 


2 . junctional escape and escape from the injured fascicle 
. in the three patients with such findings during the 


E TEF: i hi 


A 
s 


-control study (Table I). 


Patients with Wolff-Parkinson-White syndrome 
. (Table II): Under control conditions, only 5 of the 46 
— patients with the Wolff-Parkinson-White syndrome had 


— phase 3 block in the anomalous bundle; an additional 


V 
on 
P 


i patient had simultaneous phase 3 and phase 4 block. 


Ur 


Of the 40 patients without evidence of block in the 
anomalous bundle during the control study, ajmaline 


b . caused the appearance of phase 3 block in 26 patients, 


and only 1 of these also had phase 4 block (Fig. 3). In the 


— control study (strip and diagram A), a Wolff-Parkin- 
- son-White pattern was present at all diastolic intervals 


LL 


— between 560 and 980 msec. After the administration of 
E eae (strips and diagrams B-C), normalization of 
. the QRS complex, which indicates block in the anom- 
alous bundle, occurred after both relatively short and 
relatively long diastolic intervals, whereas conduction 
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FIGURE 3. Case 4 (Table Il). Effects of ajmaline in a patient with 
Wolff-Parkinson-White syndrome. Symbols and scale as in Figures 1 
and 2. Ajmaline (B and C) caused an accordion effect in the anomalous 
bundle. See text for further description. 


through the anomalous bundle, giving rise to the 
Wolff-Parkinson-White pattern only, occurred at in- 
termediate diastolic intervals. In 14 of these 40 patients, 
ajmaline failed to produce any manifestation of im- 
paired conduction in the anomalous bundle. 

Of the five patients showing phase 3 block in the 
anomalous bundle in the control study, ajmaline caused 
total interruption of conduction in one (Case 5). In all 
of the remaining four patients (Cases 1, 2, 6 and 7), the 
drug caused a significant prolongation of the phase 3 
block range and the additional appearance of phase 4 
block in two of the four (Cases 1 and 2). 


Figure 4 shows the effects of ajmaline in Case 2. The control 
study (strips A and B) show that block in the anomalous 
bundle (manifested by normalization of the QRS complex) 
occurred only when the rate was relatively rapid, whereas 
conduction was preserved when the rate was slow and after 
diastolic intervals of 2,290 and 4,440 msec. During the peak 
effect of the drug, 3 to 8 minutes after injection (strip C), the 
range of phase 3 block was shifted to the right, as shown by the 
second beat, exhibiting a normal QRS pattern after an interval 
of 980 msec; a range of phase 4 block appeared, as shown by 
the third beat, which exhibits normalization of the QRS 
complex after a pause of 3,380 msec. The bottom diagram 
shows that ajmaline caused the appearance of a typical ac- 
cordion effect.* In the single patient whose control study 
showed the simultaneous presence of phase 3 and phase 4 
block, ajmaline caused total interruption of conduction in the 
anomalous bundle (Fig. 5). 


Comparative effects of ajmaline: The main pur- 
pose of our study was to show the possible similarity of 


* The term “accordion effect” (‘‘Troilo effect'')?:^ was proposed to 
describe ‘‘compression’’ by phase 3 and phase 4 block ranges of the 
intermediate normal conduction range in patients with intermittent 
bundle branch block; it is applied here to patients with intermittent 


Wolff-Parkinson-White conduction with the same connotation. The term — 


should be distinguished from the “concertina effect'’,° which describes 
an inverse relation between the P-R and QRS duration and applies only 
to the Wolff-Parkinson-White syndrome. 
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FIGURE 4. Case 2 (Table Il). Effects 4, 990 3380 men iL. Yemeni EE 840.7907. 080 
of ajmaline in a patient with Wolff- 


Parkinson-White syndrome who n $e 

showed phase 3 block in the in— — —— — — — ——— ————————3À 
anomalous bundle during the control 

study (A and B). After ajmaline (C) 
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shifted to the right and a range of 


| phase 4 block was uncovered. For RP 
‘ . MM pee oe pee geckos ee eee! See Pe Tl T 9 9 9g TM MÓ— Pra —É GG a ae aaa 
further description, see text.  . 0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 
CONTROL 


inl IAA 
udi teu tod i id 





FIGURE 5. Case 15 (Table Il). Effects of ajmaline in a patient 
- with Wolff-Parkinson-White syndrome who showed the si- 
multaneous presence of phase 3 and phase 4 block in the 
anomalous bundle during the control study (A). Ajmaline (B) 
closed the accordion or caused total interruption of con- n.p 

. duction in the anomalous bundle. o 400 800 1200 1600 2800 3200 3600 4000 4400 4800 
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FIGURE 6. Comparative effects of ajmaline in four patients with Wolff-Parkinson-White (WPW) syndrome and four patients with intermittent bundle 
branch block (BBB) matched for type and degree of conduction disturbances observed during the control study. A = ajmaline; C = control. The 
arrow in panel 2 corresponds to the presence of junctional escapes. Other symbols and scale as in previous figures. The anomalous bundle and 
the bundle branches show similar conduction disturbances and also a similar response to ajmaline. See text for further description. P-P (left) and 


R-R (right) intervals are shown in msec. 


the effects of ajmaline on the His-bundle branch system 
of patients with intermittent bundle branch block and 


-on the anomalous bundle of patients with Wolff-Par- 
- kinson-White conduction, and this resemblance is 
emphasized in Figure 6. Four patients with Wolff- 
-= Parkinson-White conduction and four with intermittent 


bundle branch block were matched on the basis of a 


similar degree of conduction disturbances observed 
— during the control study. The similarity between groups 
. in physiologic behavior is certainly impressive but, in 


addition, the pharmacologic responses to ajmaline were 


. also parallel; the depressing effects of ajmaline upon 


conduction were, within certain limits, proportionate 


. to the degree of impaired conduction present before 


administration of the drug. Moreover, because the His 
bundle branch system was obviously diseased in the four 


-~ patients with intermittent bundle branch block, the 
similarity in physiologic behavior and pharmacologic 
M response to ajmaline suggests that the anomalous 
. bundle was also diseased in the four patients with the 


Wolff-Parkinson-White syndrome. 


Discussion 


Effect of ajmaline on conduction system: The ability of 
ajmaline to impair conduction further in patients with in- 
traventricular block and to cause block in the anomalous 
bundle of patients with Wolff-Parkinson-White is not a new 
observation. However, although previous studies!?-!? estab- 
lished ajmaline as a conduction depressant, they did not in- 
dicate specifically how the effects of ajmaline are achieved. 
Our results show that ajmaline specifically causes prolongation 


of the range of phase 3 block, as well as of the range of phase 
4 block, both increases at the expense of the intermediate 
normal conduction range. It is only when the effects of ajma- 
line are maximal that it causes total interruption of conduction 
in the fascicle in which the drug is being tested. Similarly, in 
the patients in whom ajmaline produced new phase 3 and 
phase 4 block not present in the control study, the drug may 
have provoked a prolongation of a minimal or latent degree 
of phase 3 block and extension of minimal or latent degree of 
phase 4 block. Although ho direct proof can be offered, this 
assumption is consistent with the observations that it is dif- 
ficult to document very slight degrees of phase 3 or phase 4 
block! and that ajmaline causes fascicular block only in dis- 
eased or abnormally functioning fascicles. It is obvious that 
ajmaline does not impair conduction simply by slowing con- 
duction velocity in the affected fascicle because it would then 
be impossible to explain the fact that normal conduction can 
be preserved at intermediate rates, at a time when block oc- 
curs both at more rapid and slower rates. In our laboratory, 
ajmaline has been tested in a large number of patients with 
partial atrioventricular (A-V) block or incomplete bundle 
branch block and in a large series of normal subjects. These 
studies showed that, at the dose used (70 mg in a single in- 
travenous injection), ajmaline did not cause bundle branch 
block in normal subjects, whereas such block could readily be 
elicited when the bundle branch system was previously dis- 
eased. 

Ajmaline and the anomalous bundle in Wolff-Parkin- 
son-White syndrome: Six of our 46 patients (13 percent) with 
the Wolff-Parkinson-White syndrome showed natural evi- 
dence of block in the anomalous bundle and manifested the 
same physiologic behavior and the same response to the ad- 
ministration of ajmaline exhibited by the patients with in- 
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termittent bundle branch block (Fig. 6). This finding supports 
the concept that the anomalous bundle was also diseased in 
these patients. On the other hand, it is difficult to understand 
why, in 26 other cases (56.5 percent), the anomalous bundle 
showed evidence of block only under the effect of ajmaline. 
The following facts may provide a reasonable explanation. The 
anomalous bundle connects atrial with ventricular muscle 
across the A-V ring, unprotected by the natural fibrous 
structures (particularly the central fibrous body) that do 
protect the His bundle as the spine protects the medulla. In 
addition, the *mismatch-impedance" hypothesis advanced 
by De La Fuente et al.!? indicates that the safety margin for 
conduction may be much narrower in the anomalous bundle 
than in the His bundle branch system. Accordingly, it is in- 
deed plausible that the anomalous bundle may be more readily 
affected by mechanical factors derived from contraction of 
the heart, a wear and tear effect over the years, pathologic 
processes or by the action of conduction-depressing drugs. 
Furthermore, although the natural history of block in the 
anomalous bundle is practically unknown, there is increasing 
evidence that the preexcitation pattern *might disappear not 
only in the first year of life, but also in a considerable number 
of cases during adulthood."!? Durrer and Wellens!? also 
postulate that “the most attractive hypothesis" appears to be 
“fibrotic changes in the bypass." 

Correlation of clinical responses and electrophysio- 
logic properties of ajmaline: The latter will not be reviewed 
here; the reader is referred to a recent monograph” reporting 
a series of studies on this drug. However, such studies, per- 
formed in normal atrial, ventricular and Purkinje fibers, may 
be of little help and even contradictory when compared with 
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a clinical study such as ours dealing mostly with the effects - 


of ajmaline on injured or diseased fascicles.?!-?? Thus, al- 
though the studies on normal Purkinje fibers show that 


ajmaline significantly shortens the action potential duration - 


and also shortens (or prolongs only slightly) the refractory 
period, the prolongation of the range of phase 3 block observed 
in our patients is consistent with a prolongation of the action 
potential or, more likely, a great prolongation of refractoriness 
in the injured fibers of the affected fascicle. The prolongation 
of the range of phase 3 block caused by ajmaline was some- 
times so extreme as to suggest that the drug prolonged the 
recovery of excitability far beyond the end of the action po- 
tential. Another apparent contradiction occurs in relation to 
the effects of ajmaline on the range of phase 4 block. The 
studies in normal Purkinje fibers showed that ajmaline de- 
pressed the slope of spontaneous diastolic depolarization, an 
effect that would be anticipated to cause a reduction or shift 
to the right of the range of phase 4 block, which is the opposite 
of what we observed in our patients. However, if phase 4 de- 
polarization is not totally suppressed, depression of membrane 
responsiveness, also noted in the electrophysiologic studies, 
can explain the increment of the range of phase 4 block. Fi- 
nally, we should mention that, in our patients, not only the 
intensity but also the duration of the effects of ajmaline were 
proportionate to the degree of impaired conduction present 
before the administration of the drug. In several patients (not 
included in our study) with trifascicular block and advanced 
A-V block, a single injection of 50 mg of ajmaline caused total 
interruption of conduction that lasted from several hours to 
1 or 2 days, in marked contrast with the short-term effects 
normally ascribed to this drug. 
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| Systolic and Diastolic Ventricular Function in 


. Studies in Six Cases Diagnosed With Endomyocardial Biopsy 


Five cases of cardiac amyloidosis diagnosed after endomyocardial biopsy 
are described. Systolic function was normal in three cases as assessed 
by cardiac index, ejection fraction and maximal velocity of contractile 
element shortening at zero developed pressure. The diastolic dip and 
plateau wave form was a characteristic but not an invariable finding. In- 
creased ventricular end-diastolic pressure but normal end-diastolic volume 
indexes in all cases implied a disorder of diastolic compliance. The dia- 
stolic pressure-volume plots suggested a sudden decrease in distensibility 
after normal early filling of the ventricle. The functional defect did not 
necessarily differ from that of other diseases of heart muscle. Therefore, 
hemodynamic data should not be relied upon for diagnostic purposes. 
Electron microscopy was the most reliable aid in making the diagnosis 
from the endomyocardial biopsy specimens especially in the presence 
of fibrosis. It may not be valid to assume a diagnosis of cardiac amyloidosis 
from the finding of amyloid in other organs. 


The technique of endomyocardial biopsy enables one to diagnose cardiac 
amyloidosis during life.'? Until recently, a histologic diagnosis required 
open myocardial biopsy. Thoracotomy was sometimes fatal in patients 
with severe cardiac amyloidosis,?* and the diagnosis was frequently 
assumed from the association of cardiac symptoms with histologic proof 
of amyloid in noncardiac organs.?^6 Often the diagnosis was reached 
only at autopsy.9-!! 

Endomyocardial biopsy is now easy to perform and safe.!?.!? It is im- 
portant to make a definite diagnosis of cardiac amyloidosis in order to 
distinguish it from other forms of restrictive heart disease.!^ 6 The major 
clinical similarity is with noncalcific constrictive pericarditis,?! 7? which 
is amenable to surgical treatment. 

This paper reports on 5 patients with cardiac amyloidosis (Cases 1 to 
5) found among 78 patients who underwent biopsy for suspected car- 
diomyopathy during a 4 year period ending September 1, 1976. Of these, 
60 patients had congestive cardiomyopathy, 8 had hypertrophic ob- 
structive cardiomyopathy and 3 had eosinophilic cardiomyopathy.!9 One 
Nigerian patient had endomyocardial fibrosis. One patient (Case 6) with 
familial amyloidosis and coronary artery disease had normal biopsy 
findings and is contrasted with the five patients with genuine cardiac 
amyloidosis. 


Methods 


Hemodynamic measurements: Full informed consent, including consent 
for endomyocardial biopsy, was obtained. Patients were given premedication 
(atropine, 0.6 mg, and diazepam, 10 mg, intramuscularly). Cardiac output was 
measured with the indocyanine green dye-dilution technique from duplicate 
curves using a Gilford densitometer. 

Pressures were measured with Statham P23 Gb transducers using the sternal 
angle as a reference point, and the data were stored on magnetic tape (Phillips 
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Ana-Log 7 recorder). Selected parts of the data were then 
replayed through a Cambridge 12 channel photographic re- 
corder. Left ventricular pressures for force-velocity analysis 
were measured with a Telco (MM52) or Millar microma- 
nometer. Force-velocity analysis was performed using the 
method of Grossman et al.?^ and the techniques previously 
described.?° 

Left ventricular volume was calculated using a single plane 
area-length method?6 from cineangiograms taken in the right 
anterior oblique projection at 48 frames/sec. A light pen 
(Tektronix 4551) and computer system (Varian 620 L/100) 
were used to outline the left ventricular cavity frame by frame 
for a complete cardiac cycle and to compute left ventricular 
end-diastolic volume, left ventricular end-systolic volume, 
stroke volume, ejection fraction and ejection rate normalized 
for left ventricular end-diastolic volume (normalized ejection 
rate).?? 

Simultaneous measurements of pressure and volume 
during diastole were made in three cases, two of cardiac am- 
yloidosis (Cases 2 and 5) and one of familial amyloidosis 
without histologically proved cardiac amyloidosis (Case 6). 

Instantaneous pressure was recorded in the cine film with 
a mirror galvanometer mounted on the side of the cine camera. 
The ventricular pressure signal from a micromanometer was 
relayed through the galvanometer and a light beam deflected 
onto the cine film, its excursion being proportional to the in- 
stantaneous left ventricular pressure. À fixed light beam was 
used as a reference marker. The light pen was used to record 
the distance between the pressure and reference light spots, 
in addition to outlining the left ventricular cavity. 

Endomyocardial biopsy of the left ventricle: Biopsy was 
performed at the time of cardiac catheterization in all patients. 
The bioptome was introduced percutaneously down a long 
sheath into the ventricle. The sheath was manufactured from 


TABLE | 


Clinical Features in Six Cases 
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disposable nonradioopaque ultrathin-walled Teflon® medical 
grade tubing and was introduced over a standard catheter.’ 


The catheter was withdrawn, leaving the long sheath in situ, _ 


when the necessary hemodynamic data had been recorded. 
Modified Olympus fiberoptic bronchoscopic biopsy forceps 
were then introduced and several biopsy specimens were taken 
in rapid succession.!?28 Specimens for light microscopy were _ 
fixed in 10 percent formol saline solution and processed and 
cut by conventional techniques. Attempts were made to 
demonstrate amyloid with Congo red with examination under 
polarized light, thioflavine T with examination under ultra- 
violet light, and the sulfated alcian blue stain. Specimens for 
electron microscopy were fixed in glutaraldehyde, post-fixed — 
for 1 hour in osmium tetroxide and embedded and cut with 
conventional techniques. The sections were then stained with _ 
uranyl acetate and lead citrate, amyloid being identified as — 

a characteristic fibrillary protein deposited on the basement ~— 
membrane of individual myocardial cells. | 


Results 


The clinical data and subsequent course of the six 
patients are summarized in Table I. At the time of © 
presentation Patients 1 to 5 had grade II effort intol- - 
erance (New York Heart Association criteria2®) and 
their symptoms had been present 6 months to 10 years 
before study. One patient (Case 1) died with congestive 
heart failure 17 months after study although he had 
normal systolic function at cardiac catheterization. 
Further investigations in Cases 1 to 5 failed to show any © 
associated cause for the amyloid deposition. | 

Hemodynamic data (Table II): All five patients 
with cardiac amyloidosis had increased left ventricular 


























, Symptoms Duration Signs 
Case Age (yr) NYHA of Symp- , 
no. &Sex CHF AP Grade toms JVP . Auscultation Electrocardiogram Chest X-ray Outcome 
1 66M * - H 6 mo a=5 MR, TR Low voltage; small Large heart; Died 17 months 
R V,-V,; Qin pleural effu- after investiga- 
a {hi ea 111 and aVF sions; ULVD tion with CHF 
2 57M + - I 6 mo v=3 MR, TR, S, Low voltage; small Large heart; Alive. Symptoms 
R V,-V, ULVD unchanged 2 
yr later 
3 43F + + H 10 yr v=5 MR Low voltage ULVD Alive. Symptoms 
unchanged 2 
yr later 
4 55F + - I 1 yr v=5 Normal LBBB Large heart; Alive. Now grade 
É ULVD H1 1/2 yr 
later 
5 61M + - H 10 yr a-4 Mild AR, S, Abnormal re- Large heart Alive. Symptoms — 
v=1 polarization unchanged 
1 1/2 yr later 
6 47M -— * II 1 yr 0 Normal Normal Normal Alive. Symptoms 
unchanged 1 
yr later 
+ = present; — = absent. 


AP = angina pectoris; AR = aortic regurgitation; CHF = congestive heart failure; JVP = jugular venous pressure; LBBB = left bundle branch. 5 
block; MR = mitral regurgitation; NY HA = New York Heart Association; S, = third heart sound; S, = fourth heart sound; TR = tricuspic regurgi- - 


tation; ULVD — upper lobe vein diversion. 
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end-diastolic pressure and Patients 1 to 4 had a dip and 
- plateau wave form (Fig. 1); Patient 5 had a different 
wave form (Fig. 2). Mean left atrial, pulmonary arterial 
and peak systolic right ventricular pressures were also 
- greater than normal. Cardiac index averaged 2.9 li- 
- ters/min per m? (range 2.3 to 3.9). 

Table III shows the contractility data derived from 
 micromanometer pressure recordings. In all patients 
.. with cardiac amyloidosis, maximal velocity of contrac- 
. tile element shortening at zero developed pressure (KV 
. max) and maximal first derivative of left ventricular 
pressure (dP/dt) were within the normal range for our 
“Slee 29 The least negative dP/dt was recorded in 
. the patient with the greatest degree of fibrosis in the 
pengorescardial biopsy specimen (Case 5). 


DLL MNA 
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- FIGURE 2. Case 5. Left ventricular (LV) pressure recording. There is 
. no dip and plateau wave form. The endomyocardial biopsy in this case 


revealed extensive fibrosis and amyloid. E.C.G. = electrocardio- 


| gram. 
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FIGURE 1. Case 4. Typical dip and plateau wave form 
recorded simultaneously in the left atrium (L.A.) and left 
ventricle (L.V.). E.C.G. = electrocardiogram. 


Results of the angiographic volume analysis are also 
shown in Table III. All patients had a normal end-dia- 
stolic volume index; the ejection fraction was reduced _ 
in two (Cases 4 and 5). The normalized ejection rate?" 
was normal in all. 

Pressure-volume relations, studied at similar heart 
rates in three patients, are shown in Figure 3. In Pa- 
tients 2 and 5 with cardiac amyloid the pressure-volume 
relation is shifted upward and to the right compared 
with that in Patient 6, with a normal cardiac biopsy. The 
loop in Patient 2 shows rapid early filling and then a 
cluster of points at end-diastole, the rapid filling cor- 
responding to the dip and the cluster of points to the 
plateau in the pressure wave form. The loop in Patient 
5 does not show this cluster of points at end-diastole and 
this patient did not have a dip and plateau pressure 
wave form. Instead, throughout diastole increments in 
volume were achieved only with considerable incre- 
ments in pressure. | 

Histology: Ultrastructural study showed amyloid 
deposition on the basement membrane of individual 


TABLE II 


Hemodynamic Data 





Pressures (mm Hg) 








PCW 

Case RA RV/ PA orLA Peak 

no. Rhythm Mean RVED Mean Mean LVED LV CI 
1 SR 8 42/10 33 21 22 130 2.6 
2 AF 7 40/12 28 18 19 170 3.9 
3 AF 5 40/5 30 20 18 120 3.0 
4 AF 12 40/8 ^ 30 16 15 140 2.5 
5 SR 2 50/3 25 4. 22 40 185 2.3 
6 SR 3 28/- 20 6 3 160 2.5 


AF = atrial fibrillation; Cl = cardiac index (liters/min per m?); 
LV = left ventricular; LVED = left ventricular end-diastolic; PA = 
pulmonary arterial; PCW or LA = pulmonary capillary wedge or 
left atrial; RA = right atrial; RV/RVED = right ventricular/right 
ventricular end-diastolic; SR = sinus rhythm. 5 
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TABLE Ill 
Angiographic Contractility and Biopsy Data 
Volumes (ml/m?) dP/dt (mm Hg/sec) Biopsy 
Case Ser ta WP, CUP ct Se a TRE NER FEE. BK 70S A DIE 0 PRO 9 KV max 
no. EDVI ESVI SV EF (EDV /sec) Maximal Minimal (sec-!) Amyloid Fibrosis 
1 37 9 28 0.75 3.7 - ~ - 4 as 
2 90 29 61 0.68 2:7 2200 —2080 250 * — 
3 82 26 56 0.68 3.7 1450 —1600 100 + -— 
4 80 46 34 0.42 2.5 2096 —1440 150 + — 
5 74 39 35 0.46 2.9 1600 —1200 95 * ++ 
6 61 14 47 0.76 3.0 1280 — 250 — = 





dP/dt = first derivative of left ventricular pressure; EDVI = end-diastolic volume index; EF = ejection fraction; ESV! = end-systolic volume in- 
dex: KV max = maximal velocity of contractile element shortening at zero developed pressure; NER EDV = normalized ejectionrate (end di- 


astolic volume/sec); SVI = stroke volume index. 
+ = present; ++ = severe; — = absent. 


myocardial cells in all five patients (Fig. 4). In four cases 
the width of deposited material was always less than 5 
percent of the cell width. In these cases the ultrastruc- 
tural features of the cell were not grossly abnormal. In 
one case the amyloid also occurred as large masses in the 
interstitial tissues with considerable additional collagen 
present. The myocardial cells in this case showed con- 
siderable disruption of ultrastructural detail. 

Light microscopy of the material was possible in only 
four cases. Only one of the four specimens was abso- 
lutely identifiable as showing amyloid with light mi- 
croscopy alone. Without ultrastructural confirmation 
the other three specimens would have been equivocal 
for amyloid with the special stains used. 


70 


40 


LV. PRESSURE (mmHg) 


20 


FIGURE 3. Diastolic left ventricular (L.V.) pres- 
sure-volume relation in Cases 2, 5 and 6. The 
loops of the patients with cardiac amyloidosis 
(Cases 2 and 5) are shifted upward and to the right 20 
compared with those in Case 6 (see text). 


Cardiac Amyloidosis without fibrosis 


Familial Amyloid. Coronary Artery 
Disease. No Cardiac Amyloidosis 





We did not detect amyloid with light microscopy or 
electron microscopy in the other 73 patients in this 
study. In another study of more than 80 patients with 
myocardial hypertrophy due to aortic valve disease we 
found amyloid in only 1 patient and only a small amount 
was present. That patient, who had bacterial endocar- 
ditis, was too sick to undergo ventricular function 
studies at cardiac catheterization and died shortly after 
operation. 


Discussion 


The typical clinical features of cardiac amyloidosis 
have been well described previously?! and our five 
patients had many characteristic features. Presentation 


Cardiac Amyloidosis with extensive fibrosis 
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FIGURE 4. Case 1. Electron pho- - 
tomicrograph of endomyocardial 
biopsy specimen, stained with 
uranyl acetate and lead citrate. A 
dense layer of amyloid (A) is ad- 
herent to the myocardial fiber - 
basement membrane (BM). (X i 
12,000.) t 93 
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ES “with congestive cardiac failure and signs of mitral and out diastole. However, both also had a pericardial — 
: tricuspid regurgitation, increased jugular venous pres- effusion, which is a possible reason for loss of the dipand 
À Sure ; multiple electrocardiographic abnormalities and plateau wave form. The latter is a nonspecific feature — 
an enlarged heart on chest X-ray film were common of restrictive cardiomyopathy or of constrictive peri- 


ES features. - carditis.! A similar wave form may also be produced by — 
—— At cardiac catheterization there was considerable underdamped fluid-filled catheter manometer systems. — 
= elevation of the left ventricular end-diastolic pressure Except in Case 1, a catheter-tip micromanometer was 


ij (more than 15 mm Hg), which exceeded the right ven- used to record the left ventricular pressure waveform — 
tricular end-diastolic pressure by at least 7 mm Hg. This in our cases. Our findings confirm that the dip and . 
disparity between the ventricular end-diastolic pres- plateau wave form is a common although not invariable — 
: Pm helps to differentiate cardiac amyloidosis from feature of amyloid heart disease. In our series Patient — 
constrictive pericarditis.? 5, who had no dip and plateau wave form (Fig. 2), had - 

— Systolic function: The cardiac index was only extensive fibrosis as well as amyloid in his biopsy 


A Sirius reduced in one patient with cardiac amyloidosis. specimen and had mild systemic hypertension. Left — ^. 
fa os all five, values for maximal velocity of contractile ventricular filling was gradual in this patient and con- 
element shortening at zero developed pressure (KV tinued throughout diastole with sharp increases in 
. max) were in the normal range for our laboratory. By pressure accompanying further increases in ventricular — 
: _ angiographic criteria the left ventricular end-diastolic volume. Also, negative dP/dt was least in this patient, - e 
vo lume was normal in all cases. Systolic emptying has thus suggesting that early relaxation was slowest inthis — 
. been found to be reduced in previous reports”; three case. oats 
Bu our patients (Cases 1 to 3) had a normal ejection Mechanism of altered contractility and relaxa- 
. fraction.' "Thus, our series illustrates that systolic func- tion: The dip and plateau wave form might reflect an 
tion: may be normal in cardiac amyloidosis and cannot early diastolic resistance to filling that, when overcome, 
be used to differentiate the condition from constrictive allows additional filling with only small further in- Ic 
3 arcis 2s. creases in pressure (“balloon effect"). Our data in Case > 
D $ Di lic function: Rapid early diastolic filling with 2 suggest the reverse with normal early diastolic filling 
of filling in mid-diastole produces a charac- | that was halted abruptly. An understanding of the . r t. 
: t teristic xs and plateau wave form in the ventricular possible mechanism of this alteration requires a  . 
1 pressure tracing and was seen in four of our five patients knowledge of the sites of amyloid deposition. 
with cardiac amyloidosis (Fig. 1). This wave form has | Although intracellular amyloid has been described | 


. also been found in constrictive pericarditis.23 Two of the in plasma and reticuloendothelial cells adjacent to — . z 
vi . three patients with cardiac amyloidosis described by amyloid tissue,?? this finding would seem to relate either: 
S Chew et al.? did not have this feature. Both had absence to amyloid production or to phagocytosis.! Care must = 
E of M ov, third meer count and metic a eager i be taken i in B Maruan, intracellular amyloid on the hani 
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of electron microscopic findings because other fibrils 
exist within the cell and tangential sectioning may re- 
veal invagination of extracellular fibrils.°° Electron 
microscopic studies of our biopsy specimens failed to 
show intracellular amyloid in the cardiac myofibers. 
Extracellular amyloid appeared as a dense layer ad- 
herent to the cardiac myofiber basement membrane 
(Fig. 4). The effects of amyloid on systolic and diastolic 
function must therefore relate to its extracellular po- 
sition. 

X-ray crystallographic studies have shown that am- 
yloid has a beta pleated sheet fibril conformation?? that 
bears a close relation to the property of Congo red bi- 
refringence. However, the viscoelastic properties of this 
conformation are unknown and must be inferred from 
studies of its hemodynamic effects. Amyloid deposits 
in tissues have been described as lending them a “cer- 
tain amount of rubbery rigidity." ?? 

Our studies show that systolic function may be nor- 
mal at a time when diastolic function is impaired, and 
this finding may relate to some restriction of the elastic 
elements by the extracellular amyloid fibrils. Normal 
early diastolic filling with sudden resistance suggests 
that at a given point in the sarcomere length-tension 
curve further increases in length can be achieved only 
after very marked increases in tension. As the disease 
progresses, more amyloid deposits result in atrophy of 
the myocardial cells previously observed!!! and a con- 
sequent reduction in systolic function. Collagen for- 
mation and subsequent fibrosis further impair both 
systolic and diastolic function. 

Clinical implications: Although there is no specific 
treatment for cardiac amyloidosis, a definite diagnosis 
in life is valuable in order to exclude constrictive peri- 
carditis. The diagnosis of cardiac amyloidosis cannot 
be assumed from the findings of amyloid in other or- 
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gans. The possible errors in doing so are shown in Case | 
6. This patient had a history of familial amyloidosis, and : 
both lung and rectal biopsy revealed amyloid. However, - 
electron microscopy revealed no amyloid in cardiac bi- - 
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opsy specimens, and coronary arteriography revealed - 


coronary artery disease. It is possible this patient's | 
symptoms were due to amyloid deposition in the major 


extramural coronary arteries, but the work of Buja et . 


al.!! indicates that this is unlikely. It is also possible that — 


this patient had patchy amyloid deposits in the ven- 


tricular myocardium that were missed by the bioptome. 5 
However, several biopsy specimens from different sites — 


of the left ventricular free wall were taken, and none - 


showed evidence of amyloid on electron microscopy. 


Although light microscopy can detect amyloid de- - 


position, in our experience electron microscopy is the 


most reliable method. Failure of the conventional his- - 
tologic stains to detect amyloid probably represents a . 
combination of the basic unreliability of the staining - 
methods,?4 the small amounts of amyloid present and — 
the tiny biopsy specimens available. Demonstration of | 
amyloid in the heart at autopsy is usually not difficult . 


because in these terminal cases there are vast deposits | 
of amyloid. In addition, multiple large blocks of tissue — 


are available for histologic examination. 


'The demonstration of amyloid in a myocardial biopsy 


specimen is likely to be significant. In our experience 
amyloid is not found in patients with congestive car- 


diomyopathy or ordinary hypertrophy. Numerous re- — 


ports® have stressed that small focal deposits of amyloid 


LX £u. 


occur in old age. Such deposits are usually in the left — 
atrium and are unlikely to be detected by our biopsy — 


technique. 
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Intraarterial sound was measured just distal to the aortic and pulmonary 

valves of 10 subjects with no apparent valve disease. Six patients had 
no audible murmur; four had grade 1 to 2 innocent murmurs. At rest, during 

normal sinus rhythm, the intensity of intraarterial sound was greater above 
the aortic than above the pulmonary valve (0.41 + 0.14 versus 0.02 + 
0.01 ergs/sec per cm? [mean + standard error of the mean|) (P «0.02). | 
In all patients with an audible murmur, the murmur was of greater am-- 
plitude within the aorta than within the pulmonary artery. The two patients 
with a grade 1 murmur had a murmur near the aortic valve and no murmur 

near the pulmonary valve. To examine the effects of increased flow, the 
six patients with inaudible murmurs were studied during the first beat 

immediately after a premature ventricular contraction. The intensity of 
intraarterial sound after premature contractions in these six patients was 

1.41 + 0.38 ergs/sec per cm? above the aortic valve and 0.10 + 0.04 
above the pulmonary valve (P « 0.01). The intensity of murmurs in the 

aorta during postextrasystolic beats was in the range that occurs with 

grade 1 to 2 murmurs, whereas murmurs within the pulmonary artery were 
in the range of inaudible murmurs. Comparable observations were made 

in dogs in which instantaneous flow was also measured. These obser- 

vations suggest that innocent murmurs are produced at the aortic rather. 
than the pulmonary valve, possibly because of the greater compliance 

of the pulmonary artery, which may have a damping effect upon turbu- 

lence. 


Innocent murmurs are generally thought to originate in the pulmonary 
artery and sometimes are termed pulmonary ejection systolic murmurs 
or innocent pulmonary systolic murmurs.! The apparent pulmonary 
origin of innocent murmurs results from their precordial location and 
the demonstration, in intracardiac phonocardiographic studies,?? that 
systolic ejection murmurs originate within the pulmonary artery of most 
normal persons. However, these intracardiac studies were confined to 
the right side of the heart and therefore did not exclude the possibility 
that murmurs heard at the wall of the chest may have originated from 
the aortic valve.* A few intracardiac studies in the left side of the heart 
in normal subjects have demonstrated systolic ejection murmurs within 
the aorta.?9 Also, a specific type of innocent murmur, the “vibratory” 
variety, has been thought to originate near the aortic valve.” 

Studies in our laboratory showed that disturbed blood flow with a 
turbulent energy density about one third of that of patients with aortic 
insufficiency is found in the ascending aorta of patients with a normal 
aortic valve.? Subsequently, studies of turbulent blood flow and ejection 
murmurs!? have shown a linear relation between the intensity of in- 
traarterially recorded murmurs (acoustic power output) and turbulent. 
power production, thus demonstrating a clear association between the 
magnitude of turbulent blood flow and ejection murmurs. Preliminary 
studies in patients!! showed that turbulence is greater in the aorta than 
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TABLE | 
_ Hemodynamic Data in 10 Patients 


— re 


Ls Pressures (mm Hg) Intensity 
. Case Age Cardiac Index Heart Rate Stroke Index of Murmur 
no. (yr) (liters/min per m?) (beats/min) (ml/min per m?) Pulmonary Artery Aorta (grade 1 to 6) 
EC 60 2.1 76 28 38/18 143/80 0 
diio 56 2.1 67 31 21/9 100/80 0 
6.9 58 22 78 28 36/15 145/77 0 
a 4 40 3.2 50 64 33/18 128/78 0 
E. 5 40 e AN 86 36 27/15 115/70 0 

6 48 3.0 67 45 20/10 142/80 0 
ae | 55 2.7 72 37 28/14 183/99 1 

8 38 3.1 84 37 24/13 104/76 1 

9 50 2.8 66 42 13/4 137/82 2 

10 69 2.7 66 41 13/6 115/65 2 


in the pulmonary artery. These findings suggest that 
innocent murmurs may be of aortic origin. This, 
therefore, led us to this study of the site of production 
- of normally occurring murmurs in men. 


E Methods 


Clinical Studies 

= Patients: Ten patients with no clinical evidence of valvular 
heart disease were studied during diagnostic cardiac cathe- 
_ terization performed because of symptoms of angina pectoris. 
Six had no audible murmurs at rest, and four had grade 1 to 
- 9/6 short systolic murmurs heard along the left sternal border. 
- None had a pressure gradient measured across the aortic or 
pulmonary valve and none had ventriculographic evidence of 
mitral regurgitation. All of the patients were shown to have 
Coronary artery disease. The study was approved by appro- 
priate human experimentation committees, and informed 
consent was obtained from each patient. In all patients 
‘sedation was induced with diazepam (Valium?) taken oral- 
ly. 
. Measurements: Pressure and sound in all patients were 
measured simultaneously, first in the aorta, then in the pul- 
‘monary artery with a catheter-tip micromanometer (Millar 
Instruments, Inc.). Sound was measured with the same high 
frequency catheter-tip micromanometer utilized in measuring 


TABLE II 
Intensity of Intraarterial Sound and R-R Intervals 
During Normal Sinus Rhythm in 10 Patients 


Murmur Intensity 


(ergs/sec per cm?) R-R Interval (sec) 


ma Pulmonary Pulmonary 
. Case no. Aorta Artery Aorta Artery 
"Meat 
E 1 0.13 0.00 0.83 0.79 
aes 0.18 0.03 0.70 0.70 
EHS 0.16 0.01 1.04 0.89 
4 0.02 0.02 0.77 0.77 
ES 0.13 0.01 0.95 1.20 
6 0.33 0.02 0.84 0.89 
7 0.32 0.00 0.82 0.88 
8 0.36 0.00 0.76 0.80 
9 0.99 0.04 0.85 0.94 
10 1.45 0.07 0.95 0.96 
Mean ż SE 0.41+0.14 0.02+0.01 0.85+0.03 0.88 * 0.04 
P 0.02 NS 


_ NS = not significant; P = probability; SE = standard error. 
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arterial pressure. A high impedance audio output was con- 
nected to the same transducer. Fluctuations of pressures that 
are productive of sound and frequently referred to as “‘intra- 
arterial sound” were thereby recorded. In patients with no 
audible murmur, sound was measured in both the aorta and 
pulmonary artery at rest during normal sinus rhythm and 
during the augmented flow that accompanies the first beat 
after a ventricular premature contraction. After the mea- 
surement of intraaortic sound, the catheter was withdrawn 
and inserted into the pulmonary artery with the gain levels 
of the sound amplifier unchanged. As in the aorta, pressure 
and sound were measured simultaneously in the region of the 
pulmonary valve during normal sinus rhythm in all patients 
and after a ventricular premature contraction in the six pa- 
tients with no audible murmur. In both the pulmonary artery 
and aorta, care was taken to position the tip of the catheter 
just distal to the respective semilunar valve. To compare in- 
traaortic and intrapulmonary murmurs during comparable 
flow rates, postextrasystolic beats were selected with R-R 
intervals of comparable length. 

Pressure and sound were recorded on an Electronics for 
Medicine photographic recorder (frequency response of the 
recorder, amplifier and filter system uniformly flat to 350 
hertz) at paper speeds of 100 to 200 mm/sec. Sound tracings 
were digitized with an electronic digitizer (Numonics Corp., 
North Wales, Pa.), on line with a Hewlett-Packard 2100-A 
computer. Signals were digitized at intervals of 0.25 mm 
(0.00125 to 0.0025 second). Sound was digitized over the 
period of ejection, as judged by aortic pressure tracings from 
the upstroke of pressure to the dicrotic notch. The sound 
transducer was calibrated in terms of pressure (dynes/cm?). 

The acoustic power output, representative of the sound 
intensity of the intraarterial murmurs along the direction of 
flow through a unit area normal to flow, was calculated 
as!2; 

Acoustic power output _ (Prms)? 
(ergs/sec per cm?) pc 


where Prms = root-mean-square value of the fluctuating 
components of sound pressure (dynes/cm?); c = speed of 
sound in blood (assumed to be 15.3 X 10* cm/sec—the same 
as sea water of 1.025 g/cm? at 25? C; and p = density of blood 
(g/cm?). 


Studies in Dogs 


The location of flow-induced murmurs was investigated in 
six mongrel dogs weighing 18 to 28 kg. They were anesthetized 
with sodium pentobarbital, 25 mg/kg, and studied with the 
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FIGURE 1. Patient 5. Pressure and intraarterial 
sound in a patient with no audible murmur 


during normal sinus rhythm (NSR) (left) and 
during the first beat after a premature ven- 
tricular contraction (post PVC) (right). Aortic 
(Ao) pressure and sound were recorded at 
twice the paper speed as pulmonary arterial 
(PA) pressure and sound. During normal sinus 
rhythm, intraarterial murmurs in the aorta (Ao) 
and pulmonary artery (PA) were 0.13 and 0.01 
ergs/sec per cm?, respectively. After a pre- 
mature ventricular contraction, the murmur in 
the aorta increased to 0.84 whereas that in the 
pulmonary artery increased only to 0.07 
ergs/sec per cm?. ECG - electrocardio- 
gram. 


FIGURE 2. Patient 1. Pressure and in- 
traarterial sound in a patient with no 
audible murmur during normal sinus 
rhythm (NSR) (left) and immediately 
after a premature ventricular contrac- 
tion (post PVC) (right). The gain levels 
of the sound amplifier were identical. 
During normal sinus rhythm, the inten- 
sity of the intraarterial murmurs in the 
aorta and pulmonary artery were 0.13 
and 0.00 ergs/sec per cm?, respec- 
tively. After a ventricular premature 
beat, the intraaortic murmur increased 
to 1.08, whereas that within the pul- 
monary artery increased only to 0.03 
ergs/sec per cm?. ECG = electrocar- 
diogram. 
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chest closed. Two catheter-tip micromanometers (Millar In- 
_ struments, Inc.) were made equisensitive. The tip of one 
. catheter was positioned near the aortic valve; the other was 
_ positioned near the pulmonary valve. A third catheter was 
. positioned in the right ventricle and was used to induce ven- 
_ tricular premature contractions. Sound above the aortic valve 
- was measured simultaneously with sound above the pulmo- 
- nary valve during normal sinus rhythm and during the aug- 
 mented flow associated with the first postextrasystolic beat. 
- Instantaneous flow was also measured during these peri- 
ods. 
_ Instantaneous flow in the ascending aorta was measured 
J. With a Carolina velocity probe (Carolina Medical Electronics, 
King, North Carolina). The mean signal of the probe was 
- calibrated with the cardiac output, measured with the indi- 
- cator-dilution technique. Consequently the signal was made 
_ to represent flow. The calibration required the assumption 
_ that aortic diameter was constant. 
- At the conclusion of each investigation, the dogs were killed 
-and the hearts examined. The hearts of all six dogs appeared 
normal. The semilunar valves had normally thin and pliable 
leaflets. 
P Results 
-Clinical Findings 
— Control hemodynamic measurements in all patients 


are shown in Table I. Even though measurements of 
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sound in the pulmonary artery and aorta were made 
sequentially, the average heart rate during the two 
measurements did not differ significantly. The average 
heart rate was 71 + 5 beats/min during control mea- 
surements of sound in the pulmonary artery and 71 + 
4 beats/min during control measurements in the aorta. 
The intensity of intraarterially recorded ejection mur- 
murs during control measurements in all patients was 
significantly greater in the region of the aortic valve 
than in the region of the pulmonary valve (0.41 + 0.14 
versus 0.02 + 0.1 ergs/sec per cm?) (P «0.02 with paired 
t test) (Table II). 

Even the six patients with inaudible murmurs (Pa- 
tients 1 to 6, Table II) had intraaortic murmurs of 
greater intensity than the intrapulmonary arterial 
murmurs (0.16 + 0.04 versus 0.02 + 0.004 ergs/sec per 
cm’, P «0.02). In these six patients, during the first 
postextrasystolic beats the intensity of intraarterial 
sound in both the aorta and pulmonary artery increased 
in comparison with control values. The R-R intervals 
that preceded the postextrasystolic beats did not differ 
significantly during measurements of sound in the 
pulmonary artery and aorta (Table III). Intraarterially 
recorded flow murmurs during the augmented flow that 
accompanies postextrasystolic beats were of greater 


CHEST PHONO 2RICS 


140 ECG 

o 

a 
í = 
E = 
area SOUND 

a 
f D 
K o 
r o 
4 n 
j a 
P a 
re i CAROTID 
a | | | | | PULSE 
E ECG wu met A = 1SEC = 
1 INTRA-CARDIAC SOUND 
ps CHEST P 
par 2 S HONO 2LICS 
S ECG 
5 PA SOUND 
t 
A PA PRESSUREF-20/9 
SOUND 

AO PRESSUR 135/70 
CAROTID 
PULSE 
> 1 SEC < 








FIGURE 3. Patient 10. Pressure and sound in a patient with an innocent grade 2/6 murmur. The absence of a pressure gradient across the aortic valve 
is demonstrated during pullback of a fluid-filled catheter (upper left). The intracardiac sound tracing (lower left) showed that the intensity of the 
murmur in the region of the aortic valve (AO SOUND) (1.45 ergs/sec per cm*) was 20 times greater than that of the murmur in the region of the 
pulmonary valve (PA SOUND) (0.07 ergs/sec per cm?). Phonocardiograms (PHONO) recorded an ejection systolic murmur at the base of the heart. 
_ It was of greater amplitude at the second left intercostal space (2 LICS) than at the second right intercostal space (2 RICS). ECG = electrocardio- 


gram. 
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intensity in the region of the aortic than of the pulmo- 
nary valve (1.41 + 0.38 versus 0.10 + 0.04 ergs/sec per 
cm? (P «0.01) (Table III, Fig. 1 and 2). 

The four patients with audible innocent murmurs 
(Patients 7 to 10, Table II) had murmurs of greater in- 


“tensity in the aorta than in the pulmonary artery (0.78 


+ 0.27 versus 0.03 + 0.02 ergs/sec per cm?) (Fig. 3 and 
4). Two of these patients (Patients 7 and 8) had no 
murmur within the pulmonary artery (Fig. 5). 


TABLE III 


Intensity of Intraarterial Sound and R-R Intervals During 
Postextrasystolic Beats in Patients With Inaudible Murmurs 





Murmur Intensity 


(ergs/sec per cm?) R-R Interval (sec) 





Pulmonary Pulmonary 
Case no. Aorta Artery Aorta Artery 
1 1.08 0.03 1.16 1.27 
2 1.65 0.07 1.20 1.04 
3 2.15 0.07 1.64 1.42 
4 0.11 0.03 1.20 1.15 
5 0.84 0.07 1.36 1.28 
6 2.63 0.31 0.94 1.30 
Mean + SE 1.41 +0.38 0.10+0.04 41.25* 0.09 1.24 * 0.05 
P 0.01 NS 


NS = not significant; P = probability; SE = standard error. 
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Results of Dog Experiments 


During control periods, the intensity of intraarterial 4 
murmurs in the region of the aortic valve did not differ _ 
significantly from the intensity in the region of the - 
pulmonary valve (0.10 + 0.04 versus 0.03 + 0.01 ergs/sec — 
per cm?) (Fig. 6). After premature ventricular contrac- 
tions, during the first postextrasystolic beat, maximal | 
flow doubled from control levels of 217 + 22 to 451 + 70 — 


TABLE IV 


Intensity of Murmurs and Hemodynamic Findings 
in Dogs During Postextrasystolic Beats 








Murmur Intensity Pressure 
(ergs/sec per cm’) (mm/Hg) 
Maximal Fi 
Dog : Flow Pulmonary Pulmonary . 
no. (ml/sec) Aorta Artery Aorta Artery 
1 448 0.26 0.09 135/76 35/10 
2 403 1.13 0.24 143/78 29/7 
3 640 2.41 0.25 180/102 45/14 
4 202 1.03 0.05 201/110 32/10 
5 365 1.86 0.19 172/122 26/6 
6 647 3.55 0.26 150/88 33/10 
Mean 451 1.71 0.18 164/96 33/10 
HSE +70 +0.48 +0.04 +10/8 +3/1 
P <0.02 





P = probability; SE = standard error. 


CHEST PHONO 2 LICS 


ECG 





PRESSURE 
(MM HG). 
x CAROTID 
T PULSE 
0 »-| 1 SEC — 
ECG — | ~ F 
PA SOUND $s | i 
15 
PA 
PRESSURE 
(MM HG) | 
5 1SEC a . 


AF 


FIGURE 4. Patient 9. intracardiac pressure and sound tracings (left) and phonocardiogram (PHONO) (right). The intensity of the murmur in the - 
region of the aortic (AO) valve (0.99 ergs/sec per cm?) was approximately 25 times greater than the intensity of the murmur in the region of the 
pulmonary (PA) valve (0.04 ergs/sec per cm?). A short systolic murmur was heard and recorded at the second left intercostal space (2 LICS). ECG ` 
= electrocardiogram; LV = left ventricle. ES 
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 ml/sec. With this augmented flow, the intensity of 
~ murmurs in the regions of both the pulmonary and 
- aortic valves increased. The intensity of the murmur 
. near the aortic valve was significantly greater than the 
_ intensity near the pulmonary valve (1.71 + 0.48 versus 
-. 0.18 + 0.04 ergs/sec per cm?) (P «0.02) (Table IV). 
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— FIGURE 5. Patient 8. Sound and pressure recorded in the region of 
- the aortic (AO) and pulmonary (PA) valves in a patient with a grade 1/6 
. innocent murmur. The intensity of the murmur was 0.30 ergs/sec per 
- cm? in the region of the aortic valve. No sound was recorded in the 
_ region of the pulmonary valve. The grade 1/6 murmur heard along the 
.. left sternal border was not recordable. ECG = electrocardiogram. 
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Discussion 


Our observations suggest that innocent murmurs 
originate in the region of the aortic rather than the 
pulmonary valve. During sinus rhythm, intraarterially 
recorded ejection murmurs were of greater amplitude 
near the aortic valve than near the pulmonary valve. 
During states of augmented flow associated with pos- 
textrasystolic beats, murmurs increased in intensity in 
the region of both the aortic and pulmonary valves but 
were of significantly greater intensity near the aortic 
valve. Similar observations were made in dogs in which 
simultaneous measurements of flow and sound were 
made. During postextrasystolic beats in patients, the 
intensity of intraarterial murmurs in the region of the 
aortic valve in all but one patient increased to levels 
previously shown to occur in patients with audible grade 
1 to 2/6 murmurs.! Intraarterial murmurs in the pul- 
monary artery, even during postextrasystolic beats, were 
at levels found in patients with no audible murmurs. 
Finally, two patients with audible innocent murmurs 
showed no sound within the pulmonary artery, thus 
indicating that the murmur heard at the chest wall was 
the murmur recorded in the region of the aortic 
valve. 

Intraarterial versus normal systolic murmurs: 
The intraarterial murmurs recorded in these subjects 
would appear to be normal systolic murmurs. Although 
the patients in our study had coronary artery disease, 
they had no hemodynamic or ventriculographic evi- 
dence of valve disease. Intraarterially recorded mur- 


* The method used in this study for the measurement of sound in- 
tensity, by use of root-mean-square values of fluctuating pressures, 
differs from the method we used previously '° in which the root-mean- 
square value of the Fourier components of sound pressures was ana- 
lyzed. Numerically different values result from the different methods 
of calculation. Identical techniques must be used in order to make 
comparisons. 
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FIGURE 6. Dog 3. Aortic (Ao) and 
pulmonary arterial (PA) pressures 
and sound and aortic flow. During 
sinus rhythm, at a maximal flow of 
290 ml/sec, the intensity of the in- 
traaortic and intrapulmonary mur- 
2.41 murs was 0.06 and 0.05 ergs/sec 

per cm?, respectively. After two 

ventricular premature contractions, 
0$ maximal flow increased to 640 
ml/sec. This increase was accom- 
panied by an increase in intensity of 


digo a: the aortic murmur to 2.41 whereas 
A SUA the pulmonary arterial murmur in- 
creased only to 0.25 ergs/sec per 

640 cm?. i 
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murs were inaudible at rest in 6 of our 10 patients. This 
observation is comparable with the finding of Groom 
et al.,!? using a high sensitivity capacitance pickup in 
a soundproof room, of inaudible systolic murmurs in all 
normal subjects studied; no patient in that study had 
a murmur audible with an ordinary stethoscope. The 
fact that intraarterial murmurs in our patients were of 
greater intensity during post extrasystolic beats is 
comparable with the observation!‘ that systolic mur- 
murs develop during exercise in most normal people 
although such murmurs may not be heard at rest. Bruns 
and Hauwaert!^ showed that thickening of the base of 
the cusps of the aortic valve may produce systolic 
murmurs in patients over 50 years of age who have no 
significant obstruction to outflow. Many of the patients 
in their study were of the age at which such valve 
thickening occurs. However, all of their patients with 
valve thickening had murmurs at rest of grade 2/6 in- 
tensity or greater, whereas eight of the patients in our 
study had no audible murmurs at rest. 

Innocent versus organic aortic murmur: If inno- 
cent murmurs originate in the region of the aortic valve, 
it is necessary to determine why such murmurs are not 
best heard at the same site as organic aortic murmurs. 
The explanation may be related to our previous find- 
ing!? that in the jet distal to a stenotic aortic valve, 
maximal turbulence occurred several diameters away 
from the orifice. This reflects the fact that in the first 
part of a jet, flow is laminar!$; a transition region follows, 
and finally the flow becomes turbulent. Murmurs result 
from the random fluctuations in pressure of turbulent 
flow, and these fluctuations are proportional to the in- 
tensity of turbulence.!? The location on the chest wall 
that overlies the site of maximal turbulence distal to a 
stenotic aortic valve is in the region of the second right 
intercostal space. 
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In contrast to findings in stenotic valves, turbulence : 
distal to normal valves occurs with greatest intensity - 


close to the valve.!? This site corresponds to the site at 


which the critical Reynolds number is exceeded, the site _ 
at which disturbances initiated by normal valve leaflets. 
are maximal, and the site where instability due to inlet — 
effects is most prominent. Turbulence in the region of . 
a normal valve does not result from a jet. Therefore, the — 
effects related to laminar cores of jets do not apply." - 
Because turbulence associated with normal valves oc- - 


curs near the valve, intraarterial pressure fluctuations 


productive of murmurs would also be maximal near the — 


valve.!? The location on the chest wall that corresponds 


to the anatomic location of the aortic valve is in the re- | 
gion of the third or fourth left intercostal space. This _ 
corresponds to the site at which innocent murmurs are ~ 
usually heard.!? Because it approximates the site at . 
which organic pulmonary murmurs are of greatest in- | 
tensity such murmurs have been attributed to the pul- 


monary valve.* 


Turbulence in aorta versus pulmonary artery: . 
Preliminary studies in our laboratory have shown that — 
turbulence in patients without valve disease occurs with | 
greater intensity in the aorta than in the pulmonary - 


artery.!! Consequently, innocent murmurs would be 


expected to have greater intensity in the aorta than in 
the pulmonary artery. The reason that turbulence is - 
greater within the aorta may be related to the more ~ 


compliant walls of the pulmonary artery. Compliant 
surfaces have been shown to have a damping effect upon 


turbulence.!? The diameter of the aortic valve also is — 


somewhat smaller than the diameter of the pulmonary 
valve.2° Therefore, blood velocity would be somewhat 


greater just distal to the aortic valve, as we have ob- - 
served elsewhere.!! The greater velocity would con- - 


tribute to any tendency toward instability of flow.!” 
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cardial specific blood flow (in ml/min per 100 g tissue) was evaluated 
with a xenon- 133 washout technique in 31 patients in a resting nonstressed 
state. Eight patients had normal coronary arteriograms (Group 1), 12 had 
coronary artery disease without collateral vessels (Group 2) and 11 had 
coronary artery disease with collateral vessels (Group 3). Although ni- 
troglycerin caused a similar decrease in mean arterial blood pressure and 
blood pressure-heart rate product in all three groups, the decrease in 
regional myocardial blood flow was significantly less in Group 3 (—8 + 
6 percent [mean + standard error of the mean]) than in Group 1 (—31 + 
5 percent, P <0.05); an intermediary decrease occurred in Group 2 ( —23 
+ 5 percent). Within Group 3, there was a mean increase in regional 
myocardial blood flow after nitroglycerin in the five patients whose col- 
lateral vessels were of a higher angiographic grade and arose from non- 
stenosed coronary arteries, whereas a reduction was observed in the six 
patients with none or only one of these findings (+10 + 7 percent versus 
—23 + 3 percent, P <0.001). This study suggests that even in the resting 
state, in some patients with coronary artery disease enhancement of 
regional myocardial blood flow can occur after sublingual administration 
of nitroglycerin and is probably mediated through well functioning col- 
lateral vessels. It is possible that the drug's effects on both the coronary 
and systemic circulation may relieve angina in some patients with coro- 
nary artery disease. 


Nitroglycerin is the drug most commonly used in the treatment of 
ischemic heart disease. However, the extent to which it relieves anginal 
pain by its effects on the coronary as opposed to the systemic circulation 
is unclear, even though several cardiac catheterization studies!" of 
myocardial blood flow in patients with coronary artery disease have 
addressed themselves to the effects of nitroglycerin. In these studies, 
total or average myocardial blood flow was measured before and after 
sublingual, intravenous or intracoronary administration of nitroglycerin. 
The conflicting data obtained have lent support to the hypothesis that 
the effects of the drug on the coronary circulation are probably of little 
clinical importance compared with its pronounced and consistent effects 
on the systemic circulation.? However, total or average myocardial blood. 
flow values may be misleading in coronary artery disease because the 
disease involves the myocardium and its nutrient vessels in a nonuniform 
manner. 

In this study we tested the hypothesis that sublingually administered 
nitroglycerin can enhance perfusion in regions of the human myocardium 
served by stenosed coronary arteries, with particular attention directed 
toward the role of collateral vessels. T'hese initial investigations involved 
subjects in a resting nonstressed state, and no attempt was made to 
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provoke angina during the study. To evaluate regional 
myocardial perfusion, we used standard xenon-133 
washout techniques modified to measure myocardial 
blood flow in specific areas of the heart.’ 


Methods 


Patient selection: After giving informed consent, 31 pa- 
tients with a history of a chest pain syndrome clinically re- 
sponsive to nitroglycerin were studied with selective injections 
of xenon-133 into the left main coronary artery. Eight of the 
31 patients had normal coronary arteriograms and left ven- 
triculograms and had neither clinical nor angiographic evi- 
dence of primary myocardial or valve disease. The remaining 
23 patients had angiographically demonstrable coronary ar- 
tery disease. Patients with unstable angina or concomitant 
valvular heart disease were excluded. 

Cardiac catheterization procedures: All patients were 
in the fasting state and were premedicated with 50 mg of di- 
phenhydramine and 10 mg of diazepam orally or intramus- 
cularly. Right and left heart catheterization and left cine- 
ventriculograms were performed, as described previously,'” 
with ventricular volumes and ejection fractions calculated 
from standard area-length formulas used in our laboratory.!! 
Selective coronary angiography was performed using the 
femoral approach followed by blood flow measurements using 
xenon-133. All data concerning percent stenosis of coronary 
luminal diameter and the presence and types of collateral 
vessels were determined by consensus of at least two inter- 
preters utilizing multiple views of the coronary arteries and 
without knowledge of the blood flow data. The angiographic 
quality of the collateral vessels after sublingual administration 
of 0.4 mg of nitroglycerin was graded using a modification of 
the scheme reported by Goldstein et al.!^ Grading was as fol- 
lows: grade 1, faint opacification of the distal segment of the 
stenotic vessel with small collateral vessels; grade 2, moderate 
distal opacification with many small collateral vessels; grade 
3, dense opacification of the distal segment with either one 
large or many small collateral vessels; and grade 4, dense 
opacification with two large collateral vessels to the stenotic 
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vessel. The degree of obstruction in the vessel lumen before 
it gave off the collateral vessel was also noted. Thus, a non- 
compromised collateral vessel arose distal to a stenosis of 0 
to less than 75 percent and a compromised collateral vessel 
arose distal to a stenosis of 75 percent or more. 

At least 30 minutes was allowed to elapse between the ad- 
ministration of nitroglycerin for coronary arteriography and 
the first selective injection of xenon. This time period per- 
mitted hemodynamic variables to return to baseline levels in 
each case. 

Measurement of regional myocardial specific blood - 
flow: Fifteen to 30 minutes after coronary arteriography had 
been completed, the patient was placed in the left anterior 
oblique position under the fluoroscopy unit with the center 
and borders of the heart marked on the chest. A catheter was 
placed in the left main coronary artery and its position con- 
firmed by injection of 0.25 ml of contrast material. After the 
catheter was cleared with 1 ml of saline solution, the table with 
the patient on it was moved under an Anger type scintillation 
camera. Heart rate and systemic blood pressures were re- 
corded, and injection of 20 to 25 mCi of xenon-133 in 2 ml of 
saline solution was followed by a 3 ml saline flush. Washout 
was monitored with the scintillation camera for 1 minute after 
the injection of xenon. Data were acquired and processed on 
a PDP 11/20 digital computer.'’ Immediately after the 
baseline study, the patient received 0.4 mg of nitroglycerin 
sublingually and 3 minutes later heart rate and blood pressure 
were again recorded and a second injection of xenon-133 was 
made using the same technique. Washout was again moni- 
tored for 1 minute and the catheter removed from the coro- 
nary artery. 

Regional washout curves were obtained by placing elec- 
tronic cursors over the proximal and distal portions of the left 
anterior descending and left circumflex coronary arteries. The 
position of these vessels was determined from the initial 
frames of the gamma camera image during the arterial phase 
of the study. Washout of xenon-133 was calculated (see later) 
in the distal quadrants overlying the left anterior and left 
circumflex arteries, and regional myocardial specific blood 
flow in each patient was represented by the mean of the two 
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FIGURE 1. Case 22 (Group 3). Functional images before and after sublingual administration of nitroglycerin (NITRO). The increasing intensity of the 
gray to white scale reflects increasing flow rates (not concentration of xenon-133). After nitroglycerin, the underperfused area in the lower (distal) 
region is no longer apparent, thus graphically depicting the increase in regional myocardial specific blood flow noted in Table |. The reduction in 
perfusion in the upper (proximal) region suggests that there has been redistribution of flow after nitroglycerin. On coronary arteriography, this patient 
demonstrated a grade 4 noncompromised collateral vessel supplying a severely stenosed left circumflex artery and arising from the left anterior 


descending artery proximal to a significant lesion. 
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E coronary arteries and prior myocardial infarction as well 
. as greater left ventricular end-diastolic pressure and 
3 Exeducéd ejection fraction compared with patients in 


Group 2 (Table I); however, these differences were not 


. statistically significant when evaluated with chi-square 
. analysis or t test. 


= Effect of nitroglycerin on hemodynamics, re- 

- gional myocardial specific blood flow and coronary 

. vascular resistance: Residual effects from the nitro- 

 glycerin administered for coronary arteriography 

seemed to be minimal because there was a significant 

E hemodynamic response when nitroglycerin was again 

. administered 30 minutes later as part of the myocardial 

_ blood flow studies (Table I). This decrease after nitro- 

- glycerin i in mean systemic arterial pressure and product 

_ of heart rate and systolic blood pressure was computed 

for the three patient groups. Neither reduction was 

_ significantly different among the three groups. Nearly 

pel patients in the study had a decreased blood pres- 
_ sure-heart rate product after nitroglycerin. 

. Although regional myocardial specific blood flow at 

* rest was not significantly greater in the control group 

(Group 1) than in the two groups of patients with cor- 
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- FIGURE 2. Effect of sublingual administration of nitroglycerin (NTG) 
. on regional myocardial specific blood flow (RMBF) in 31 patients. As 
. a group, patients with coronary artery disease (CAD) and angiograph- 
- ically visible collateral vessels had a smaller reduction in regional 
. myocardial blood flow after nitroglycerin (—8 + 7 percent) than either 

patients with coronary artery disease without collateral vessels (—23 
-+ 5 percent) or patients with normal coronary arteriograms (NL COR 
ART) (—31 + 5 percent); the latter difference was statistically significant 
. (P <0.05). Although there was considerable variation in blood flow after 
administration of nitroglycerin within the group with collateral vessels, 
. the most beneficial effect on myocardial perfusion (including the only 
_ three instances of actual increase in regional myocardial blood flow) 
. was observed in the five patients (crosses) with noncompromised 
. collateral vessels of a high angiographic quality. In this subgroup, there 
. was a mean increase of +10 + 7 percent. This increase not only was 
. significantly greater than the response observed in the six other patients 

in Group 3 without these findings (—23 + 3 percent, P <0.001), but also 
. was significantly greater than the response observed in Groups 1 (P 

<0.001) and 2 (P <0.01). 


WEN 


— 876 


NIPRUGLTUENIN AND. HEGIUNAL MYOUCAHDIAL BLOOD FLOW—COHN ET AL. ~ 


onary artery disease, the latter, especially those with 
collateral vessels (Group 3), tended to have lesser flow. 
After nitroglycerin (Fig. 2), a trend was again observed 
toward a smaller reduction in regional myocardial 
specific blood flow in the patients with coronary artery 
disease than in the control patients, and the reduction 
in Group 3 (—8 + 6 percent [mean + standard error of 
the mean]) was significantly less than that observed in 
Group 1 (—31 + 5 percent, P «0.05). Similarly, the in- 
crease in coronary vascular resistance after nitroglycerin 
was greatest in Group 1 and significantly less in Group 
3 (P «0.01); Group 2 again had an intermediary 
value. 

The only three patients in the study who had actual 
increases in regional myocardial specific blood flow 
were part of a subgroup of five patients in Group 3 who 
had both grade 3 to 4 collateral vessels and noncom- 
promised collateral vessels (Cases 21 to 23, 30 and 31). 
This subgroup had a mean increase in regional myo- 
cardial specific blood flow after nitroglycerin (+10 + 7 
percent) whereas the other six patients without either 
of these findings had a reduction in flow (—23 + 3 per- 
cent). This difference was significant (P <0.001) (Fig. 
2) as was the difference in coronary vascular resistance 
between these two subgroups (—17 + 6 percent versus 
18 + 5 percent, P <0.001). 

Nineteen patients in the study had technically ade- 
quate functional images, including two of the five pa- 
tients in Group 3 cited earlier. Both of these patients 
(Cases 21 and 22) had increases in regional myocardial 
specific blood flow after nitroglycerin and their func- 
tional images depicted enhancement of flow in pre- 
viously underperfused areas after nitroglycerin (Fig. 1). 
This was not observed in the functional images of the 
other 17 patients; similarly, none of the 17 patients 
demonstrated increases in regional flow after nitro- 
glycerin. 


Discussion 


Although nitroglycerin is an unquestioned dilator of 
large coronary arteries, its actions in man on the small 
arteries and arterioles that determine vascular resis- 
tance are unclear. Previous studies! have usually not 
shown enhancement of total or average myocardial 
blood flow after sublingual (or intravenous) adminis- 
tration of nitroglycerin in patients with coronary artery 
disease. In these studies, decreased flow was demon- 
strated with a nitrous oxide method,! xenon-133 
washout,” krypton-85 washout? and intravenous infu- 
sion of rubidium-84 with measurement of its uptake.4 
In all of these studies, myocardial blood flow was mea- 
sured at least 3 minutes after sublingual administration 
of nitroglycerin. Ganz and Marcus, using continuous 
thermodilution measurement of coronary sinus blood 
flow, reported a decrease in flow during atrial pacing 1 
minute after intravenous administration of nitroglyc- 
erin. Increases in flow have been demonstrated 1 to 2 
minutes after a bolus injection of rubidium-84,° and 3 
minutes after the onset of atrial pacing, also using a 
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bolus injection of rubidium-84.’ Increases in flow have 
also been reported after intracoronary injection of ni- 
troglycerin.^? At the time of most of these studies, 
methods for measuring blood flow in specific areas of 
human hearts were not available, and no conclusions 
could be made concerning the drug's effects on colla- 
teralized versus noncollateralized regions of myocar- 
dium in patients with coronary artery disease. In animal 
models with well developed collateral circulations, re- 
gional myocardial blood flow has been measured and 
several studies indicate that nitroglycerin enhances flow 
to ischemic areas,!^!6 particularly the subendocar- 
dium.!?-!? The introduction of the scintillation camera 
has since made possible the measurement of regional 
blood flow in man? and our study utilized analogous 
techniques to evaluate regional myocardial perfusion 
3 minutes after sublingual administration of nitro- 
glycerin. 

Nitroglycerin, collateral vessels and regional 
myocardial blood flow: In our study, there was a 
similar reduction in mean arterial pressure and blood 
pressure-heart rate product (an index of myocardial 
oxygen consumption) in all three groups of patients 3 
minutes after sublingual administration of nitroglycerin 
(Table I). Coronary vascular resistance would be ex- 
pected to increase and myocardial blood flow decrease 
in the face of the reduced myocardial oxygen require- 
ments, and this effect was observed in all three groups 
of patients. However, the degree of response differed. 
Patients with evidence of ischemic heart disease af- 
fecting the distal quadrants of the left ventricle but 
without angiographic evidence of collateral vessels 
(Group 2) had a smaller increase in coronary vascular 
resistance and a smaller decrease in regional myocardial 
specific blood flow than control patients (Group 1). 
These differences were not statistically significant and 
whether they represent a real trend (due perhaps to 
nonvisualized collateral vessels) is conjectural. However, 
patients with severe coronary artery disease and col- 
lateral vessels (Group 3) did have a significantly smaller 
increase in coronary vascular resistance and a signifi- 
cantly smaller decrease in regional myocardial specific 
blood flow than control subjects (but not patients with 
coronary disease without collateral vessels). This effect 
was not consistent in all patients with visible collateral 
vessels and this disparity could not be explained by 
clinical or hemodynamic findings (such as significantly 
greater end-diastolic pressure or reduced ejection 
fraction) or by a different degree of reduction in the 
blood pressure-heart rate product. The five patients in 
Group 3 who showed the most favorable response in 
regional myocardral specific blood flow did have col- 
lateral vessels of good quality (by angiographic criteria) 
arising from nonstenosed coronary arteries. The only 
three patients in the study who had actual increases in 
regional myocardial specific blood flow were in this 
subgroup. 

It has been postulated that nitroglycerin enhances 
regional myocardial perfusion by dilating (and lowering 
resistance in) collateral vessels supplying ischemic areas, 


thereby causing a favorable redistribution of flow at the — 
same time that total myocardial blood flow is unaffected — 
or even reduced.!??? Whether this effect is still Dose ! 
when the collateral vessels also arise in ischemic areas - 
has recently been questioned in experimental Eae 
indicating that collateral vessels arising in ischemic - 
areas are less effective than other vessels in improving - 
myocardial perfusion and contractility after adminis- | 
tration of nitroglycerin because they are already dilated — 
throughout their course.!? An analogy might be made - 
to the clinical setting in which collateral vessels arise - 
from coronary arteries that are severely stenosed - 
proximal to the origin of the collateral vessel as opposed | 
to those arising from areas that are normal or minimally . ; 
stenosed. We have termed the latter type of collateral | 
vessel noncompromised. Our limited data suggest that 
even in the resting nonstressed nonanginal state, this | 
type of collateral vessel (especially when it appears to - 
be of good quality in the angiogram) is responsive - 
enough to the actions of nitroglycerin i in some patients | s 
to increase myocardial perfusion in the region it 1 
supplies. Further studies are necessary to determine if 
this effect is even more prevalent when regional myo- - 
cardial specific blood flow is evaluated during atrial 
pacing or other stressful interventions that can induce. 
myocardial ischemia. 

Clinical implications: These initial cardiac cathe- - 
terization laboratory findings suggestive of a potentially | 
beneficial effect of nitroglycerin on the regional coro- - 
nary circulation in some patients with coronary disease — 
and collateral vessels are consistent with the results of - 
other human studies.!??! In the latter, enhancement of — 
myocardial blood flow by nitroglycerin was demon- - 
strated in patients with collateral vessels at the time of. 
coronary bypass surgery either by washout of xenon-133 - 
injected into the myocardium"! or by direct measure- - 
ment of retrograde flow.!? Because intracoronary ni- 
troglycerin has been shown to increase total myocardial | 
blood flow,?? regional perfusion in our patients might 
have been further enhanced if the intracoronary route 
had been used. However, pacing-induced angina was not - 
relieved with intracoronary nitroglycerin? despite in- 
creases in total myocardial blood flow. Because subse- 
quent intravenous injection of nitroglycerin did relieve | 
the angina in that study (while reducing total myocar- 
dial blood flow), it would appear that reduction in 
myocardial oxygen requirements, and hence cardiac 
work (by venous pooling and decreased systemic blood - 
pressure), is the major mechanism by which nitroglyc- 
erin alleviates myocardial ischemia in the clinical set- 
ting. Nonetheless, our results, those of Horwitz et al.*)_ 
and Goldstein et al.!? and the xenon-133 myocardial. 
scintigrams in patients with angina described by Mas- 
eri?? indicate that the drug can also have beneficial ef- 
fects on regional myocardial perfusion. It is doubtful - 
whether this effect alone would be sufficient to relieve. 
angina in most patients with coronary artery disease, 
but it is possible that the action of nitroglycerin on the 
coronary bed may complement its systemic effects—_ 
perhaps in regions where these hemodynamic effects 
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. have set a favorable milieu for improved myocardial 
— perfusion by reducing wall tension and extravascular 
. diastolic resistance.?? 
... Finally, in evaluating the results df this study, the 
F limitation of the xenon washout technique in differen- 
- tiating between subendocardial and subepicardial blood 
- flow must be considered.? However, despite this limi- 
"tation (common to all currently used in vivo tech- 
_ niques), measurement of regional xenon-133 washout 


-~ 1. Gorlin R, Brachfeld N, MacLeod C, et al: Effect of nitroglycerin 

- . on the coronary circulation in patients with coronary artery disease 

M or increased left ventricular work. Circulation 19:705-7 18, 

1959 

`- 2. Bernstein L, Freisinger GC, Lichtlen PR, et al: The effect of ni- 

¢ troglycerin on the systemic circulation in man and dog. Circulation 

ix 33:107-116, 1966 

_ &. Parker JO, West RO, DiGiorgi S: The effect of nitroglycerin on 

i coronary blood flow and the hemodynamic response to exercise 

- — - in coronary artery disease. Am J Cardiol 27:59-65, 1971 - 

ars Bing RJ, Bennish A, Bluemchen G, et al: The determination of 

PN coronary flow equivalent with coincidence counting technique. 

es Circulation 29:833-846, 1964 

....5. Ganz W, Marcus HS: Failure of intracoronary nitroglycerin to al- 

-. .—  leviate pacing-induced angina. Circulation 46:880—889, 1972 

. 6. Cowan C, Duran PVM, Corsini G, et al: The effects of nitroglycerin 

= — on myocardial blood flow in man. Measured by coincidence 

" . counting and bolus injections of 9^rubidium. Am J Cardiol 24: 

Re. 154-160, 1969 

_ 7. Knoebel SB, McHenry PL, Bonner AJ, et al: Myocardial blood flow 

-in coronary artery disease. Effect of right atrial pacing and nitro- 

glycerin. Circulation 47:690—696, 1973 

. 8. Cohn PF, Gorlin R: Physiologic and clinical actions of nitroglycerin. 

-Med Clin North Am 58:407-415, 1974 

....9. Cannon PJ, Sciacca RR, Fowler DL, et al: Measurement of re- 

| gional myocardial blood flow in man: description and critique of 
the method using xenon-133 and a scintillation camera. Am J 

——. Cardiol 36:783-792, 1975 

. 10. Herman MV, Heinle RA, Klein MD, et al: Localized disorders in 

s myocardial contraction. Asynergy and its role in congestive heart 

i failure. N Engl J Med 277:222-232, 1967 

. 11. Cohn PF, Gorlin R, Adams DF, et al: Comparison of biplane and 

` -— . single plane left ventriculograms in patients with coronary artery 

- disease. Am J Cardiol 33:1-6, 1974 

..12. Goldstein RE, Stinson EB, Scherer JL, et al: Intraoperative cor- 

—— . onary collateral function in patients with coronary occlusive dis- 
ease. Nitroglycerin responsiveness and angiographic correlations. 

Circulation 49:298-308, 1974 

13. Holman BL, Adams, DF, Jewitt D, et al: Measuring regional 

' . myocardial blood flow with '°°Xe and the Anger camera. Radiology 

: 112:99-107, 1974 

-.44. Helfant RH, Gorlin R: The coronary collateral circulation. Ann Intern 

^... Med 77:995-997, 1972 

..15. Fam WM, McGregor M: Effect of coronary vasodilator drugs on 

- . retrograde flow in areas of chronic myocardial ischemia. Circ Res 

É 15:355-365, 1964 

. 16. Cohen MV, Downey JM, Sonnenblick EH, et al: The effects of 

nitroglycerin on coronary collaterals and myocardial contractility. 

—— — JClin Invest 52:2836-2847, 1973 

. 17. Mathes P, Rival J: Effect of nitroglycerin on total and regional 


H wen NS. n8. à 40939 Wt. A ...—.*.. 4. — 8 -£ F£APPLREAS BAL urs REN 


with a scintillation camera appears to offer a useful way 
of evaluating regional myocardial perfusion in coronary 
artery disease in the resting state,!3?4-26 during contrast 
agent-induced hyperemia?’:?° and during atrial pac- 
ing.”9° In addition, a preliminary report?! has indicated 
that myocardial blood flow measurements obtained 
with this technique in experimental animals correlate 
closely with those obtained from simultaneous micro- 
sphere techniques. 
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Regional coronary blood flow was determined with the radioactive mi- 


crosphere technique 10 and 70 minutes and 2 1/2 and 5 hours after abrupt 


occlusion of the left anterior descending coronary artery in 12 closed chest 
sedated dogs. In six dogs, nitroglycerin, 200 to 400 ;.g/min, was infused 
intravenously 10 to 70 minutes after occlusion. Methoxamine was ad- 
ministered to return blood pressure and heart rate to prenitroglycerin 
levels. Ten minutes after occlusion (before treatment) collateral flow 
values and ischemic zone endocardial/epicardial flow ratios were 
equivalent in untreated (0.11 + 0.03 ml/min per g; 0.31 + 0.05) and 
treated dogs (0.14 + 0.02 ml/min per g; 0.29 + 0.03). In untreated dogs, 
collateral flow did not change over 5 hours; the endocardial/epicardial 
flow ratio was decreased at 5 hours (0.21 + 0.05, P <0.05). In contrast, 
in treated dogs, collateral flow and the endocardial/epicardial flow ratio 
were increased at 70 minutes (0.27 + 0.04 ml/min per g, P <0.05; 0.53 
+ 0.10, P <0.05). Most importantly, collateral flow remained elevated 
5 hours after occlusion (0.26 + 0.03 ml/min per g, P <0.05) although 
treatment was discontinued 70 minutes after occlusion. Hence, collateral 
flow was unchanged over 5 hours of occlusion in untreated dogs, but 
short-term treatment with nitroglycerin and methoxamine resulted in a 
sustained increase in collateral flow. These findings may be a result of 
stimulation by nitroglycerin and methoxamine of the spontaneous rate 
at which intrinsic collateral function increases after ischemia. Alterna- 
tively, nitroglycerin and methoxamine may maintain cell viability until 
collateral vessels develop spontaneously. 


'The ultimate fate of ischemic myocardium after acute coronary occlusion 


probably depends in large measure upon the rate at which the coronary . 
collateral circulation develops and the magnitude of the resulting col- 


lateral flow. Recent evidence demonstrates that collateral flow increases 
during nitroglycerin infusion after acute coronary occlusion in closed 
chest sedated dogs! and that collateral function is enhanced after in- 
tracoronary administration of nitroglycerin to patients undergoing 
coronary bypass surgery for coronary artery disease.? 
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The purposes of this investigation were (1) to define the collateral flow  . 


patterns in untreated dogs during the first 5 hours after coronary oc- 
clusion, (2) to confirm the previously demonstrated acute increase in 
collateral flow produced by nitroglycerin, and (3) to determine whether 
collateral flow returns to pretreatment levels when the drug is discon- 
tinued or whether the acute increase in collateral flow induced by ni- 
troglycerin promotes a sustained augmentation of collateral flow. The 
effect of nitroglycerin and methoxamine, rather than of nitroglycerin 
alone, was evaluated because previous studies from our laboratory'? have 


shown that such combined therapy, in the absence of left ventricular . 


failure, produces a more pronounced reduction in S- T segment elevation 
than does nitroglycerin alone: 
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— Methods 


Preparation: At an initial operation, 12 dogs weighing 18 
. to 23 kg received general anesthesia, and the heart was ex- 


.. posed through a left thoracotomy. An inflatable cuff was 


. placed around the left anterior descending coronary artery just 
below the first major diagonal branch, an intramyocardial 
electrode was implanted in the area of potential ischemia, a 


-~ pacing wire was attached to the left atrium and a catheter was 
_ inserted in the left atrium. The chest was closed and the ends 


of the wires, cuff and catheter were left in a subcutaneous 


- pouch. One week later, at the time of study, the dogs were 


y 


ea 


sedated with morphine (1.5 mg/kg body weight) and diazepam 
(2 mg/kg initially, plus supplemental doses as required over 
- the 5 hours of study). While the dogs were under local anes- 
thesia, the ends of the cuff, catheter and wires were exposed 
. from their subcutaneous site, and a cannula was inserted in 
a femoral artery. Arterial blood pressure, left atrial pressure 
and the electrocardiogram were continuously monitored. The 
animals were mechanically respired with room air only when 
necessary to maintain arterial oxygen saturation above 90 
percent and pH between 7.35 and 7.45. Heart rate was main- 
tained constant between 80 and 100 beats/min with pacing 
when necessary. Permanent occlusion of the left anterior de- 


- scending coronary artery was accomplished with inflation of 


the balloon cuff. 
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Regional myocardial blood flows: Tracer microspheres 
(15 + 5 uw) labeled with cerium-141, ytterbium-169, stron- 


- ^tium-85 and scandium-46 (3M Company) were injected 
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through the left atrial catheter, one isotope at each of the 
following times after occlusion: 10 minutes, 70 minutes, 2 1/2 
hours and 5 hours. Approximately 1 million spheres per iso- 
. tope injection were administered. For each microsphere in- 
jection, arterial reference sampling was begun approximately 
10 seconds before injection and continued for exactly 3 min- 
utes. Blood was withdrawn from the femoral artery with a 


_ Harvard pump at a rate of 7.6 ml/min. Two 5 ml aliquots of 
- each blood sample were transferred to counting tubes. After 
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the final microsphere injection 5 hours after occlusion, the 
animal received pentobarbital and the heart was excised. 
Maintenance of occlusion over the 5 hours was verified at 
autopsy. Full thickness samples (1 to 2 g) of myocardium were 


; dissected from the left ventricle: four from the normal zone, 


-~ three from the border zone (defined anatomically as the 
myocardium between diagonal branches of the left anterior 


A TABLE! 


_ Myocardial Blood Flow, Heart Rate and Systemic Arterial 


uS 
" 


Pressure Before Treatment (mean - standard error 


of the mean) 


Pretreatment Values (10 Minutes After Occlusion) * 


MBF (ml/min per g) 





HR SAP 
(beats/ (mm Normal Border Ischemic 
min) Hg) Zone Zone Zone 
Untreated 98 104 1.15 0.49 0.11 
group t9 t6 + 0.24 * 0.06 + 0.03 
(no. = 6) 
Treated 86 96 0.88 0.49 0.14 
group t3 t4 * 0.10 + 0.05 . € 0.02 
(no. =6 


* Probability (P) value of differences between the two animal 


groups was not significant for any variable. 
HR = heart rate; MBF = myocardial blood flow; SAP - mean sys- 
temic arterial pressure. 
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descending coronary artery just proximal and distal to the 
occiuder) and four to seven from the ischemic zone. Each 
sample was bisected to divide the epicardium and endocar- 
dium and placed in preweighed counting tubes. 'The radio- 
activity of the myocardial and blood samples was measured 
in à Packard Autogamma Spectrometer (model 5220). Win- 
dows were set over the main photo peaks of each isotope. 
Myocardial blood flow values were determined from the ref- 
erence and myocardial sample counts, using four simultaneous 
equations to correct for overlap. Endocardial, epicardial and 
transmural flow values (in ml/min per g) and endocardial/ 
epicardial flow ratios were determined in normal, border and 
ischemic zone myocardium for each animal. Statistical anal- 
yses (Student's t test for paired data where appropriate) of 
regional flow were performed with each dog contributing one 
sample (no. = 12). Values are reported as mean + standard 
error of the mean. 

Treatment: In six dogs, treatment for 1 hour with nitro- 
glycerin and methoxamine was begun 10 minutes after oc- 
clusion (immediately after the first microsphere injection). 
Nitroglycerin, 200 to 400 ug/min, was administered with a 
constant intravenous infusion. The dose was sufficient to 
produce a 20 percent decrease in mean arterial pressure or a 
25 percent increase in heart rate. Methoxamine was admin- 
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FIGURE 1. Time course of changes in regional myocardial blood flow 
after acute coronary occlusion: effect of nitroglycerin and methoxamine. 
Points show the mean (vertical bars show standard error of the mean) 
blood flow values in six untreated (closed circles) and six treated (open 
circles) dogs. The heavy black bar at bottom indicates the duration 
of treatment. 
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istered intravenously in 0.5 mg bolus injections as needed to 
return pressure and rate to prenitroglycerin values. Treatment 
was discontinued 70 minutes after occlusion (after the second 
microsphere injection). 


Results 


Pretreatment values: Myocardial blood flow and 
hemodynamic measurements were equivalent in the two 
groups of dogs (untreated and treated) in the pre- 
treatment period (Table I). Ten minutes after occlusion 
myocardial blood flow in the untreated group averaged 
1.15 + 0.24 ml/min per g in the normal zone, 0.49 + 0.06 
in the border zone and 0.11 + 0.03 in the ischemic zone. 
Flow values measured 10 minutes after occlusion in the 
treated group were not significantly different from 
values in dogs in the untreated group. Similarly, the two 
groups of dogs did not differ significantly in heart rate 
or systemic arterial pressure. 

Transmural flow values: In untreated animals 
myocardial blood flow in the normal, border and isch- 
emic zones (collateral flow) did not change significantly 
with time (Fig. 1). In dogs treated for 1 hour (10 to 70 
minutes after occlusion) with nitroglycerin and 
methoxamine, normal and border zone flow values did 
not change significantly over the 5 hours. However, flow 
in the ischemic zone of the treated animals was signifi- 
cantly (P «0.05) increased from the 10 minute value 70 
minutes and 2 1/2 and 5 hours after occlusion. Flow 
values at 70 minutes and 2 1/2 and 5 hours did not sig- 
nificantly differ from each other. Hence, although drug 
infusion was discontinued at 70 minutes, collateral flow 
remained elevated 2 1/2 and 5 hours after occlusion. 

The stability of collateral flow in untreated animals 
and the consistent augmentation of flow in treated 
animals are demonstrated in Figure 2, which shows the 
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FIGURE 2. Time course of changes in collateral flow in individual dogs: 
effect of nitroglycerin and methoxamine. The heavy black bar at bottom 
indicates the duration of treatment. 
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temporal changes in collateral flow in the individual 
dogs. In the untreated group, only one of six dogs 


showed a definite increase in collateral flow in the 5 


hours after occlusion. In contrast, only one of six treated 
animals had no substantial increase in collateral flow 
70 minutes after occlusion, and even this animal had 
elevated collateral flow 5 hours after occlusion. 
Differences in collateral flow between the two groups 
were not related to differences in hemodynamic vari- 
ables. Heart rate and systemic arterial pressure were 


similar for the two groups in the 5 hours after occlusion 
(Fig. 3). Heart rate, which was maintained above 80 - 


beats/min by pacing when necessary, did not change 
significantly for either group during the 5 hours. Mean 


systemic arterial pressure was significantly reduced (P 
<0.05) in both groups at 5 hours (from 104 + 6 to 89 + | 
o mm Hg in the untreated animals and from 96 + 4to © 


88 + 4 in the treated animals). 

Epicardial and endocardial flow values: The ni- 
troglycerin-induced increase in transmural collateral 
flow was the result of increases in both epicardial and 
endocardial flow. Temporal changes in epicardial and 
endocardial flow in the ischemic zone of untreated and 
treated animals are shown in Figure 4. Ten minutes 


after occlusion, the respective epicardial flow values in - 


the two groups averaged 21 + 6 and 32 + 8 percent of the 


normal zone epicardial flow. Epicardial flow in the un- — 


treated group did not change during the 5 hours of oc- 
clusion. In the treated group, epicardial flow in the 
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FIGURE 3. Time course of changes in heart rate (upper panel) and 


systemic arterial pressure (lower panel) after acute coronary occlusion. — 


Points show the mean values (vertical bars show standard error of the 
mean) in six untreated (closed circles) and six treated (open circles) 
dogs. The heavy black bar at bottom indicates the duration of treatment 
with nitroglycerin and methoxamine. 
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FIGURE 4. Time course of changes in epicardial (upper panel) and 


-endocardial (middle panel) flows and endocardial/epicardial flow 
J (ENDO/EPI) ratio (lower panel) in the central ischemic zone: effect of 
nitroglycerin and methoxamine. Epicardial and endocardial flow values 


are expressed as percent of the 10 minute normal zone values for 


. epicardial and endocardial flow. Points show the mean values (vertical 


bars show the standard error of the mean) in six untreated (closed 
circles) and six treated (open circles) dogs. The heavy black bar at 


. bottom indicates the duration of treatment. 


- ischemic zone increased to 50 percent of normal flow by 
— 70 minutes after occlusion and was maintained at more 


than 50 percent of normal flow up to 5 hours after oc- 


- clusion. Endocardial flow in the ischemic zone averaged 


5 + 2and 7 + 2 percent of normal zone flow in the un- 


- treated and treated groups, respectively, 10 minutes 


after occlusion. In the untreated group, endocardial flow 
did not change with time. Endocardial flow 5 hours after 
occlusion was less than, but not significantly different 


— from, flow 10 minutes after occlusion. In contrast, the 


treated group had a three-fold increase in endocardial 


— flow at 70 minutes. This increase was maintained at 2 


1/2 and 5 hours. 

Endocardial/epicardial flow ratio in ischemic 
zone: In addition to increasing both epicardial and en- 
docardial flow, treatment with nitroglycerin and 


. methoxamine improved the endocardial/epicardial flow 


ratio in the ischemic zone (Fig. 4). Ten minutes after 
occlusion, endocardial/epicardial ratios in the untreated 
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and treated groups averaged 1.28 + 0.06 and 1.37 + 0.07, 
respectively, in the normal zone, 0.81 + 0.08 and 0.79 + 
0.08 in the border zone and 0.31 + 0.05 and 0.29 + 0.03 
in the ischemic zone. Ratios in the normal and border 
zones did not change with time in either group. In un- 
treated animals, endocardial/epicardial ratios in the 
ischemic zone tended to decrease with time. At 5 hours, 
the ratio was significantly reduced (P <0.05) from the 
10 minute value. Treatment with nitroglycerin and 
methoxamine significantly elevated endocardial/epi- 
cardial ratios in the ischemic zone at 70 minutes (P 
<0.01) and at 2 1/2 hours (P <0.05). At 5 hours, the ratio 
was greater than at 10 minutes, but not significantly so; 
however, the 5 hour endocardial/epicardial ratio was 
significantly greater (P <0.05) in the treated group than 
in the untreated group. 


Discussion 


Until recently, the time course of changes in collateral 
flow, particularly during the first few hours after abrupt 
coronary occlusion, had not been clearly defined. Earlier 
studies utilized a variety of techniques and provided 
conflicting information. Rees and Redding^? reported 
a transient increase in xenon-133 clearance at 1 1/2 to 
2 hours after occlusion in open chest or closed chest 
anesthetized dogs, followed by a decrease in clearance 
over the next 4 hours. However, Haft and Damato® 
found no change in krypton-85 clearance 1 1/2 hours 
after occlusion in either closed chest or open chest dogs. 
Pasyk et al.’ demonstrated an increase in peripheral 
coronary pressure in the first hours after occlusion in 
closed chest conscious dogs, but Bloor and White® found 
that the increase in peripheral coronary pressure was . 
not accompanied by an increase in retrograde flow. 
They suggested that peripheral coronary pressure is not 
a reliable index of collateral flow early after occlusion. 
Smith et al.,? using the microsphere technique in open 
chest anesthetized dogs, found an increase in collateral 
flow 2 hours after occlusion. These disparate results 
could well be attributed to the technique used to mea- 
sure flow, the state of the animals (that is, open chest 
versus closed chest) or the depth of anesthesia. 

Recent studies, including our own, utilizing the mi- 
crosphere technique in closed chest conscious or sedated 
dogs, have demonstrated that collateral flow is essen- 
tially unchanged for the first 6 hours after abrupt cor- 
onary occlusion. Cox et al.!° showed that neither epi- 
cardial nor endocardial flow in the central ischemic zone 
had changed 6 hours after occlusion. Epicardial flow was 
subsequently increased 12, 18 and 24 hours after oc- 
clusion, whereas endocardial flow remained decreased. 
Bishop et al.!! found no change in collateral flow 6 hours 
after occlusion, followed by an increase in flow at 24 and 
96 hours. Again, epicardial flow increased substantially 
between 6 and 24 hours whereas flow to the endocar- 
dium of the central ischemic zone was relatively un- 
changed. Rivas et al.!? also reported no change in col- 
lateral flow between 2 and 6 hours after occlusion but 
a substantial increase at 24 hours. They did document 
an increase in collateral flow 2 hours after occlusion 
from that measured 45 seconds after occlusion. How- 


ever, it is quite unlikely that collateral flow had stabi- 
lized so early after occlusion. 

In our study, collateral flow was measured at more 
frequent intervals during the first 5 hours of acute 
coronary occlusion: at 10 minutes, 70 minutes, 2 1/2 
hours and 5 hours. We found, in agreement with the 
other recent microsphere studies, that transmural col- 
lateral flow was unchanged over 5 hours after acute 
coronary occlusion in untreated dogs. Epicardial flow 
was constant, endocardial flow tended to decrease (but 
not significantly) and the endocardial/epicardial ratio 
was significantly reduced at 5 hours. However, in dogs 
treated with nitroglycerin and methoxamine transmural 
collateral flow was increased significantly. Both epi- 
cardial and endocardial flows increased acutely in re- 
sponse to treatment and the endocardial/epicardial 
ratio was improved. The increase in collateral flow was 
sustained over the 5 hours studied even though treat- 
ment was discontinued at 70 minutes. 

The nitroglycerin-induced changes in collateral flow 
were not related to changes in heart rate or systemic 
arterial pressure, both of which are known to affect 
collateral flow.!?4 Although heart rate increased and 
systemic arterial pressure decreased after administra- 
tion of nitroglycerin, both of these variables returned 
to prenitroglycerin values with administration of 
methoxamine; thus, when collateral flow measurements 
were made, heart rate and arterial pressure had re- 
turned to prenitroglycerin levels. | 
- Border zone flow values did not change significantly 
with time or with treatment with nitroglycerin and 
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methoxamine. This latter finding is probably related 


not to the efficacy of nitroglycerin, but rather to the - 


selection of border zone biopsy sites. Recent studies now 
suggest that the so-called border zone is probably very 
narrow and physiologically unimportant!56 and that 


samples of border zone probably include both normal - 


and ischemic myocardium. This concept would explain 
our observation that the effect of treatment on border 
zone flow appeared to be intermediate between that on 


normal and ischemic tissue; that is, the net result — 


probably reflects the relative amounts of normal and 


ischemic tissue contained in the border zone samples. — 

Clinical implications: Previous studies have dem- - 
onstrated that nitroglycerin acutely increases collateral _ 
flow! and improves the endocardial/epicardial flow ratio _ 


in the ischemic zone!" after coronary occlusion. In this 
study, flow was improved not only during drug admin- 
istration, but also up to 4 hours after discontinuation 


of drug administration. Further studies, at later inter- - d 


vals after occlusion, are necessary to assess the full sig- 
nificance of this finding. However, our data suggest that 


short-term treatment with nitroglycerin and methox- - 


amine might (1) increase the rate at which intrinsic 
collateral function develops after ischemia, or (2) 


maintain cell viability until spontaneous development 


of collateral circulation occurs. 


Acknowledgment 


We are grateful for the valuable technical assistance of Mr. 
Richard McGill and Mr. William Parker. 


References 


1. Smith HJ, Goldstein RA, Kent KM, et al: Reduction of myocardial 
ischemia by nitroglycerin and methoxamine: mechanisms of action 
(abstr). Am J Cardiol 37:174, 1976 

2. Goldstein RE, Stinson EB, Scherer JL, et al: Intraoperative cor- 
onary collateral function in patients with coronary occlusive dis- 
ease. Circulation 49:298-308, 1974 

3. Smith ER, Redwood DR, McCarron WE, et al: Coronary artery 
occlusion in the conscious dog: effects of alterations in arterial 
pressure produced by nitroglycerin, hemorrhage, and alpha-ad- 
renergic agonists on the degree of myocardial ischemia. Circulation 
47:51-57, 1973 

4. Rees JR, Redding VJ: Experimental myocardial infarction by a 
wedge method: early changes in collateral flow. Cardiovasc Res 
2:43-53, 1968 

5. Redding VJ, Rees JR: Early changes in collateral flow following 
coronary artery ligation: the role of the sympathetic nervous sys- 
tem. Cardiovasc Res 3:219-225, 1968 

6. Haft JI, Damato AN: Measurement of collateral blood flow after 
myocardial infarction in the closed-chest dog. Am Heart J 77: 
641—648, 1969 

7. Pasyk S, Bloor CM, Khouri EM, et al: Systemic and coronary ef- 
fects of coronary artery occlusion in the unanesthetized dog. Am 
J Physiol 220:646-654, 1971 

8. Bloor CM, White FC: Functional development of the coronary 
collateral circulation during coronary artery occlusion in the con- 
scious dog. Am J Pathol 67:483-500, 1972 

9. Smith HJ, Singh BN, Norris RM, et al: Changes in myocardial blood 


Bl. A 4177 


flow and ST segment elevation following coronary artery occlusion 
in dogs. Circ Res 36:697-705, 1975 


10. Cox JL, Pass HI, Wechsler AS, et al: Coronary collateral blood 


flow in acute myocardial infarction. J Thorac Cardiovasc Surg 
69:117-125, 1975 

11. Bishop SP, White FC, Bloor CM: Regional myocardial blood flow 
during acute myocardial infarction in the conscious dog. Circ Res 
38:429—438, 1976 


12. Rivas F, Cobb FR, Bache RJ, et al: Relationship between blood . 


flow to ischemic regions and extent of myocardial infarction. Circ 
Res 38:439-447, 1976 

13. Kattus AA, Gregg DE: Some determinants of coronary collateral 
blood flow in the open-chest dog. Circ Res 7:628-642, 1959 

14. Smith HJ, Goldstein RA, Kent KM, et al: Determinants of collateral 
blood flow and ST segment elevation (abstr). Clinical Res 24:421, 
1976 

15. Fischl SL, Sonnenblick EH, Kirk ES: Collateral blood flow in the 
border zone following acute coronary occlusion (abstr). Am J 
Cardiol 35:136, 1975 

16. Marcus ML, Kerber RE, Ehrhardt J, et al: Three dimensional ge- 
ometry of acutely ischemic myocardium. Circulation 52:254—263, 
1975 

17. Chiarello M, Gold HK, Leinbach RC, et al: Comparison between 
the effects of nitroglycerin and nitroprusside on ischemic injury 
during acute myocardial infarction (abstr). Am J Cardiol 37:127, 
1976 


Tha Alem lee £A APRIRE AAV 


afud. An nnn — 


- Ko 
; LA Je RET. 
aM sy ae A 


"ce am 


Y VAN 
wy * ~a = pt 
ee cor E Nn A = 


iC 
xm A. ut^ s 
wala p VE 


"i 
Hia 


A 


Du cme 


" "s. 2 -- < 
BY Tey E N e ee N 


A 


i 
"ww 


Aé — 


. Chronotropic Effect of Acetylstrophanthidin Infusion 


Into the Canine Sinus Nodal Artery 


MICHAEL R. GEER, MD 
GALEN S. WAGNER, MD 
MENASHE WAXMAN, MD 
ANDREW G. WALLACE, MD 


Durham, North Carolina 


From the Division of Cardiology, Department 
of Medicine, Duke University Medical Center, 
Durham, North Carolina. This work was supported 
in part by U.S. Public Health Service Research 
Grants HE 08845 and HE 19949 from the National 
Heart, Lung, and Blood Institute, National Institutes 
of Health, Bethesda, Maryland, and by grants from 
the North Carolina Heart Association, Chapel Hills, 
North Carolina. Manuscript received August 26, 
1976; revised manuscript received October 28, 
1976, accepted November 3, 1976. 

Address for reprints: Galen S. Wagner, MD, Box 
3327, Duke University Medical Center, Durham, 
North Carolina 27710. 


- = ——— 


i —4 MAME AAV 


Studies were performed to determine the chronotropic effect of acetyl- 
strophanthidin during constant infusion through cannulation of the sinus 
nodal artery. Ten mongrel dogs weighing 13.5 to 18 kg were studied under 
sodium thiamylal anesthesia. Epicardial atrial and ventricular electrograms 
were recorded. The sinus nodal artery was cannulated and infused for 20 
minutes at a rate of 2 cc/min with a solution containing acetylstrophan- 
thidin, 0.5 ug/cc. Mean results for the group of 10 animals were deter- 
mined. There was a gradual acceleration of the atrial rate of 45 beats/min 
after 6 to 8 minutes of infusion. The peak atrial rate of 175 beats/min was 
achieved by 10 to 12 minutes. This tachycardia persisted for 2 to 4 minutes 
without atrioventricular block or premature beats. By 12 to 14 minutes, 
there was a gradual slowing of atrial rate followed by bradycardia, sinus 
pauses and atrial arrest. 

Sinus nodal arterial infusion of acetylstrophanthidin produces an initial 
positive chronotropic effect and, if maintained, a depression of atrial rate 
and, terminally, atrial arrest. The gradual time course of development and 
decline of the tachycardia suggests that the “paroxysmal” atrial tachy- 
cardia caused by digitalis excess is the result of enhanced pacemaker 
automaticity rather than reentry, and thus is not truly paroxysmal. 


À common manifestation of digitalis intoxication in man is an accelerated 
atrial rate with a slower ventricular rate due to atrioventricular (A-V) 
nodal block. This arrhythmia has been termed “paroxysmal atrial 
tachycardia with block"; however, it has characteristics that are quite 
distinct from those of the arrhythmia termed “paroxysmal atrial 
tachycardia." The characteristics of the former were clearly demon- 
strated in man by Lown et al.! Subsequently, Goldreyer and Bigger?? 
documented the site and mechanism of the latter paroxysmal atrial 
tachycardia in both man and experimental animals. 

This study was designed to document the rhythms that occur during 
infusion of the rapidly acting digitalis glycoside, acetylstrophanthidin, 
into the canine sinus nodal artery. The characteristics of the ensuing 
arrhythmias are compared with those of “paroxysmal atrial tachycardia 
with block" in man and contrasted with those of paroxysmal atrial 
tachycardia in both man and experimental animals. 


Methods 


Studies were performed in 12 intact mongrel dogs weighing 13.5 to 18 kg. The 
animals were anesthesized with Surital® (thiamylal sodium) and ventilated with 
a Harvard respirator. A thoracotomy was performed in the fourth right inter- 
costal space. The pericardium was opened and the heart was supported in the 
pericardial! sling. The sinus nodal artery was exposed at its origin from the right 
coronary artery and was cannulated with tapered polyethylene tubing (Fig. 1). 
The cannula was connected to an infusion system through which either acetyl- 
strophanthidin or a control solution could be infused by manipulating a metal 


FIGURE 1. Schematic diagram of experimental model. 
After cannulation of the sinus nodal artery (S.N.A.), 
infusion with blood containing diluent is begun. Initiation 
of acetylstrophanthidin (AS) is accomplished by turning 
the stopcock. Infusions are regulated with the Harvard 
infusion pumps. Bipolar electrograms are recorded from 
the region of the sinus node and right ventricle (R.V.). Ao. 
= aorta; I. V.C. = inferior vena cava; L.C.A. = left coro- 
nary artery; L.V. — left ventricle; R.A. — right atrium; 
R.C.A. — right coronary artery; S.V.C. — superior vena 
cava. 


stopcock. Powdered acetylstrophanthidin* was dissolved in 
ethanol and added to a container of the animal's freshly drawn 
and heparinized arterial blood to achieve a concentration of 
0.5 ug/cc. Arterial blood with the ethanol diluent alone was 
used for the control infusion. 

Bipolar recording electrodes were sutured to the surfaces 
of the right atrium and right ventricle. The body surface 
electrocardiogram was monitored with limb leads. The signals 
were amplified with Sanborn 350 series amplifiers and re- 
corded on a direct-writing oscillograph. Frequencies below 80 
cycles/sec and above 1,000 cycles/sec were filtered to sharpen 
the desired signals. 

Protocol: After the sinus nodal arterial cannula was sta- 
bilized, a control solution was infused at a constant rate of 2 
cc/min for 3 minutes. At this time, a stopcock was turned to 
initiate the infusion of acetylstrophanthidin. The infusion was 
then continued in 10 of the studies at a rate of 2 cc/min for 20 
minutes. In one additional study, reinfusion of the control 
solution was begun after 10 minutes of acetylstrophanthidin 
infusion. In another study infusion of the control solution was 
continued for 20 minutes with no transition to the solution 
containing acetylstrophanthidin. Atrial and ventricular 
electrograms and body surface electrocardiograms were re- 


* Supplied by the Eli Lilly Co., Indianapolis, Indiana. 


TABLE I 
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SVC 
Sinus Node 
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corded at a paper speed of 25 mm/sec throughout the 
study. 


Results 


Heart rate (Table I): Stable initial conditions were 
obtained by constant infusion of the control solution for 
3 minutes. A mean decrease in heart rate of 10 beats/ 
min was observed immediately after start of the infu- 
sion. In eight studies, no further rate change was ob- 
served until approximately 6 minutes after the transi- 
tion to infusion of the solution containing acetylstro- 
phanthidin. However, in three studies, decreases of 20, 
25 and 30 beats/min were observed during this period. 
In 9 of the 10 studies there was a gradual increase in 
atrial rate between the 6th and 8th minutes of infusion. 
At the 12th to 13th minutes of infusion there was a rapid 
decrease in heart rate with resultant bradycardia or 
sinus arrest. 

Figure 2 shows the results of acetylstrophanthidin 
infusion in a dog with a control atrial rate of 125 beats/ 
min (Study 2). An initial gradual slowing of 15 beats/ 
min was seen after start of the control infusion was 
begun. There was no significant further change in atrial 


Results in 10 Studies After Infusion of Acetylstrophanthidin for 20 Minutes* 


1 2 3 4 

Before infusion 152 125 150 116 
Control (with blank) * E 116 150 110 
Initial low rate 120 116 115 110 
Time to acceleration 12 7 8 6 

(min) 
High rate 167 177 177 188 
Time to deceleration 19 10 15 10 

(min) 


Study 

5 6 7 8 9 10 Mean 
150 150 144 136 136 150 141 
140 136 115 125 133 136 129 
115 115 115 130 132 136 120 
o 9 4 8 4 8 7 
AUR 170 188 136 188 167 173 

8 20 11 12 9 12 13 


* Each column contains the control, blank and lowest and highest atrial rates during acetylstrophanthidin infusion in beats/min. Number of 
minutes until acceleration and deceleration for each study is shown. No blank infusion was performed in Study 1. 
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rate until 6 1/2 minutes of infusion, when a gradual ac- 
celeration at a rate of 19 beats/min began. This accel- 


- eration continued for 2 1/2 minutes, when a maximal 
- rate of 176 beats/min was attained. With continued 


— administration of acetylstrophanthidin, there was a 


rapid deceleration in rate after 11 minutes. At this time 
the heart rate was 80 beats/min with frequent pauses; 


- atrial activity followed ventricular activation. Contin- 
. ued infusion resulted in no significant change. 


Atrial electrogram morphology: In atrial and 
ventricular electrograms recorded during Study 2, the 
configuration of the atrial electrogram altered during 


rate acceleration (Fig. 3) and reverted to the original 


configuration after deceleration. Similar changes in 


appearance of the atrial electrogram were seen in ap- 


— proximately half of the studies. In the remaining studies 
— the configuration of the atrial electrogram remained 


constant throughout the study. No premature beats 


— initiated episodes of tachycardia in any of the studies. 


— Junctional escape beats were observed during periods 


of sinus arrest. Sinus pauses were always less than 2 

seconds in duration. A-V block was never observed 

during the periods of sinus nodal arterial infusion. 
Summary of studies (Table I): A significant in- 


— crease in heart rate occurred in all but Studies 5 and 8 


of the ten 20 minute infusion studies. The initial re- 
sponse to infusion of acetylstrophanthidin in Study 5 
was a 25 beat/min decrease in heart rate. After 8 min- 


. utes of infusion all pacemaker activity was lost. In Study 
- 8 the heart rate did not change significantly until 12 


minutes after the onset of infusion, when all pacemaker 


.. activity was lost. 


In an additional study (not shown in Table I) ad- 
ministration of acetylstrophanthidin was continued 
only until tachycardia was produced (Fig. 4). After 5 1/2 
minutes of infusion there was gradual acceleration in 
heart rate that continued until a total infusion time of 
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FIGURE 2. Study 2. Graphic representation of 20 minutes 
of acetylstrophanthidin (AS) infusion. After 4 minutes of 
blank infusion, infusion of acetylstrophanthidin is started 
and continued through 20 minutes. Although the basic 
heart rate between 15 to 24 minutes was 80 beats/min, 
there were frequent pauses due to periods of sinus ar- 
rest. 


10 minutes. At this time, administration of acetylstro- 
phanthidin was discontinued and a gradual slowing in 
rate was observed. The configuration of the atrial 
electrogram changed during acceleration but reverted 
to normal shortly after the start of reperfusion with the 
control solution. 

One additional study was performed to determine if 
chronotropic effects would occur during prolonged 
infusion of the control solution. After initial slowing, the 
heart rate remained stable throughout the course of a 
20 minute infusion. 


Discussion 


Effects of digitalis on sinus nodal and atrial tis- 
sue: These effects—variable, complex and a function 
of many underlying factors—may be a result of either 
indirect or direct actions of the drug. Indirect effects 
have been shown to be mediated through increased 
vagal tone.^ However, recent evidence has revealed a 
more complex autonomic influence that includes an- 
tiadrenergic effects?" similar to those described by 
Méndez et al. on the A-V node. No evidence for a direct 
effect on sinus nodal cells has been demonstrated. Ten 
Eick and Hoffman? showed no significant direct 
chronotropic effect in isolated right atrial preparations 
or in various animal models after sympathetic and 
parasympathetic blockade. However, they did describe 
a slight rate increase at “near toxic levels" in the in situ 
preparations. This possibly represented a response to 
circulating catecholamines because adrenalectomy was 
not performed. | 

Cardiac slowing in response to digitalis has been an 
accepted phenomenon since Withering first observed 
it in 1785. As early as 1897, Cushny!? demonstrated 
marked slowing as the predominant effect of intrave- 
nous digitalis infusion in dogs. This effect was elimi- - 
nated by vagotomy or administration of atropine. James 





and Nadeau!! described the chronotropic effects of 
infusion of digitalis (acetylstrophanthidin, digoxin and 
lanatoside C) into the sinoatrial nodal artery of dogs. 
Bradycardia was observed most commonly. However, 
this was frequently followed by tachycardia and, in some 
animals, tachycardia alone was observed. The brady- 
cardia was reversed with infusion of normal saline so- 
lution or epinephrine but was altered or prevented by 
administration of atropine, bilateral cervical vagotomy 
or infusion of potassium chloride. 

Positive chronotropic effect on sinus node: A 
positive chronotropic effect on ventricular specialized 
tissue after infusion of digitalis has generally been ac- 
cepted.!?-!4 However, few studies have documented a 
positive chronotropic effect on the sinus node. Ten Eick 
and Hoffman!» observed a slight acceleration in sinus 
rate in a rabbit preparation after administration of 
ouabain and exposure to blocking concentrations of 
atropine and either propranolol or sotalol. Lown et al.!6 
described sinus tachycardia secondary to digitalis in 
dogs receiving acetylstrophanthidin intravenously. The 
development of this tachycardia was enhanced by in- 
duction of hypokalemia by administration of insulin and 
glucose. Hashimoto et al.!” described tachycardia in 
sinoatrial nodal preparations perfused by ouabain- 
treated donor dogs. The response was absent in adre- 
nalectomized donor dogs. Furthermore, Lown et al.! 
showed a gradual acceleration in atrial rate and change 
in P wave contour in *overdigitalized" patients after 
intravenous administration of acetylstrophanthidin. 

Several possible mechanisms for this positive 
chronotropic response have been suggested. Release of 
endogenous catecholamines by digitalis has been ad- 
vanced!*-!? as a possible cause of this increased sinus 
activity. Gillis?? has shown that there can be an increase 
in preganglionic sympathetic tone after administration 
of ouabain in cats. The study by Lown et al.!9 implicates 
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FIGURE 4. Graphic representation of a study in which 
acetylstrophanthidin (AS) infusion was terminated during 130 
the tachycardia. A resultant gradual return toward the 

control rate is seen. 
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a change in the intracellular to extracellular potassium 
relation. 


It is possible that the arrhythmias observed in our 


study might be either “sinus tachycardia” or “atrial 
tachycardia.” The atrial electrographic changes ob- 
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FIGURE 3. Study 4. Right (R.) atrial and ventricular electrograms re- 43 


corded during the study. The top tracing on each record is the atrial 
electrogram and the bottom tracing is the ventricular electrogram. A, 


the control rate during a 3 minute blank infusion. B, the acceleration 


in rate observed 6 to 8 minutes after the start of the acetylstrophanthidin 
(AS) infusion. With continued infusion (C) the atrial rate reaches a 


plateau at 188 beats/min, before entering a phase of abrupt deceler- - | 


ation with sinus pauses (D). 
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served in half of these studies could be due either to a 
changed site of the dominant pacemaker or to a changed 


_ pathway of conduction through the right atrium. 


— Therefore, these data do not permit differentiation 


between sinus nodal and atrial sites of origin of the 


. tachyarrhythmia. 


Y 


^ 


Acetylstrophanthidin was selected as the digitalis 


glycoside used in our study because of its rapid onset of 


- action and brief duration of effect. The method used 
. was similar to that of James and Nadeau!!*! except for 
- the exclusion of autoinfusion of the sinus node. It was 


ot 


designed to minimize interruption time and associated 


pressure changes in an effort to dimish the direct neg- 


. ative chronotropic effect of initiation of infusion.2?-?4 
. Thus, continuous infusion replaced the series of injec- 
- tions performed by James and Nadeau. Anesthesia with 

Surital has known atropine-like effects.2° However, 


preinfusion control heart rates ranging from 125 to 152 


; - (mean 143) beats/min are in the expected range for open 
. chest dogs. ; 


Clinical implications: A common clinical manifes- 


- tation of digitalis intoxication is termed “paroxysmal 


atrial tachycardia with block.”! The characteristics of 


- this arrhythmia are quite different from those of the 

paroxysmal atrial tachycardia generally seen in younger 
- patients.2??6 Among the basic characteristics are (1) 
- gradual onset, (2) rate of 150 to 220 beats/min, (3) iso- 


electric baseline between P waves, (4) gradual and se- 


- quential slowing after discontinuation of digitalis with 


or without administration of potassium salts,?? and (5) 


^ various degrees of A-V block. The atrial tachyarrhyth- 


mia observed in this study demonstrated the first four 


p of these characteristics. A-V block would not have been 
- expected because this area was not perfused with 


acetylstrophanthidin. 
In a small percentage of patients with paroxysmal 


. atrial tachycardia with block, the disorder is not asso- 


r "^ 2» 


ciated with digitalis. Indeed, the arrhythmias that would 
result from either sinus nodal or “high” A-V nodal 
reentry could appear identical to those produced by 
digitalis; however, these would be expected to initiate 
and terminate abruptly. Vassaux and Lown?? have 
shown that these tachyarrhythmias readily terminate 
with cardioversion. However, for the digitalis toxic ar- 
rhythmia, the electrical discharge proves both ineffec- 
tive and potentially hazardous because it provokes atrial 
and His-Purkinje acceleration and ventricular ectopic 
beats. The adrenergic influence of digitalis in these areas 
is additive to the excitation of intracardiac adrenergic 
nerves by the direct current shock.?? 

As a result of the observations described, Lown et al.! 
hypothesized that the mechanism of “paroxysmal atrial 
tachycardia with block" was an accelerated ectopic 
pacemaker originating in the cephalic region of the 
atrium. It is unfortunate that the phrase “paroxysmal 
atrial tachycardia,” and particularly the word “parox- 
ysmal,” was used for this arrhythmia because the ob- 
served characteristics are not consistent with those 
Goldreyer and Bigger? observed in “paroxysmal atrial 
tachycardia.” The latter included (1) initiation by 
premature atrial depolarizations, and (2) oscillation 
around the eventual cycle length before a stable rate is 
maintained. The manifestation of digitalis infusion in 
our study is a nonparoxysmal tachyarrhythmia of pos- 
sible sinus or possible atrial origin. Its appearance in 
systemically digitalized patients is accompanied by A-V 
block as a result of parasympathetic and antiadrenergic 
effects at the A-V node.® An appropriately descriptive 
designation would be nonparoxysmal atrial tachycardia 
with block. 
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Computerized axial tomography of the brain is a revolutionary noninvasive 
technique that has provided remarkable resolution of intracerebral 
structures. This study was undertaken to determine the potential of 
computerized tomography for defining the anatomy of 40 arrested and 
9 beating (ejecting left heart preparation) canine hearts. Using an EMI 
cranial unit, scanning was performed in hearts under in vitro conditions 
with a láctated Ringer's interface. The tomographic scans obtained were 
later compared with comparable 8 mm thick sections of the heart. At 
physiologic levels of hematocrit (range 36 to 45 percent) external 
structures were well defined, but because of the lack of a differential 
between cavitary ànd myocardial densities, it was not possible to dis- 
tinguish intracardiac structures. With very small amounts: of iodinated 
contrast material (remotely administered in the case of the beating hearts) 
or with anemia (hematocrit less than 33 percent), the right and left ven- 
tricular cavities became clearly visible in'both horizontal arid longitudinal 
torhographic scans. It was possible to distinguish readily the boundaries 
of the ventricular and atrial cavities, the papillary muscles, the major 
trabeculae and the aorta. Rhythmic motion of the béating heart, suspended 
in its pericardium, did not eliminate structural definition. Thus, comput- 
etized tomography provides a new approach to the definition of cardiac 
structure with a relatively high degree of resolution. These observations 
point to the potential usefulness of this nonihvasive technique for the 
evaluation of both cardiac function and ventricular wall abnormalities. 


Recently, computerized tomography has provided a unique noninvasive 
means of neurologic diagnosis that has replaced other more tedious and 
hazardous procedures.';* Computerized tomography permits the accu- 
rate localization of normal and abnormal structures within the brain? 
To achieve a tomographic scan of the brain, a thin X-ray beam is re- 
peatedly passed through the head in an arc of 180°. A computer then 
processes the X-ray data obtained from each angle and, by solving si- 
multaneous equations, reconstructs a tomographic image based on dif- 
ferential density. Such scanning can detect small differences in tissue 
density!-8; the limits of density that can be detected have been de- 
fined.*-6 Further definition of intracerebral structures can be obtained 
by the peripheral administration of small amounts of iodinated contrast 
material in amounts equivalent to those administered to patients during 
an intravenous pyelogram. 

Ledley et al.’ obtained in patients transthoracic computerized to- 
mographic scans that delineated mediastinal structures, including the 
heart. To date, these investigators have not défined anatomic detail 
within the heart. However, Alfidi et al.? successfully demonstrated a large 
pericardial effusion with computerized tomographic scanning. Recently, 
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Johnson et al.,?:!? using an experimental gated* tomo- 
graphic device with multiple X-ray sources, were able 
to demonstrate internal cardiac structures with the use 
of contrast material. 

These results indicate the potential usefulness of 
computerized tomography in cardiac diagnosis. The 
present studies were carried out under in vitro condi- 
tions using a conventional cranial scanner to determine 
whether cardiac structures could be visualized with this 
technique. A preliminary report of the data has been 
presented.!! 


Methods 


Equipment: All computerized tomographic scans were 
performed with an EMI cranial scanning unit (EMI Ltd., 
Haynes, Middlesex, England). The scanning unit consists of 
a gantry with a collimated X-ray tube aligned to sodium iodide 
crystal photomultiplier detectors. The X-ray tube and de- 
tectors traverse the object being scanned, each detector re- 
cording 240 transmission readings that it stores in a computer. 
The entire gantry then rotates 1? and the X-ray tube repeats 
its traversal. This process is repeated until the gantry has 
completed a 180? rotation. The X-ray absorption information 
is therefore composed of recordings of 240 readings taken from 
180 different angles for a total of 43,200 readings. A computer 
processes the X-ray data obtained from each angle and re- 
constructs an image on a 160 by 160 matrix. Each point in the 
matrix represents a block of tissue 1.5 by 1.5 by 6 mm and is 
projected with a variable gray scale so that black corresponds 
to low density and white to high density. 

A distensible fluid-filled rubber dam in the scanning unit 
allowed a firm but flexible coupling to a plastic boot-shaped 
container that was designed to hold the isolated heart prep- 
aration for scanning (Fig. 1). A wooden rack supporting the 
heart was fastened in the toe of the boot, and the container was 
filled with lactated Ringer’s solution (McGaw Labs, Glendale, 


* Gating refers to synchronization of the scan to a specific time of 
the cardiac cycle. 







FIGURE 1. The heart is suspended in its pericar- 
dium to the posts of a wooden apparatus (lower 
left), which is then bolted into a boot-shaped 
Plexiglas® container (upper left). The toe of this 
boot-shaped container (containing the heart) is C 
inserted into the computerized tomographic 
scanner head receptacle. In ejecting left heart 
preparations, the tubing transporting blood to and 
from the supporting circulatory system (right side) 
is led out of the open top of the container. See text 
for details. ! 
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California) so that the entire heart was surrounded with liquid. 
Thus, air in the path of the X-ray beam was eliminated. This 
is a requirement of the EMI cranial units but not of the very 
recently developed body scanning units. 


Procedure: Forty-nine mongrel dogs of either sex weighing — 


18 to 22 kg were anesthetized with intravenously administered 


sodium pentobarbital (30 mg/kg body weight) and intubated; — 


respiration was maintained with use of a mixture of 97 percent 
oxygen and 3 percent carbon dioxide and a Harvard respirator. 


Each dog received 6,000 units of intravenously administered — 


heparin. Both arrested and ejecting left heart preparations 
were scanned. 
Forty arrested hearts were prepared in the following 


manner: After thoracotomy, the great vessels including the 


pulmonary arteries and veins were ligated and the heart with 
its surrounding pericardium was removed from the chest. The 
pericardium was tied to four posts of a wooden rack (Fig. 1). 
Thus, the pericardium formed a sling for suspension of the 
arrested heart. 

In the case of the nine ejecting hearts, after thoracotomy 
and before removal of the heart from the chest of each dog, 
Tygon polyethylene tubing (inner diameter 0.4375 inch [1.11 


cm]) was placed in the left atrial appendage and secured with - 


a pursestring suture. The tip of a Versi (no. 16F) catheter 
(National Catheter Corporation, Argyle, New York) was 
placed in the right ventricle through the right atrial append- 


age. The tip of a Versi (no. 20F) catheter was placed into the — 


ascending aorta through the left subclavian artery. With 
partial occlusion of the left subclavian artery catheter, the 
proximal portion of the descending aorta was cross-clamped 
and a wide bore Tygon polyethylene tubing (inner diameter 
0.4375 inch), which was connected to the aortic overflow col- 
umn (Fig. 1), was inserted into the proximal aorta. Virtually 
simultaneously, the aortic overflow tubing was unclamped, 
the left subclavian artery tubing clamped and the venous re- 
turn tubing from the left atrial reservoir opened to permit 
completion of the ejecting left heart preparation. Opening the 
right ventricular drainage catheter allowed drainage of the 
coronary flow. The height of the left atrial return reservoir 
determined the left-sided filling pressure. The height of the 
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. FIGURE 2. Tomographic scan of a beating heart with a hematocrit of 

36 percent. Note the definition of the outer border of the heart. At normal 
. levels of hematocrit the cavities are vaguely, if at all, distinguish- 
. able. 


_ aortic overflow column determined the systemic blood pres- 
— sure. The aortic overflow and the coronary venous drainage 


- were oxygenated with a Bentley Temptrol oxygenator that was’ 


. maintained at 38? C with a water bath, and the blood from the 
. oxygenator was pumped to the left atrial return reservoir. The 
- ejecting heart was then suspended in a pericardial sling in the 
wooden rack and placed in the toe of the boot-shaped con- 

-. tainer for scanning. 
In one arrested heart and two beating hearts, the hematocrit 
was deliberately reduced to 9, 27 and 33 percent, respectively, 
_ by dilution of the blood with plasma. This procedure per- 
mitted scan data to be obtained under conditions of ane- 

. mia. 

In the arrested hearts, contrast definition of the chambers 
was obtained by direct intracavitary injection of 30 percent 
JA meglumine diatrizoate (Reno-M-Dip®, Squibb Laboratories) 
through a 20 gauge needle. This agent contains iodine, 143 
mg/ml solution. Between 0.4 to 1.2 ml of this iodinated con- 
. trast material was injected to achieve a dilution in blood of 
-. 1:100, a ratio comparable with that achieved with the usual 
doses used in intravenous pyelography. After injection, the 
- heart on the rack was agitated to permit thorough intracavi- 
tary mixing of the contrast agent. In three beating heart 
- preparations, after initial scans were obtained, meglumine 
diatrizoate was added to the aortic overflow column to achieve 





a similar concentration. This resulted in contrast definition 
of the ventricular cavities. 

Three arrested hearts were suspended in the wooden rack 
in a vertical position with the septum perpendicular to the 
plane of each tomographic scan. In these hearts iodinated 
contrast material was added to the right and left chambers as 
described. 

After the scan of each heart, the hearts were sliced into 
sections, 8 mm thick, approximately corresponding to the 
planes of the tomographic scans. In each instance, the ana- 
tomic specimen of each section of the heart was compared with 
the corresponding scan to verify structural identification. 


Results 


Hearts with normal hematocrit and with anemia: 
Scanning of six of seven beating hearts in which the hemato- 
crit was 36 percent or more, and in which no iodinated contrast 
material had been injected, revealed the external border of 
the heart but not the cavities or internal structures (Fig. 2). 
In only one heart with a physiologic level of hematocrit (40 
percent) was the left ventricular cavity faintly visible. When 
the hematocrit was decreased to 9, 27 and 33 percent, re- 
spectively, in one arrested and two beating hearts, the cavities 
in which the hematocrit had been reduced became visible. 
Figure 3 depicts a scan of an arrested heart in which the he- 
matocrit in the left ventricular cavity had been reduced to 9 
percent. Comparison with the corresponding section of the 
heart reveals that, with anemia, the left ventricular cavity 
became visible and it is possible to discern the posterior pa- 
pillary muscle at the lower border of the cavity. Often in ar- 
rested hearts with a normal intracavitary hematocrit, the red 
blood cells settled with time because of gravity and the up- 
permost portions of the cavities became visible but not the 
dependent portions. 

Hearts with addition of iodinated contrast material: 
Figure 4 demonstrates a scan of another heart obtained after 
the injection of meglumine diatrizoate into the left ventricular 
cavity. Comparison with the corresponding heart specimen 
shows that the borders of the left ventricular cavity can be 
delineated in the scan. Addition of the iodinated contrast 
agent in small concentration consistently permitted identi- 
fication of ventricular cavities and definition of intracavitary 
structures. 

Serial tomographic scans from base to apex were obtained 
in 37 arrested hearts after injection of meglumine diatrizoate 
into the left and right ventricular chambers. In the top row of 
scans in Figure 5, the area of increased density seen at the 
upper right of each scan represents first the left atrium and 
subsequently the left ventricle. The area of increased density 


FIGURE 3. Tomographic scan (left) 

of an arrested heart with a hemat- 
ocrit of only 9 percent in the left 
ventricle and corresponding section 
of the heart (right). The anterior and 
posterior papillary muscles protrude 
into the left ventricular cavity from 
the right and from below the cavity, 
respectively. The band of increased 
density that surrounds the scan 
represents adhesive tape fixing the 
heart to the horizontal pegs sup- 
porting the heart. 
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seen at the left of each scan represents the right ventricular 
cavity. In the top right and lower left scans the anterior pa- 
pillary muscle can be seen protruding into the left ventricular 
cavity from the top. In the scan at the lower left, the posterior 
papillary muscle can be seen protruding into the ventricular 
cavity from the lower right of the scan. In the scan at the upper 
right it is possible to see a trabecula protruding into the right 
ventricular cavity from the septum. The thickness of the walls 
of the right and left ventricle are relatively well defined in each 


FIGURE 4. Tomographic scan of arrested 
heart with blood diluted with iodinated 
contrast material in the left ventricular 
cavity, oriented so that the observer is 
looking from the base toward the apex of 
the heart (left). The structural definition of 
the left ventricular cavity corresponds to 
that seen in the specimen of the heart 
(right). The small area of increased density 
on the left of the scan represents tubing in 
the right ventricular cavity. 


FIGURE 5. Serial scans obtained in 
a heart after injection of meglumine 
diatrizoate into each ventricular 
cavity. Each scan is oriented so that 
the observer is looking from the 
apex toward the base of the heart. 
Note the structural definition. See 
text for details. Ao — aorta; LA — 
left atrium; LV = left ventricle; RV 
— right ventricle. 


FIGURE 6. Transverse computerized tomographic scan 
of the base of the heart (left) and corresponding anatomic 
section (right). In the scan the various structures can be 
clearly identified with low concentrations of iodinated 
contrast material. Ao = aorta; LA = left atrium; RA = 
right atrium; RV — right ventricle. 





of the tomographic sections. Similarly, the cross-sectional area - 
of the ventricular cavities can be visually appreciated in each 
tomographic scan. The scan at the upper left of Figure 5 is 
from the base of the heart and shows, in addition to the left 
atrium and right ventricle, the aortic root in the center of the 
scan. 

In Figure 6, which shows a scan from another heart, one can 
readily appreciate the right atrium with its appendage, the 
right ventricle, aorta and left atrium. In all hearts that were 
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FIGURE 7. Longitudinal computerized tomographic scan of heart with iodinated contrast material injected into the cavities (left), showing the left 
(LV) and right (RV) ventricular cavities with the atria (LA and RA) surmounting each ventricular cavity. The large arrow points to the papillary muscle 
in the left ventricle. The smaller arrow is in the left ventricle below the aortic valve. A longitudinal section of the same heart (center) shows the 
position of the mitral valve to the left of the subaortic region. The full extent of the right atrium was not included in this section of the heart. Note 
_ the long, thin papillary muscle protruding into the right ventricular cavity. The photograph of the scan on the right, from a level 8 mm deeper than 
. the scan on the left, was obtained after adjusting the viewing unit's window levels. The long, thin papillary muscle (white arrow) protruding into 
- the right ventricular cavity can be seen in this section. The black arrow points to the region of the base of aortic leaflet of the mitral valve. The 
exposure of the scan on the right demonstrates that fine structures can be detected by altering the range of detectable absorption coefficients. 


- scanned at the base it was similarly possible to define the 


relative positions and morphologic features of these basilar 
- Structures. In every instance when both atria were visualized 


. in the same tomographic scan it was possible to see a well 
defined demarcation between the atria. In some instances this 
_ may have represented the interatrial septum. 


Three arrested hearts were scanned vertically after the in- 


jection of meglumine diatrizoate into the ventricular cavities 
_ (Fig. 7). A section of the heart approximately corresponding 
. to that scanned on the left is shown in the center of this figure. 


The ventricular cavities can be clearly seen. A papillary muscle 
protrudes into the left ventricular cavity (lower arrow). The 
left atrium can be identified above the left ventricle. In the 


- center of the scan, the subaortic area (top arrow) extends su- 
- periorly from the left ventricular cavity. The right atrium can 
- beseen above the right ventricle. In the scan at the right, ob- 
_ tained at an adjacent tomographic level and at a different 
- density setting, a lucency corresponding to a right ventricular 
- papillary muscle (white arrow) can be seen protruding into 
- the bottom of the right ventricular cavity. Furthermore, the 


« 
m^. 


division between the subaortic region and the left atrium 


- (black arrow) appears longer in the scan at the right and most 


t 


_ FIGURE 8. Computerized tomographic scans of a beating heart (left, with anemia [hematocrit 33 percent 
-iodinated contrast material). The outlines of the left ventricular cavity can be seen and compared with the anatomic specimen (right). The increased 
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. density in the left scan is due to tubing in the right ventricle. 
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likely represents the base of the aortic leaflet of the mitral 
valve. | 

Scans obtained in three beating hearts with remótely ad- 
ministered iodinated contrast material revealed that it is 
possible, even with cardiac motion, to discern some structural 
definition. Figure 8 shows two tomographic scans of a beating 
heart obtained with perfusion with blood with a decreased 
hematocrit of 33 percent (left) and with the peripheral ad- 
ministration of meglumine diatrizoate (center). The corre- 
sponding specimen of the heart is shown at right. It is possible 
to identify the left ventricular cavity in this beating heart 
under conditions of either anemia or injection of iodinated 
contrast material. The anterior papillary muscle, which pro- 
trudes into the left ventricular cavity of the specimen at right, 
can also be seen under these conditions. Similarly, it was 
possible to visualize the left ventricular papillary muscles in 
the two additional beating hearts. 


Discussion 


'The data from this in vitro study indicate that com- 
puterized tomography has potential as a noninvasive - 
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technique for cardiac diagnosis with a relatively high 
degree of resolution. The tomographic scans obtained 
provide a means of morphologic appreciation of cardiac 
structures that was heretofore unavailable. This ability 
to define morphology with the use of small amounts of 
contrast material is due to both the structural identi- 
fication in each tomographic scan and the ability to 
determine the depth of each structure from its location 
in the tomographic sequence. The atrial cavities, the 
walls of the ventricles, the ventricular cavities, the 
structures within the ventricular cavities such as pa- 
pillary muscles and trabeculae and the structures at the 
base of the heart (including the great vessels) can be 
identified in the arrested heart in vitro. Thus, relatively 
precise structural definition can be obtained. 
Computerized tomography detects differences in 
density of as little as 0.5 percent.? Because of the simi- 
larity of the density of various tissues, ^9 including blood 
and myocardium, it is not possible in the absence of 
anemia to detect internal structures in the canine heart. 
However, anemia or the peripheral administration of 
small amounts of iodinated contrast material allows 
definition of intracardiac structures. The ability to use 
small amounts of iodinated contrast material and still 
obtain structural definition will minimize the potential 
direct depressant effect of contrast agents!? on ven- 
tricular function. 
_ Potential advantages and limitations: Structural 
definition can be obtained using computerized tomog- 
raphy with a machine resolution as low as 1.5 mm.!? 
This resolution is substantially better than that ob- 
tained through nuclear scanning,!? and underscores the 
potential usefulness of computerized tomographic 
scanning as a noninvasive technique for the accurate 
quantitative assessment of ventricular wall thickness, 
ventricular function (ejection fraction) and regional wall 
motion abnormalities. The accomplishment of this ca- 
pability is predicated on the development of gating, 
which is not now available. Because the tomographic 
approach adds a transverse dimension unobtainable 


with biplane angiography, this technique offers promise. 


for measurement of wall thickness, mass and volume in 
both the left and the right ventricles. To date, there is 
no satisfactory means, either invasive or noninvasive, 
of quantitating right ventricular volumes.!4^!^ Com- 
puterized tomographic scanning may provide a rela- 
tively simple noninvasive means of following the natural 
course of hypertrophy and evaluating the possible re- 
gression of hypertrophy with various forms of treat- 
ment. 

Congenital heart defects, particularly ventricular 
septal defect and malposition of the great vessels, might 
be detected by computerized tomographic scanning; 
both the ventricular septum and structures at the base 
of the heart were well defined in our isolated hearts. 
However, it should be pointed out that the scans in our 
study were obtained in vitro with the heart adjusted to 
achieve the desired position within the scanning device. 
Limitation on the degree to which a patient's position 
may be altered within a body scanner may require re- 
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orientation in order to identify the relative positions of - 


various intracardiac structures. 


In comparison with the noninvasive techniques now - 


available for clinical use, the computerized tomographic 


scan offers certain potential advantages. Its relatively | 
high resolution capability, particularly compared with — 
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the nuclear cardiac blood pool scan, has been alluded ~ 
to. In addition, the problem of overlap of cardiac — 


chambers with one another, which further limits the - 
nuclear method,!? is eliminated by the computerized — 
tomographic scan display of transverse tomographic — 
slices. The echocardiogram also provides good resolu- - 
tion, but is restricted by the size of the echocardiogra- - 


phic “window” even under ideal conditions. Further- . 


more, in a significant number of patients, a satisfactory | 
examination cannot be obtained. Emission tomogra- — 
phy,!-1? which involves radionuclide emission imaging, — 
utilizes the reconstruction principles of computerized 
tomographic scanning. This technique has been applied 
to the heart!" and appears to offer a distinct improve- - 


ment in nuclear medicine imaging. In the future, com- 


parative studies of computerized tomographic scanning — 


with radionuclide imaging will need to be performed to 


determine the relative merits and applications of the — 


various techniques. 
Potential clinical applications: Our finding that 


moderate resolution can be obtained in the beating - 


heart under in vitro conditions suggests the possibility 


of clinical applicability of computerized tomography 
even without the use of gating. Commercially available 
body scanning units are now capable of obtaining to- 
mographic scans of the chest at time intervals of 5 to 20 


seconds. It is possible that a patient with normal or only - 


minimal impairment of cardiopulmonary function 
might be able to hold his breath during the time of each 
scan and thus permit an image to be obtained without 


respiratory motion artifact. Of course, the ultimate — 


degree of structural definition that can be obtained will 


also depend on other factors such as the extent of wall 


motion (related to the ejection fraction), the degree of 


rotation of the heart within the pericardium and . 


rhythmicity. Overcoming these difficulties will depend 
on the development of gating. 

Although commercial development of gating appears 
feasible, this capability is not available as yet. Johnson, 
Wood and co-workers,!?!? using an experimental 
computerized tomographic scanning unit of their de- 
sign, are able to pace the heart synchronously with the 
scanning machine and obtain data for a single image in 
1/60th of a second. Thus, it is possible that in the future, 
with the development of gating, computerized tomog- 
raphy will provide a new noninvasive quantitative 
method of cardiac diagnosis. 
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Indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
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ticosteroids, or severe vomiting and diarrhea cause 
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also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison's disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 
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tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 
ECG for cardiac irregularities. To minimize the pos- 
sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be carefully directed 
to dissolve each dose completely in the stated 
amount of water. 
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Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 
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the Exerstress® Display Memory Scope, ST Segment Computer, and one of our low-cost treadmills, 
you get a complete, automatic 3-channel system for a lot less than you might expect to pay. 

The 4000 automatically produces 12-lead ECGs on a letter-size, chart-ready format. With simple, 
push-button controls, you can pre-select—any standard lead group, an XYZ lead group, plus your 
choice of a monitor lead group. And you can change any lead group anytime during the procedure. 

The Exerstress Display has a 5-second memory for immediate chart documentation of observed 
abnormalities. ECG Traces, Elapsed Time, Heart Rate, and the optional ST Level Display all appear 
on the bright, non-fade, memory scope. 

Like all Del Mar Avionics Systems, the 4000 is backed by an extensive service and supply network 
throughout the country. For more information or a demonstration, write Del Mar Avionics, 

1601 Alton Avenue, Irvine, California 92714. Or just call any sales office listed below. 

Together, your ideas and our ideas built the 4000. An economical, reliable, yet state-of-the-art 

approach to office and private practice stress testing as well as resting electrocardiograms. 


Which is the very reason we ask questions before we build answers 


ATLANTA (404) 432-0612 * BALTIMORE (301) 265-1320 * BOSTON (203) 327-7294 * CHICAGO (312) 956-6520 * DENVER (303) 344-5101 
DETROIT (313) 559-6863 * HOUSTON (713) 626-2320 * IRVINE (Home Office) (714) 549-1500 * LOS ANGELES (213) 640-2282 

MIAMI (305) 981-0405 * NEW YORK (203) 327-7294 * SAN FRANCISCO (415) 349-9102 * ST. LOUIS (314) 739-8151 * 

EUROPE (Brussels, Belgium) 720-7405 Telex 617-91 
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Take it. Easy. 










Easy to use— ECHOMATIC has Auto- 
matic Gain Compensation. Easy to take— 
ECHOMATIC weighs less than 50 pounds 
and can be carried right on the back seat 
of your car. Easy to own—ECHOMATIC 
costs thousands of dollars less* than other 
echocardiography systems. And easy to 
get used to—ECHOMATIC is backed with 


P Jm the Metrix Teknika Echocardiography 
\= rao Training Program. 
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*Introduction price of $9,980 subject to change without notice 








ECHOMATIC is just one example of the 
Metrix Teknika philosophy of developing new 
instrumentation. We believe making an instru- 
ment complex and expensive doesn't make 
its data any more valid. What is important, is 
making instrumentation that you can use as a 
tool to test your patients—not your patience. 

Write or phone us collect; 

Metrix Teknika, 876 Ventura St., 
Aurora, Colorado 80011. 303/343-8330. 


ECHOMATIC FOR EASY ECHOCARDIOGRAPHY 


METRIX TEKNIKA 


Lasix Tablets 
(furosemide) 20mg and 40mg 


in hyp ertension. 


Lasix Tablets have 

been shown to reduce 
elevated blood pressure 
in diuretic-responsive 
patients. — 
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Lasix. For the —— 
treatment of essential 
benign hypertension. 
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A brief summary of the Prescribing Information for 
Lasix® (furosemide) Tablets 20 mg and 40 mg 


WARNING—Lasix (rurosemide) is a potent diuretic which if given in 
excessive amounts can lead to a profound diuresis with water and electro- 
lyte depletion. Therefore, careful medical supervision is required, and 
dose and dose schedule have to be adjusted to the individual patient’s 
needs. (See under "Dosage and Administration.") 

Indications—Lasix (furosemide) is indicated for the treatment of the 
edema associated with congestive heart failure, cirrhosis of the liver, and 
renal disease, including the nephrotic syndrome. 

Hypertension—Lasix (furosemide) may be used for the treatment of 
hypertension alone or in combination with other antihypertensive drugs. 

ypertensive patients who cannot be T controlled with thiazides 
aa probably also not be adequately controllable with Lasix (furosemide) 
alone. 

CONTRAINDICATIONS—Because animal reproductive studies have 
shown that Lasix (furosemide) may cause fetal abnormalities, the drug is 
contraindicated in women of childbearing potential. (See “Additional 
Information.") ^ ; 

Lasix (furosemide) is contraindicated in anuria. If increasing azotemia 
and oliguria occur during treatment of severe progressive renal disease, 
the drug should be discontinued. In hepatic coma and in states of electro- 
lyte depletion, therapy should not be instituted until the basic condition 
is improved or corrected. Lasix (furosemide) is contraindicated in patients 
with a history of hypersensitivity to this compound. 

.  Warnings—Excessive diuresis may result in dehydration and reduc- 
tion in blooc volume, with circulatory collapse and with the possibility 
of vascular thrombosis and embolism, particularly in elderly patients. 
Excessive loss of potassium in patients receiving digitalis glycosides may 
precipitate digitalis toxicity. Care should also be exercised in patients re- 
ceiving potassium depleting steroids. 

Frequent serum electrolyte, CO; and BUN determinations should be 
performed during the first few months of therapy and periodically there- 
after, and abnormalities corrected or the drug temporarily withdrawn. 

In patients with atic cirrhosis and ascites, initiation of therapy 
with Lasix (furosemide) is best carried out in the hospital. Sudden altera- 
tions of fluid and electrolyte balance in patients with cirrhosis may pre- 
cipitate hepatic coma; therefore, strict observation is necessary during 
the period of diuresis. Supplemental potassium chloride and, if required, 
an aldosterone antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. 

Patients should be observed regularly for the possible occurrence of 
blood dyscrasias, liver damage, or other idiosyncratic reactions. 

In those instances where potassium supplementation is required, an 

oral Haud preparation should be used rather than enteric-coated potas- 
sium salts. 
x There have been several reports, published and unpublished, con- 
cerning nonspecific small-bowe! lesions consisting of stenosis, with or 
without ulceration, associated with the administration of enteric-coated 
thiazides with potassium salts. These lesions may occur with enteric- 
coated potassium tablets alone or when they are used with nonenteric- 
coated thiazides, or certain other oral diuretics. 

These small-bowel lesions have caused obstruction, hemorrhage, and 
perforation. Surgery was frequently required, and deaths have occurred. 

Available information tends to implicate enteric-coated potassium 
salts, although lesions of this type also occur spontaneously. Therefore, 
coated potassium-containing formulations should be administered only 
when indicated and should be discontinued immediately if abdominal 
pain, distention, nausea, vomiting, or gastrointestinal bleeding occurs. 

Patients with known sulfonamide sensitivity may show allergic reac- 
tions to Lasix (furosemide). : ? 

Precautions—As with any potent diuretic, electrolyte depletion may 
occur during therapy with Lasix (furosemide), especially in patients re- 
ceiving higher doses and a restricted salt intake. Electrolyte depletion 
may manifest itself by weakness, dizziness, lethargy, leg cramps, ano- 
rexia, vomiting, and/or mental confusion. 

Asymptomatic hyperuricemia can occur and gout may rarely be pre- 
cipitated. Reversible elevations of BUN may be seen. These have been 
observed in association with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. | : 

When parenteral use of Lasix (furosemide) precedes its oral use, it 
should be kept in mind that cases of tinnitus and reversible hearing im- 
pairment have been reported. There have also been some reports of cases 
in which irreversible hearing impairment occurred. Usually, ototoxicity 
has been reported when Lasix (furosemide) was injected rapidly in pa- 
tients with severe impairment of renal function at doses exceeding sev- 
eral times the usual recommended dose and in whom other drugs known 
to be ototoxic were often given. If the physician elects to use high dose 
parenteral therapy in patients with severely impaired renal function, con- 
trolled intravenous infusion is advisable (for adults, it has been reported 
that an infusion rate not exceeding 4 mg Lasix [furosemide] per minute 
has been used). : 1 

Increases in blood glucose, and alterations in glucose tolerance tests 
with abnormalities of the fasting and two-hour postprandial sugar have 
been observed, and rare cases of precipitation of diabetes mellitus have 


been reported. 


Lasix (furosemide) may lower serum calcium levels, and rare cases 
of tetany have been reported. i : ; 

Patients receiving high doses of salicylates, in conjunction with Lasix 
(furosemide) may experience salicylate toxicity at lower doses because of 
competitive renal excretory sites. T 

Diuretics such as furosemide may enhance the nephrotoxicity of 
cephaloridine. Therefore, Lasix (furosemide) and cephaloridine should 
not be administered simultaneously. 

Sulfonamide diuretics have been reported to decrease arterial respon- 
siveness to pressor amines and to enhance the effect of tubocurarine. 
Great caution should be exercised in administering curare or its deriva- 





tives to patients undergoing therapy with Lasix (furosemide), and it is 
advisable to discontinue Lasix (furosemide) for one week prior to any 
elective i-o ! Y t s 

Adverse Reactions—Various forms of dermatitis, including urticaria 
and rare forms of exfoliative dermatitis, erythema multiforme, pruritus, 
paregnesis blurring of vision, postural hypotension, nausea, vomiting, or 

iarrhea. 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with 
purpura). Rare cases of agranulocytosis which responded to treatment. 

In addition, the following rare adverse reactions have been reported; 
however, relationship to the drug has not been established with certainty: 
sweet taste, oral and gastric burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli and acute pancreatitis. 

Lasix (furosemide)-induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle cramps, thirst, in- 
creased perspiration, urinary bladder spasm, and symptoms of urinary 
frequency. 

Dosage and Administration 
ADULTS 1 

The usual adult dose of Lasix (furosemide) is 20 to 80 mg given as a 
single dose. ^ : 

If the diuretic response with a single dose of 20 to 80 mg is not satis- 
factory, the following schedule should be used: Increase this dose by in- 
crements of 20 or 40 mg not sooner than 6 to 8 hours after the previous 
dose until the desired diuretic effect has been obtained. This individually 
determined single dose should then be given once or twice daily. The dose 
of Lasix (furosemide) may be carefully titrated up to 600 mg per day in 
those patients with severe clinical edematous states. 

With doses exceeding 80 mg/day and given for prolonged periods, 
careful clinical and laboratory observations are particularly advisable. 

, Hypertension—The usual dose of Lasix (furosemide) is 40 mg twice 
daily both for initiation of therapy and for maintenance. Careful observa- 
tions for changes in blood pressure must be made when this compound is 
used with other antihypertensive drugs, especially during initial therapy. 
The dosage of other agents must be reduced by at least 50 percent as 
soon as Lasix (furosemide) is added to the regimen to prevent excessive 
drop in blood pressure. As the blood pressure falls under the potentiating 
effect of Lasix (furosemide), a further reduction in dosage, or even discon- 
tinuation, of other antihypertensive drugs may be necessary. It is further 
recommended, if 40 mg twice daily does not lead to a clinically satisfac- 
tory response, to add other hypotensive agents, e.g., reserpine, rather than 
to increase the dose of Lasix (furosemide). 

INFANTS AND CHILDREN . 

Pediatric Administration: The usual initial dose of oral Lasix in infants 
and children is 2 mg/kg body weight, given as a single dose. If the diuretic 
response is not satisfactory after the initial dose, dosage may be increased 
by 1 or 2 mg/kg not sooner than 6 to 8 hours after the previous dose. 
Doses greater than 6 mg/kg body weight are not recommended. 

For maintenance therapy in infants and children, the dose should be 
adjusted to the minimum effective level. 2 : 

How Supplied—Lasix Tablets 40 mg (furosemide) supplied as white, 
round, monogrammed, scored tablets. : « 

Lasix Tablets 20 mg (furosemide) supplied as white, oval, mono- 
grammed tablets. _ x : . 

Note: Dispense in dark containers. Exposure to light may cause slight 
discoloration which, however, does not alter potency. 

Additional Information 
Toxicology tt j x ; i 

The acute toxicity of Lasix (furosemide) has been determined in mice, 
rats, and dogs. In all three animal species, the oral LDso of Lasix (furo- 
semide) exceeded 1000 mg/kg of body weight, while the intravenous LDso 
ranged from 300 to 680 mg/kg. Intragastric injection of the drug in new- 
born rats resulted in an LDso of 380 mg/kg. . 

The acute toxicity of high doses of Lasix (furosemide) was character- 
ized by convulsions, paralysis, and collapse. Surviving animals often be- 
came dehydrated and depleted of electrolytes due to the diuresis induced 
by Lasix (furosemide). In the newborn rats, intragastric injection of the 
drug caused hyperactivity and anorexia. ; E 

Chronic toxicity studies with Lasix (furosemide) were done in rats 
and dogs. In a one-year study in rats, renal tubular degeneration occurred 
with all doses higher than 50 mg/Kg (4 times the maximal recommended 
human dose of 600 mg per day). A six-month study in dogs revealed cal- 
cification and scarring of the renal parenchyma at all doses above 10 
mg/kg me percent of the maximal recommended human dose of 600 mg 
per day). 

Reproductive Studies 

The effects of Lasix (furosemide) on embryonic and fetal develop- 
ment and on pregnant dams were studied in mice, rats, and rabbits. 

Lasix (furosemide) caused unexplained maternal deaths and abor- 
tions in the rabbit when 50 mg/kg (4 times the maximal recommended 
human dose of 600 mg per day) was administered between days 12 to 17 
of gestation. In a previous study the lowest dose of only 25 mg/kg (2 times 
the maximal recommended human dose of 600 mg per day) caused ma- 
ternal deaths and abortions. In a third study, none of the pregnant rabbits 
survived a dose of 100 mg/kg. Data from the above studies indicate fetal 
lethality which can precede maternal deaths. 1 7 

The results of the mouse study and one of the three rabbit studies 
also showed an increased incidence of hydronephrosis (distention of the 
renal pelvis and, in some cases, of the ureters) in fetuses derived from 
treated dams as compared to the incidence in fetuses from the control 
group. 
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Meet the bold, advanced look of the Tycos 
II. It’s the profession's new alternative to 
the classic Tycos sphyg. 

A rectangular case and colorful dial, 
thatis 2596 larger than most other sphygs, 
highlight its functional advantages. New 
high visibility graphics and patented 
micro-release valve simplify blood 
pressure readings. The rich Naugahyde® 
precalibrated cuff with full nylon lining 
insures comfort, plus long wear. 





Presenting 


TYCOS II 


The sphyg that looks as 
great as it performs. 







The Tycos Ilis built to the exacting Tycos 
70 year standard of quality. And, as 
always, precise accuracy is assured when 
the pointer returns within the oval. 

A dramatic new look. Time proven 
reliability. And all backed by the famous 
Tycos 10 year warranty. 

See and try it for yourself. Ask your 
Tycos Surgical Dealer to show you the 
bold, new Tycos II, soon. 


If you prefer the classic sphyg look, choose the 
standard Tycos Pocket Aneroid. 
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Mercury 


THICKNESS—1" 25 mm 


USABLE LIFE—3 YEARS 
WEIGHT—155g 
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THICKNESS—5e” 17 mm 


WEIGHT—100g 
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USABLE LIFE—5-6 YEARS 
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Advantages: 


Siemens was one of the first to 
develop a lithium powered pace- 
maker with double the usable life 

of mercury models. While not the 
first to market one, our additional 
testing and research has produced a 
group of lithium pacemakers with 
significant advantages. 


The smooth, rounded contour and 
slender profile has proved very 
comfortable for the patient. 


The basic rate of 70 impulses per 
minute is maintained throughout the 
life of the pacemaker. The basic 
rate is not dependent upon battery 
voltage and thus it does not decline 
during its useful lifetime. 


Two distinct cell depletion indicators 
are offered only in Siemens-Elema 
lithium pacemakers. A magnet test 
rate drops from 100 impulses per 
minute to 85 per minute indicating 
aging. A drop in basic rate from 70 to 
60 impulses per minute makes the 
patient aware of need for replace- 
ment prior to a 3-month safety 
period. These tests are especially 
important in pacemakers with 5 to 12 
years usable life. 


QRS-inhibited Model 207 has an 
impulse duration of 1.0 ms and 
Model 217 has an impulse duration 
of 0.5 ms. While somewhat more 


expensive than mercury pacemakers, 


the cost per year of usable life is 
25-30% less. These two 6-year 
lithium pacemakers are 33% thinner 
and lighter than mercury models 
offering 3 years usable life. Patient 
comfort is increased, incidence of 
irritation and perforation is 
significantly reduced. 


Our Model 187 lithium pacemaker 
(.75 ms impulse duration) offers up to 
12 years usable life. This model also 
is only 5e" (17 mm) thick, while 
overall volume and weight is similar 
to a3 year mercury pacemaker. 


Other Features: 


Stable electrical parameters 
throughout the pacemaker's life. 
Practically insensitive to interference. 
For extra safety, the pacemaker 
switches from the inhibited mode in 
the event of unusually strong fields of 
interference. 


Defibrillation-proof. 
Run-away protection. 


Pacemaker housing is hermetically- 
sealed titanium; the lithium-iodide 
cell is also hermetically sealed for 


greatest reliability. Pulse amplitude 


decreases only 0.8V from beginning 
to end of estimated pacemaker life. 





PHONE 


ADDRESS 


CITY 





NAME 


STATE 


CALL COLLECT FOR A LITHIUM PACEMAKER DEMONSTRATION OR WRITE FOR LITERATURE. 


[] Please call for an appointment to demonstrate Siemens-Elema lithium pacemakers. 
[] Please send literature describing Models 187, 207 and 217. 


ZIP 


SIEMENS-ELEMA 


Pacemaker Division « Elema-Schonander, Inc. + Box 128 * Elk Grove Village, Illinois 60007 * 312/640-6460 
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when d Rotic- induced hyperaldosteronism 
contributes to sodium-retention and edema, 


consider specific action 
Aldactone 


(Spironolactone) 
the only diuretic 


with specific 
aldosterone- 


blocking action 


m helps avoid problems 


stemming from secondary 
(rebound) aldosteronism 


m maintains effectiveness 
over the long term* 
*See the box Warning and the /ndicatio IO Lian 
bref summary of prescribing information ja 
page. Befor vs cribing, p rode is cg 
prescribing in amBon. 
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m effective in both prevention 
and treatment of hypokalemia, 
thus making potassium 
supplements unnecessary" 


m avoids extra expense/ 
usually costs considerably 
less than other diuretics 

plus potassium supplements 


Aldactone 


(Spironolactone) 25-mg. tablets 


WARNING 
Spironolactone has been shown to be a tumorigen in chronic toxicity 


Studies in rats (see Warnings). Aldactone should be used only in those con- 
ditions described under /ndications. Unnecessary use of this drug should 
be avoided. 


Indications: Diagnosis and treatment of primary hyperaldosteronisn.. Essen- 
tial hypertension, edema of congestive heart failure and the nephrotic syn- 
drome, when other measures are considered inappropriate. Cirrhosis of the 
liver accompanied by edema and/or ascites. Hypokalemia. 

Contraindications: Anuria, acute renal insufficiency, significant impairment 
of renal function, or hyperkalemia. 

Warnings: Excessive potassium intake may cause hyperkalemia. Potassium 
supplements should not be given with Aldactone. Do not administer concur- 
rently with other potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies 
in rats. In one study using 25, 75 and 250 times the usual daily human dose 
(2 mg./kg.) there was a statistically significant dose-related increase in benign 
adenomas of the thyroid and testes. In female rats there was a statistically sig- 
nificant increase in malignant mammary tumors at the mid-dose only. In male 
rats there was a dose-related increase in proliferative changes in the liver. At the 
highest dosage level (500 mg./kg.) the range of effects included hepatocy- 
tomegaly, hyperplastic nodules and hepatocellular carcinoma; the last was not 
statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances 
of fluid and electrolyte balance. Hyperkalemia may occur in patients with 
impaired renal function or excessive potassium intake and can cause cardiac 
irregularities which may be fatal. Hyponatremia may be caused or aggravated, 
especially when Aldactone is administered in combination with other diuretics. 
Transient elevation of BUN and/or mild acidosis may occur. Aldactone poten- 
tiates the effect of other diuretics or antihypertensive agents, particularly 
ganglionic blocking agents: therefore the dosage of such drugs should be 
reduced by at least 50 percent when adding Aldactone. Gynecomastia may 
develop and in rare instances some breast enlargement may persist. Vascular 
responsiveness to norepinephrine may be reduced. 

Spironolactone may cross the placental barrier. Use in pregnant women 
requires that the anticipated benefit be weighed against possible hazard to the 
fetus. Breast feeding should be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not infrequently. Gastrointes- 
tinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 
ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental 
confusion, drug fever, ataxia, inability to achieve or maintain erection, irregular 
menses or amenorrhea, postmenopausal bleeding, hirsutism and deepening of 
the voice. Carcinoma of the breast has been reported but a cause-and-effect 
relationship has not been established. Adverse reactions are usually reversible 
upon discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for three to four weeks 
(long test), or for four days (short test). For preparation for surgery or for long- 
term maintenance therapy, 100 to 400 mg. daily. 

For edema in adults: Initial daily dosage is 100 mg. in divided doses but 
may range from 25 to 200 mg. daily. If after five days an adequate diuretic 
response has not occurred, a second diuretic which acts more proximally in the 
renal tubule may be added. The dosage of Aldactone should remain unchanged 
when other diuretic therapy is added. 

For edema in children: Initial daily dosage shou'd provide approximately 1.5 
mg. per pound of body weight (3.3 mg./kg.) in divided doses. 

For essential hypertension: Initial adult daily dosage of 50 to 100 mg. in 
divided doses, alone or with diuretics which act more proximally in the renal 
tubule, or with other antihypertensive agents. Continue treatment for at least 
two weeks since maximal response may not occur before this time. Adjust 
subsequent dosage according to patient response. 

For hypokalemia: 25 to 100 mg. daily in divided doses. 


Searle & Co. 
SEARLE San Juan. Puerto Rico 00936 


Adaress medical inquiries to. 

G.D. Searle & Co. 

Medical Communications Department 

Box 5110, Chicago. Illinois 60680 613 
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UJINTON IN 


HE THREE CHANNEL 
SYSTEM YOU'VE 
BEEN WAITING FOR. 


Designed for the real world. Take one look 
at our new three channel exercise testing mon- 
itor and you can see that it’s designed asa 
practical working tool. 
The entire system is built into one sturdy, 
. — | compact unit. 
^" Three channel, no 
- fade scope. The 
= Model 633 displays 
| three channels on the 
T scope and records 
8i three channels on the 
S$ recorder. With the 
| “write-from-memory 
= feature, you can freeze 
Ma particular scope 
EN image, study it and 
ference. 
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Automatic lead rotation. Quinton's 
lead rotation changes lead aroups automatically. 
making it easy to do full 12 lead resting ECG's 


auto 


before and after the 

Easy to use. The 

recorder is mounted 

in a convenient desk Him 

top working area just —— 

below the control RS 

panel. You can make =a 

notes and adjust controls easily vial having to 

reach or move around the unit. A handy storage 

area is located beneath the recorder desk. 

Signal processing output. In addition to the 

full three channels displayed, every model 633 

comes with a fourth channel output which can 

be connected to a signal processor or computer 

for signal averaging or S- T Segment analysis. 

| mV. Low noise, 
shielded cable. 
Each Model 633 
comes equipped with 
a special low noise, 
shielded patient cable 
to minimize extrane- 
ous noise and motion 
artifact. No battery 
pack is required. 


exercise test. 
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Pictured here with additional options. 


Tailored to your needs. Before your Model 
633 leaves the factory, you can have it set to 
Sdkoinaticali) monitor the specific exercise lead 
group you select. 

The Model 633 is designed to arow with 
your needs. The basic unit includes the three 
channel monitor, recorder, patient cables and 
4th channel output. To this basic system vou can 
add a Quinton Treadmill Control, Programmer, 
Defibrillator or S-T Segment Computer. 

For more information, contact Quinton 
Instruments, Dept. E106, 2121 Terry Avenue, 
Seattle, Washington 98121. Call Toll Free 

\0-426-0538. QUINTON 
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| WANT FASTER SERVICE? 


| ‘If you... Change your Address? 


_.. Need Information? 
ATTACH YOUR PRESENT ADDRESS LABEL BELOW 


| 


AFFIX LABEL 


If you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
magazine to you without it. 


NAME 





| 
| 
| 
I| 
| 
| 
| 
| 
| 
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ADDRESS 
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Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
10. .; 


American Journal of Cardiology 
Dun-Donnelley Publishing Corporation 


Yorke Medical Journals 
Circulation Department 


666 Fifth Avenue, New York, N.Y. 10019 
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New convenience comes to 


nitroslycerin thera 
ay Nitrostat T x95 S 


(nitroglycerin tablets, USP) 










s, 0071.5470. 5 










a third for travel anda fourth in pocket or purse 


Nitrosíat 4x25s 


(nitroglycerin tablets, USP) 


Sublingual Tablets—Stabilized Formula 











e Stabilized sublingual nitroglycerin available when and 
where it is needed—four bottles of 25 tablets each 


Minimize Change in Potency and 

Maximize Patient Convenience 

e Replace patient’s pillbox with Nitrostat 25s 

e Four dosage strengths—0.15 mg (1/400 grain), 
0.3 mg (1/200 grain), 0.4 mg (1/150 grain), 
0.6 mg (1/100 grain) 
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Hypoglycemia 


This book is the result of the First European (Rome) 
Symposium on the subject. Hypoglycemia is a com- 
prehensive presentation covering both the clinical 
and investigative knowledge available now. Guest 
Editors are: D. Andreani, P. Lefébvre and V. Marks. 


Emphasis is placed on diagnosis and treatment, and 
special considerations are offered on Stimulative 
Hypoglycemia, Alcohol Hypoglycemia, Gastro- 
intestinal Hormones, Pancreatic Tumors, Reactive 
Hypoglycemia, and Hypoglycemia in Diabetics. 


These proceedings have made a substantial con- 
tribution to the understanding and management of 
this widely diagnosed disease. Now published and 
ready for worldwide distribution, the original material 
has the added value of close peer review and careful 
editing. 


Send us your order now, and receive your copy on 
Our special 10-day free plan. 


Published in conjunction with Georg Thieme Pub- 
lishers, Stuttgart. 


YORKE MEDICAL BOOKS AJC-5/77 
666 Fifth Avenue, New York, New York 10019 


Yes, | would like to review Hypoglycemia-Proceedings of 
the First European Symposium. 


Please send me |... copy(ies) on a 10-day free review 

basis. | understand | may return the book(s) at any time 

within 10 days and owe nothing or receive a prompt refund 

if | paid in advance. 

L] Please bill me $23.00 plus $1.00 handling. 

L] Payment enclosed $2300*, publisher absorbs han- 
dlin 

o Ganada Central & South America (Pre-Payment re- 
quired) $23.00 plus $2.00 shipping. 


NAME 
ADDRESS 
UIT TOWN | 2 STA TE oe ZIP 


SIGNATURE . 
"In New York State, please add appropriate tax. 
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Collins Top Contenders.... 


Collins Rugged High Speed Collins Standard Treadmill- 
Treadmill-performance greatest versatility at the 


plus mobility! most popular size! 


2-16 mph speed range 

Electric lift for full 40% elevation 
Aluminum unitized frame 

Heavy duty 5 hp motor 

Non-skid approach platform 
Adjustable breathing valve support 
arm 

Heavy duty handrails 

Rear stabilizer skids 

18" x 51" useable walking belt area 
"All-Electric" controls 

Optional Programmer available 


¢ 1-10 mph speed range 

* Electric lift for full 40% elevation 

e Aluminum unitized frame 

e Rugged 2 hp motor 

* Non-skid approach platform 

e Adjustable breathing valve support 
arm 

e Heavy duty handrails 

e Rear stabilizer skids 

* 18" x 44° useable walking belt area 

* Optional "All-Electric" controls 

* Optional Programmer available 
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Announcing the new expanded Information to | - . acquires, processes, transmits data 4 

Authors 1976-1977 edition with editorial C aaan Hial-dime diagnostic log : 

guidelines reprinted from 140 medical journals - mOn-line computerized exercise-stress Ld 

Compiled by Harriet R. Meiss and Doris A. Jaeger of | . program s Processes over 100 ECGs per . E 

the Levy Library, Mount Sinai School of Medicine of | hour m Optional CARDIOSTORE | = 

the City University of New York. Automatic Storage/Retrieval System E 
Us _ provides on-line storage of more than 

At last, a handbook providing the most up-to-date 100,000 ECGs m Reliable, flexible for 

guidelines for the preparation of manuscripts exactly | Uc ECG demands of hospitals or cardiology 


as specified in 140 leading American medical jour- 
nals. Authors, secretaries, publishers, editors, med- 
ical writers and librarians will welcome this greatly 
needed reference for publishing in clinical medicine. 


Information to Authors features the exact replica of 
each journals masthead, with editors, editorial 
boards, mailing addresses and such pertinent in- 
formation as statements of scope, sponsoring 
societies, advertising information and subscription 
rates. Instructions to contributors are reprinted in 
their entirety—including information on the number 
of manuscript copies required, desired format, cor- 
rect style for typing footnotes and references, rules 
for preparation of illustrations, tables, graphs, etc. 
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For rapid access, journals are arranged in alphabeti- 
cal order. A subject index enables you to identify pos 3 : 
publications in your field of interest. p | tie LM 
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lf you or members of your staff write, submit or re- 
view papers for medical journals, this handy 328- 
page guide will save valuable look-up and research 
time. Information to Authors has everything you 
need to meet the exact requirements of the editor, 
avoid costly publication delays, and speed accept- 
ance of your paper. 


- Use the order form below to obtain your 1976-77 
copy now. No orders will be processed unless ac- 
companied by payment. 


Information to Authors 

Levy Library 

Mount Sinai School of Medicine 
Fifth Avenue and 100th Street 
New York, New York 10029 


Please send me postage paid copy(ies) of your /n- 
formation to Authors. | enclose payment. $13.50* per copy, 
domestic and $15.00 per copy, foreign. (Please make 
checks payable to 'MSSM-—Information to Authors. ") 
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Or yourself? 


Injection penicillin G benzathine is recommended 
asthe method of choice* to prevent streptococcal 
infection and possible recurrence of rheumatic 
fever. One reason is that just one injection of 
1,200,000 units, once a month, usually offers 
effective and continuous prophylaxis. So there's 
no need to worry that your patient will forget to 
take a tablet every day. 


Mild to moderate group A streptococcal pharyn- 
gitis (without bacteremia) therapy is in your 
hands, too. Because a single injection (600,000 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. 
Indications: In treatment of infections due to penicillin G-sensitive micro- 
organisms susceptible to the low and very prolonged serum levels common to 
this dosage form. Therapy should be guided by bacteriological studies (including 
sensitivity tests) and clinical response 

The following infections usually respond to adequate dosage of IM penicillin 
G benzathine. 
Streptococcal infections (Group A — without bacteremia). Mild to moderate upper 
respiratory infections (e.g., pharyngitis). 
Venereal infections — Syphilis, yaws, bejel, and pinta 

Medical conditions in which penicillin G benzathine therapy is indicated as 
prophylaxis: 
Rheumatic fever and/or chorea — Prophylaxis with penicillin G benzathine has proven 
effective in preventing recurrence of these conditions. It has also been used as 
followup prophylactic therapy for rheumatic heart disease and acute glomeru- 
lonephritis. i 
Contraindications: Previous hypersensitivity reaction to any penicillin. 
Warnings: Serious and occasionally fatal hypersensitivity (anaphylactoid) reactions 
have been reported. Anaphylaxis is more frequent following parenteral therapy but 
has occurred with oral penicillins. These reactions are more apt to occur in 
individuals with history of sensitivity to multiple allergens. Severe hypersensitivity 
reactions with cephalosporins have been well documented in patients with history 
of penicillin hypersensitivity. Before penicillin therapy, carefully inquire into pre- 
vious hypersensitivity to penicillins, cephalosporins and other allergens. If allergic 
reaction occurs, discontinue drug and treat with usual agents, e.g., pressor 
amines, antihistamines and corticosteroids 
Precautions: Use cautiously in individuals with histories of significant allergies 
and/or asthma 


INJ EC TION «* 
Bicillin L-A 


sterile penicillin G 





benzathine suspension 


to 900,000 units in children and 1,200,000 units 
in adults) usually maintains serum concentrations 
for the ten days deemed necessary to eradicate 
the streptococci and preclude the initial onset 

of rheumatic fever. 

You, more than anyone else, know the impor- 
tance of effective and continued rheumatic fever 
prophylaxis. So is there any question of whom 
you d rather trust? 


*Rheumatic Fever Committee of the Council on Rheumatic Fever 
and Congenital Heart Disease of the American Heart Association. 


Carefully avoid intravenous or intraarterial use, or injection into or near major 
peripheral nerves or blood vessels, since such injection may produce neurovascular 
damage 

TIn streptococcal infections, therapy must be sufficient to eliminate the organism, 
otherwise the sequelae of streptococcal disease may occur. Take cultures following 
completion of treatment to determine whether streptococci have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of non-susceptible 
Organisms including fungi. Take appropriate measures if superinfection occurs. 
Adverse Reactions: Hypersensitivity reactions reported are skin eruptions (maculo- 
papular to exfoliative dermatitis), urticaria and other serum sickness-like reactions, 
laryngeal edema and anaphylaxis. Fever and eosinophilia may frequently be only 
reaction observed. Hemolytic anemia, leucopenia, thrombocytopenia, neuropathy 
and nephropathy are infrequent and usually associated with high parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has been reported 
Composition: (units penicillin G benzathine as active ingredient in aqueous sus- 
pension): 300,000 units per ml. — 10-ml. multi-dose vial. Each ml. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3 mg. povidone, 1 mg. carboxy- 
methylcellulose, 0.5 mg. sorbitan monopalmitate, 0.5 mg. polyoxyethylene 
sorbitan monopalmitate, 1.2 mg. methylparaben and 0.14 mg. propylparaben. 

600,000 units in 1-ml. TUBEX* (sterile cartridge-needle unit) Wyeth, packages 
of 10. 

900,000 units, 1.5-ml. fill in 2-ml. TUBEX, packages of 10 

1,200,000 units in 2-ml. TUBEX, packages of 10, and in 2-ml. single-dose 
disposable syringe, package of 10 

2,400,000 units in 4-ml. single-dose disposable syringe, packages of 10 

Each TUBEX or disposable syringe also contains sodium citrate buffer and, as 
w/v, approximately 0.5% lecithin, 0.6% carboxymethylcellulose, 0.6% povidone, 
0.1% methylparaben and 0.01% propylparaben 


Once-a-month 
rheumatic fever 
prophylaxis. 


Wyeth Laboratories 


Philadelphia, Pa. 19101 
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of real time. 





Large angle longitudinal view, 
showing MV, AV, IVS, LA, LV and RV. 


Our Cardiac Imager combines the savings of 
economical operation with the sense of clinical 
innovation. 

It adds real time two dimensional imaging 
of the beating heart to our Echoview* System 
80C M-mode echocardiograph. The result is a 
flexible, mobile package for the non-invasive 
lab as well as the CCU or the hospital ward. 

It provides variable scanning angle so 
that you can select large angles for easier 
orientation of cardiac anatomy, or small 
angles for higher resolution. 

By providing simple plug-in transducer 
elements, both adult and pediatric exam- 
inations can be performed. And since the 
inexpensive transducer can be changed be- 
fore or during an examination, you get 
economy and flexibility of operation. 


Transverse view of Left Ventricle, 
Papillary Muscle. 








Apex of Left Ventricle, 
Pericardial Effusion. 


The Cardiac Imager offers high resolution 
and gray scale signal processing resulting in clear 
images displayed in TV format on a bright video 
monitor. Images are recorded on a video tape 
for easy storage and retrieval and the non-fade 
ECG display provides easier identification of 

the exact portion of the cardiac cycle being 
displayed on the sector scan. 

This is another example of Picker's 
unique human resources benefiting you. 

It's a result of our expertise in the diag- 
nostic modalities of ultrasound, x-ray, 
nuclear, computed tomography, clinical 
laboratory, film systems and therapy. 
Only Picker has all these resources. 

Consult your Picker representative or 
write Picker Corporation, 12 Clintonville 
Road, Northford, CT 06472. 


Discover the human resources in Pickersynergy 
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m chemically unique vasodilator 

m mild to moderate in activity 

m effective in all grades of hypertension 

= well suited for long-term therapy * 

m no tolerance observed in long-term therapy* 


The above is an artistic rendition of the molecular structure of prazosin. 





*Minipress has been studied in patients on continuous therapy for periods of up to 5 ye 


Before prescribing Minipress, WARNINGS and 
DOSAGE AND ADMINISTRATION sections should be carefully reviewed 





NEW «Capsules 1mg,2mg,5 mg. 
M N PRES (D'azosin HCI) 
Well suited for long-term therapy 
because of direct action on the arterioles 





Antihypertensive effects are a direct result of relaxation 
of arteriolar smooth muscle, with an associated 
decrease in peripheral resistance without dilatation of 
venules or consequent venous pooling. 


without clinically significant change In 
cardiac or renal hemodynamics. 





No significant change in cardiac output. Reflex tachycardia 
that frequently occurs with other vasodilators is much less 
common with Minipress. 


No significant change in renal blood flow or glomerular 
filtration rate. 


Please see Brief Summary on last page for indications, warnings and adverse reactions. 


~ MINIPREM orazosin Hci 
Effective in all grades of hypertension. 


ANTIHYPERTENSIVE RESPONSE 

IN ALL PATIENTS (RESPONDING AND NONRESPONDING): 

Mean reduction of blood pressure (standing, 

207 patients were treated for 8 weeks or longer and were titrated through the full dosage range 
(up to 20 mg./day) unless satisfactory response (diastolic below 100 mm. Hg) was achieved at a 
lower dose level. More than three-fourths of the patients had hypertension of moderate severity 








or greater. 
MILD MODERATE” SEVERE* 
90-99 mm. Hg diastolic (100-114 mm. Hg diastolic 114 mm. Hg diastolic) TOTAL 
Bs 34 Patients 122 Patients 51 Patients 207 Patients 
E (0— -10 
20 — 
— al 
«di — 
es 90 i . E . . . . . 
Seventy-five percent of patients had a decrease in the severity of their illness, 75% had a final 
standing diastolic below 100 mm. Hg and nearly one-third of the patients had a final standing 
diastolic below 90 mm. Hg. *BASELINE SEVERITY 
ANTIHYPERTENSIVE EFFECT IN RESPONDING PATIENTS: 
Mean reduction of blood pressure (standing) 
MILD MODERATE SEVERE TOTAL 
, 18 of 34 Patients 97 of 122 Patients 28 of 51 Patients 143 of 207 Patients 
E. 10— 
20— 
— € 
"Vm 








B ) SYSTOLIC 


The pattern of response shown above provides another perspective on the activity of Minipress 
by illustrating mean blood pressure reductions in those patients who responded to Minipress 
therapy. For those patients who had moderate to severe hypertension, response was defined as 
a fall in diastolic blood pressure to less than 100 mm. Hg. For those patients who had mild hyper- 
tension, response was defined as a fall in blood pressure to less than 90 mm. Hg. 


fs] DIASTOLIC 


Well tolerated for long-term 
antihypertensive therapy. 


m The most common reactions associated with Minipress 


therapy are: 
dizziness (10.3%) weakness (6.595) 
headache (7.8%) palpitations (5.3%) 
drowsiness (7.6%) nausea (4.9%) 
lack of energy (6.9%) 


= Asmall percentage of patients experienced orthostatic 
hypotension (3.4%) and syncope (1.3%). Patients 
should always be started on 1-mg. capsules of Minipress. 
The 2-mg. and 5-mg. capsules are not indicated 
for initial therapy. (For more detailed descriptions of 
orthostatic hypotension and syncope, refer to 
Warnings section in Brief Summary.) 


m= Minipress was found to be associated with a relatively 
low incidence of the following side effects often en- 
countered with one or more other antihypertensive 


agents: 
dry mouth (4.2%) diarrhea (1.590) 
nasal congestion (3.7%) ^ impotence (0.6%) 
depression (2.3%) tachycardia (0.2%) 


Laboratory abnormalities such as positive Coombs’ tests 
and alterations in serum electrolytes have not been a 
problem with Minipress therapy. 


Please see Brief Summary on last page for indications, warnings and adverse reactions. 





WELL SUITED FOR LONG-TERM THERAPY... 


~ MINIPRES (Grazosin Hci 


m Chemically unique vasodilator. 
m Mild to moderate in activity. 


m Effective in all geades of hypertension, 
either alone or in combination with a 
diuretic and/or other antihypertensive 
agent. 


m Direct action on arterioles without 
clinically significant effects on cardiac out- 
put, renal blood flow or glomerular filtration 
rate. Reflex tachycardia frequently 
associated with other vasodilators is much 
less common with Minipress. 


m No tolerance observed in patients on 
continuous therapy for periods of up to 
O years. 


m Studies in patients on continuous therapy 
for periods of up to 5 years indicate that 
Minipress is well suited for long-term 
therapy. 


m Starting dosage: 1 mg. t.i.d. (See Dosage 
and Administration section.) 


a Usual maximum recommended dosage: 
20 mg. daily, given in divided doses. 


m Available in 


a 
PFILER Prts PIHITES PFI2I9 
4M, i.t 437 438 


1-mqg., 2-mg., and 5-mg. capsules. 





BRIEF SUMMARY 

MINIPRESS* (prazosin hydrochloride) Capsules For Oral Us: 
INDICATIONS. MINIPRESS (prazosin hydrochloride) is indicated in 
treatment of hypertension. As an antihypertensive drug, it is mil 
moderate in activity. It can be used as the initial agent or it may 
employed in a general treatment program in conjunction with a diur 
and/or other antihypertensive drugs as needed for proper pat 
response 

WARNINGS. MINIPRESS (prazosin hydrochloride) may ca 
syncope with sudden loss of consciousness. In most cases 1 
is believed to be due to an excessive postural hypotens 
effect, although occasionally the syncopal episode has b: 
preceded by a bout of severe tachycardia with heart rates 
120-160 beats per minute. Syncopal episodes have usually 
curred within 30 to 90 minutes of the initial dose of the dr 
occasionally they have been reported in association with ra 
dosage increases or the introduction of another antihypert 
sive drug into the regimen of a patient taking high doses 
MINIPRESS (prazosin hydrochloride). The incidence of synco 
episodes is approximately 1% in patients given an initial dost 
2 mg or greater. Clinical trials conducted during the investi 
tional phase of this drug suggest that syncopal episodes can 
minimized by limiting the initial dose of the drug to 1 mg, bys: 
sequently increasing the dosage slowly, and by introducing i 
additional antihypertensive drugs into the patient's regin 
with caution (see DOSAGE AND ADMINISTRATION). Hypot 
sion may develop in patients given MINIPRESS who are a 
receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent p 
tion and treated supportively as necessary. This adverse effect is s 
limiting and in most cases does not recur after the initial period of ther 
or during subsequent dose titration 

Patients should always be started on the 1 mg capsules of MINIPRE 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated 
initial therapy 

More common than loss of consciousness are the symptoms o' 
associated with lowering of the blood pressure, namely, dizziness 
lightheadedness. The patient should be cautioned about these poss 
adverse effects and advised what measures to take should they deve 
The patient should also be cautioned to avoid situations where in 
could result should syncope occur during the initiation of MINIPRE 
(prazosin hydrochloride) therapy 

Usage in Pregnancy: Although no teratogenic effects were see! 
animal testing, the safety of MINIPRESS (prazosin hydrochloride) in pr 
nancy has not been established. MINIPRESS (prazosin hydrochloride 
not recommended in pregnant women unless the potential benefit í 
weighs potential risk to mother and fetus 

Usage in Children: No clinical experience is available with the us 
MINIPRESS (prazosin hydrochloride) in children 
ADVERSE REACTIONS. The most common reactions associated v 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10 
headache 7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6. 
palpitations 5.3%, and nausea 4.9%. In most instances side effects h 
disappeared with continued therapy or have been tolerated with 
decrease in dose of drug 

The following reactions have been associated with MINIPRE 
(prazosin hydrochloride), some of them rarely. (In some instances ex 
causal relationships have not been established) 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal disc 
fort and/or pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia 

Central Nervous System: nervousness, vertigo, depression, paresthe 

Dermatologic: rash, pruritus 

Genitourinary: urinary frequency, impotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mo 
nasal congestion 

Other: diaphoresis 

Single reports of pigmentary mottling and serous retinopathy, and a 
reports of cataract development or disappearance have been reportec 
these instances, the exact causal relationship has not been establisl 
because the baseline observations were frequently inadequate 

In more specific slit-lamp and funduscopic studies, which inclut 
adequate baseline examinations, no drug-related abnorr 
ophthalmological findings have been reported 
DOSAGE AND ADMINISTRATION. The dose of MINIPRESS (prazc 
hydrochloride) should be adjusted according to the patient's indivic 
blood pressure response. The following is a guide to its administrati 

Initial Dose: 1 mg three times a day. (See Warnings) 

Maintenance Dose: Dosage may be slowly increased to a total d 
dose of 20 mg given in divided doses. Higher doses usually do not 
crease efficacy, however a few patients may benefit from further 
creases up to a daily dose of 40 mg given in divided doses. After ini 
titration some patients can be maintained adequately on a twice d 
dosage regimen 

Use With Other Drugs: When adding a diuretic or other a 
hypertensive agent, the dose of MINIPRESS (prazosin hydrochlori 
should be reduced to 1 mg or 2 mg three times a day and retitration t 
carried out 
HOW SUPPLIED. MINIPRESS (prazosin hydrochloride) is available 
1 mg (white #431), 2 mg (pink and white #437). and 5 mg (blue and w! 
#438) capsules in bottles of 250 

More detailed information available on request 
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A new continuous treadmill protocol (USAFSAM) has been designed us 
a constant treadmill speed (3.3 miles/hour) and regular equal increme 
in treadmill grade (5 percent/3 min). The constant treadmill speed requi 
only initial adaptation in patient stride, reduces technician adjustme 
and produces less electrocardiographic motion artifact than do protoc 
using multiple or higher treadmill speeds, or both. The regular equal 
crements in treadmill grade are easy to implement and provide a lar: 
number of work loads than do protocols that are discontinuous or reqt 
larger changes in work load. 

The USAFSAM protocol was compared with the older Balke-W. 
protocol in 26 healthy men (aged 30 to 59 years). Each fasting subj 
completed two maximal treadmill tests from each protocol. Measureme 
included minute heart rate from the electrocardiogram, auscultatory bk 
pressures and oxygen consumption obtained with standard techniqu 
Similarities in between-protocol measurements for submaximal ; 
maximal treadmill efforts were impressive; differences were small i 
unimportant. Further, both protocols showed equal reproducibility for 
measurements noted. importantly, time to maximal effort was reduc 
by 24 percent with the USAFSAM protocol. 

The USAFSAM treadmill protocol has since been used in more than ! 
clinical and screening examinations, thus confirming its advantages i 
practicality for routine clinical stress testing. Normal reference vali 
previously established for the Balke-Ware protocol are shown to ap 
to the new USAFSAM protocol as well. | ! 


A practical treadmill protocol for clinical use should fulfill two 
quirements. First, it should take into consideration the needs ; 
capabilities of the laboratory technician, the patient and the clinic 
The laboratory technician needs a protocol that requires minimal 
justments. Discontinuous treadmill protocols, multispeed protocol 
those requiring uneven changes in treadmill grade add a measur 
complexity that can lead to errors and may distract the technician fi 
monitoring the patient. The patient will be more comfortable wit 
simple one speed protocol that requires only an initial adaptatioi 
stride; in addition, moderate and even changes in treadmill grade 
less likely to compromise patient performance than are large char 
in work load or uneven work load intervals, or both. Finally, the clini 
requires a protocol that will encourage patient cooperation, and minin 
motion-induced artifact in critical electrocardiographic and auscultat 
blood pressure measurements, particularly near and at maximal tre 
mill effort. Of the many available treadmill protocols,!-? only 
Balke-Ware meets these design requirements.* Unfortunately, its 
cessive average time to maximal effort is a practical disadvantage : 
may unduly favor endurance relative to aerobic capacity. 

. The second requirement is that the response of healthy normal pers 
to the protocol should be known and available for reference. This 
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M TABLE I 
Physical Data (mean and range) in 26 Subjects Studied 
Subjects i 
— Height Weight Vital Capacity 
|. Age Group no. (cm) (kg) (liters) 
30—39 8 179 (170—191) 81 (72-97) 5.1 (4.3—6.2) 
40—49 10 174 (168—179) 74 (63—81) 4.5 (3.6—5.4) 
50—59 8 181 (175—191) 84 (72—100) 5.0 (4.2—5.9) 


-. quirement is usually difficult to meet, in part because 
most treadmill protocols are designed and used in a 
clinical environment consisting largely of patients with 
_ cardiac disease. The demonstration of reference values 
. requires treadmill testing of carefully screened healthy 
persons of sufficient number to be a valid representation 
. of the general population; such testing has recently been 
reported for the Balke-Ware protocol. 
We have developed a new and practical treadmill 
-. protocol (referred to as USAFSAM) that (1) continues 
. the design advantages of the older Balke-Ware protocol, 
pak?) uses the same normal reference values, and (3) offers 
 asignificant reduction in time to maximal effort. This 
- report describes our evaluation of this new protocol, 
i including. a direct comparison with the Balke-Ware 
protocol in a carefully controlled laboratory study. 
ESSO, we describe our successful first year's 
experience with the USAFSAM protocol in both 
asymptomatic and symptomatic clinical populations. 


3 Laboratory Methods 


Subjects: Twenty-six healthy men were chosen for par- 
ticipation in a laboratory study comparing the USAFSAM and 
Balke-Ware treadmill protocols. The selection of subjects was 
based in part on health status, age, height, weight and activity 
habits. The health status of each subject was assessed after 

` a thorough medical evaluation. 
- . There were three subject age groups, and each group was 
_ studied during a separate 8 week period (Table I). Each 
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FIGURE 1. The USAFSAM and Balke-Ware treadmill protocols; both 
protocols are continuous and use a constant speed of 3.3 miles/hour 
(MPH). 


subject within a given age group performed four maximal 
treadmill exercise tests, each maximal test separated by 2 
weeks. Subjects were subgrouped so that a portion of each age 
group performed a sequence of two Balke-Ware treadmill tests 
followed by two USAFSAM treadmill tests, and the remaining 
portion performed the tests in reverse sequence. This se- 
quencing was designed to negate performance bias for one 
protocol due to possible learning effects from the other pro- 
tocol. The Balke-Ware treadmill protocol used a constant 
walking speed of 3.3 miles/hour with a 1 percent increase in 
grade each minute. The USAFSAM protocol used the same 
walking speed but increased the treadmill grade by 5 percent 
every 3 minutes (Fig. 1). In both protocols, testing was fol- 
lowed by an 8 minute supine recovery period. 

Testing: All treadmill tests were conducted in the afternoon 
at an ambient temperature of 20 to 24? C; subjects were fasting 
and well rested. A multilead electrocardiogram provided 
continuous information on heart rate; blood pressure was 


é Unweighted Overall Protocol Mean Values + 1 Standard Deviation for the Various Measurements Taken Within the Balke- 
. Ware and USAFSAM Treadmill Protocols at the Indicated Protocol Times (26 Subjects) 








| ort Peed Blood Pressure (mm Hg) VO, 
* l Pit (beats/min) Systolic Diastolic (cc /kg-min) 
Period Balke USAFSAM Balke USAFSAM Balke USAFSAM Balke USAFSAM 
596 116 118 156 159 82 82 20% 221 
d rade + 15 + 14 +15 + 16 +8 +9 +2 +4 
- 10% 141 141 172 175 82* 791 28 28 
- grade + 18 + 16 t 18 + 16 +9 t9 t2 t1 
1596* 163 164 186 186 80 81 36 37 
-— grade + 18 t 16 + 19 t 16 +9 + 10 £2 4:2 
. Maximal 181 179 197 196 81 80 43 44 
. . effort t11 + 11 + 15 + 16 t 11 +11 +7 +6 
(last minute) 
. Recovery 120 118 1891 200+ git 851 (no data 
(minute 2) +16 + 18 £122 t 17 + 12 + 11 collected) 





*24 subjects only. 
tP « 0.05 (difference between protocols). 
EP < 0.01 (difference between protocols). 


Treadmill speed was a constant 3.3 miles/hour for both protocols. vo, = oxygen consumption. 
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Within-Subject Variability (i.e., Protocol Reproducibility) Expressed as 1 Standard Deviation by Protocol and Measurement 


at the Protocol Times Indicated 
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Heart Rate Blood Pressure (mm Hg) VO, | 
A (beats/min) Systolic Diastolic (cc/kg-min) 
est 
Period Balke USAFSAM Balke USAFSAM Balke USAFSAM Balke USAFSAM 
596 grade 5 7 15 14 7 7 1.46 1.58 
(25 subjects) | 
1096 grade 6 6 16 17 7 8 1.53 1.55 
(25 subjects) | t 
1596 grade 5 5 14 18 8 9 1.91 TOi 
(19 subjects) | 
Maximal effort 5 5 15 19 7 8 287 2.82 
(last minute) | l 
(26 subjects) 
Recovery 7 7 14 12 8 10 (no data collected) 
(minute 2) 


(25 subjects) 





There were no significant between-protocol differences. VO, = oxygen consumption. 


measured with auscultation, with phase V (cessation) taken 
as the diastolic end point. Expired air was collected using a 
mouthpiece and nose clip, Koegel’s valves and turret, and 
weather balloons. Gas volume measurements were made using 
a Tissot spirometer and correcting for pressure and temper- 
ature. Carbon dioxide concentration was measured with a 


_ Beckman LB-1; oxygen concentration was measured with a 


Beckman E-2 analyzer. Gas analyzers were calibrated for each 
test with gases analyzed with the micro-Scholander technique. 
Blood pressures and expired air were measured at each 5 
percent increment in grade and at maximal effort. 

Each subject was encouraged to perform a maximal test 
effort; maximal was defined as that point at which the subject 
felt that he could not walk another full minute. Time and 
other information were withheld from subjects so that their 
performance would not be influenced by these cues. Subjects 
were not allowed to use the treadmill handrails for support 
during the procedure. 

Comparison of data: All measurement data from each 
treadmill test were entered into a computer data base. Specific 
time periods were selected for data analysis and subsequent 
between-protocol comparisons. These time periods were 
minutes 5, 10 and 15 in the Balke-Ware protocol and minutes 
6, 9 and 12 inthe USAFSAM protocol (for 5, 10 and 15 percent 
grade submaximal work loads, respectively), the last minute 
of exercise (called maximal effort) and minute 2 of the supine 
recovery period. 

Major emphasis was placed on a comparison of data ob- 
tained from the Balke-Ware protocol with data obtained from 
the USAFSAM protocol (Table II). This comparison was ac- 
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FIGURE 2. Illustration of the 10th, median (*) and 90th percentiles for 
USAFSAM maximal (MAX) treadmill time by the indicated age decades. 


` These data were taken from 295 healthy USAFSAM consultation pa- 


tients. (Number of patients — 84, 156 and 55 for the youngest to oldest 
age decades, respectively.) 


complished for each measurement at each selected protocol — 


time period using a repeated measurements analysis of vari- 


ance. As already stated, the number of subjects performing 


L! 


one protocol sequence (that is, Balke-Ware followed by - 


USAFSAM ) differed slightly from the number of subjects 


performing the opposite protocol sequence. Hence, to avoid — 


bias due to possible protocol sequence effects, all statistical 
comparisons were performed on unweighted overall protocol 
averages (that is, for each protocol, equal consideration was 


given to the influence of the two protocol sequences). Be- - 


tween-protocol comparisons would not have been valid had 
learning effects associated with one protocol sequence differed 


from learning effects associated with the opposite protocol — 
sequence. However, there was no evidence from analysis of | 


variance that overall protocol responses differed from each 
other because of learning effects. ! 

Finally, within-subject sample variances were computed 
for all measurements, time periods and protocols; these values 
were taken as estimates of protocol reproducibility (Table III). 
Reproducibility between the two protocols was then compared 


using statistical procedures for testing the homogeneity of 


correlated variances. 


Laboratory Results 


Subjects in the investigation were studied in three separate 
age groups because age is believed to have some effect on 
treadmill performance. However, in a preliminary analysis of 
variance, no important differences in treadmill response were 


found among age groups and there was no evidence that age © 


interacted with other factors of interest (that is, protocols, - 


protocol sequences). The data were therefore pooled and age - 


was ignored as a variable in subsequent analysis and data 
presentations. Àn absence of difference in response due to age 


can be attributed to subject selection favoring relatively fit — 


persons, and to the small number of persons within each age 
group. i 


Data for comparison of the USAFSAM and Balke-Ware . 
treadmill protocols are shown in Table II. Heart rate, systolic — 
blood pressure and oxygen consumption increased with in- - 


creasing levels of exercise in both protocols; diastolic blood _ 
pressure remained relatively constant. Only four measure- _ 


ments differed statistically between protocols, and three of 
these were blood pressure readings. Because there were no 


large or consistent differences between protocols, we conclude | 
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PN that is PN produce the same TE response 
_ for the time periods of equivalent work load studied. 

_ Within-subject sample variance was computed with use 
of measurement, protocol time periods and protocol; these 
data were converted to standard deviations (SD = Vyar.) 
. (Table III). There were no significant between- protocol dif- 
E _ ferences for any of the indicated measurement pairs. Thus, 
— both protocols appeared equally reproducible. 

E _ The single measurement showing a consistent between- 
d y protocol difference was maximal treadmill time. Overall, 

__ Balke-Ware maximal time was 19.1 + 4.1 minutes compared 
e _ with USAFSAM average maximal time of 14.5 + 2.2 minutes; 

this reduction in exercise time (24 percent) was highly sig- 
nificant (P <0.001). The reduction in walking time, the sim- 
E bots of the physiologic response and the ease of gathering 
_ physiologic data led us to begin using the USAFSAM rather 
~ than the Balke-Ware treadmill protocol for routine clinical 
tests. 

S ; 


E Clinical Experience 


cm In 1976 the USAFSAM treadmill protocol replaced 
^ -. the Balke-Ware protocol at the USAF School of Aero- 
^ _ space Medicine for the routine cardiovascular screening 
— of referred ambulatory aircrewmen. No problems have 
AR been encountered with its implementation and use, and 
a our technicians have favored its simplicity. The re- 
T ad duction i in time to maximal effort has increased labo- 
— ratory efficiency. Patients returning for annual fol- 
-low-up examinations who were previously tested with 
» he Balke-Ware protocol have made generally favorable 
k | comments. 
_ Asymptomatic subjects: We reviewed the medical 
F records of all asymptomatic aircrew personnel who 
Pa completed treadmill testing under the new USAFSAM 
treadmill protocol; a group of 295 subjects were iden- 
. tified as having normal cardiovascular and cardiopul- 
monary examinations. The treadmill data from these 
295 subjects were subsequently summarized with use 
of measurement (heart rate and blood pressure) and 
protocol time periods (control period, selected sub- 
- maximal levels, maximal effort and recovery) using a 
nonparametric approach described earlier. The results 
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of this approach ed us with 10th and 90th per- 
centile limits for each measurement and protocol time 
period selected. These percentile values were ther 
compared with reference percentile values previously 
established and reported for the Balke-Ware protocol.‘ 
Reference values from the two protocols during the 
control period and at submaximal and maximal effori 
were closely similar; differences were small and in- 
consistent. On the other hand, recovery period date 
showed a difference, with blood pressure percentile 
limits having a higher numerical value than the corre- 
sponding percentile limits from the Balke-Ware pro- 
tocol. Time to maximal effort was significantly reduced. 
and reference values are illustrated in Figure 2. We 
conclude that these findings reaffirm the comparability 
of the two protocols, except for maximal time, and jus- 
tify the use of reference values derived from our popu- 
lation study? when using the USAFSAM treadmill 
protocol. 

Patients suspected of having coronary artery 
disease: In 1976 the new USAFSAM treadmill protocol 
replaced the Bruce protocol in the Wilford Hall USAF 
Medical Center exercise laboratory. Testing in this 
setting was performed largely either to confirm a diag- 
nosis or to follow the course of patients with suspected 
coronary atherosclerotic heart disease. In some patients, 
usually women or older subjects, the 3.3 miles/hour 
walking speed was too fast for their stride; these patients 
began treadmill walking at a 2.0 miles/hour speed that 
in most was increased by increments to 3.3 miles/hour 
at a subsequent protocol stage. This approach has been 
useful because available reference values apply once the 
3.3 miles/hour walking speed is achieved. The response 
to this change in protocols has been favorable. 
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A prospective study was carried out to evaluate accuracy of a real t 
computer system for arrhythmia monitoring in a coronary care unit. ( 
complexes in 57 continuously recorded 30 minute electrocardiogra| 
rhythm strips from 30 patients were classified by the computer. Blin 
interpretation of each beat was made by a cardiologist. A total of 146, 
QRS complexes were classified during the monitoring period of 1, 
minutes. The accuracy rate of computer detection was 99.94 perc 
During this period 67 artifacts were identified as beats. | 

The computer correctly identified 5,467 of 5,729 ventricular prema 
beats (accuracy of detection rate 95.43 percent). The incidence ral 
false positive diagnosis of beats other than ventricular ectopic beats 
0.1 percent. The rate of computer accuracy in detecting ventricular 
mature beats was 93.33 percent in two patients with atrial fibrillatio 
individual patients, computer interpretation did not deviate from 
cardiologist's interpretation by more than 1 beat/min. The rate of comp 
accuracy in detecting supraventricular premature beats was lower (8 
percent). 

The distinctly improved accuracy of computer monitoring of ventric 
arrhythmia in a coronary care unit reported is the result of a new algori 
This approach combines major elements of cross correlation of ! 
signals as well as grouping of complexes into families. Normal and 
normal templates are stored and newly detected QRS complexes 
matched. The program appears to be sufficiently accurate to war 
further applications. 


A major contribution of the intensive coronary care unit in the r 
agement of acute myocardial infarction has been the early detection 
prompt suppression of life-threatening arrhythmias.'” A signifi 
reduction in mortality has resulted from improved monitoring facil 
However, Romhilt et al.? reported that specially trained nurses t 
conventional monitoring methods identified only 64.5 percent of pat 
with ventricular ectopic beats and only 17.2 percent of those with se: 
ventricular arrhythmias. The average time delay was 18 hours fo 
tecting ventricular ectopic beats and 10 hours for detecting sei 
ventricular arrhythmias. Recent studies^? have shown that seriou 
rhythmias such as paired and multifocal ventricular ectopic beat 
likely forerunners of ventricular tachycardia and fibrillation. Hen 
more accurate monitoring system would be expected to result in fui 
reductions in mortality of acute myocardial infarction with the ins 
tion of measures to prevent life-threatening arrhythmias. 
Various computerized systems have been developed for auton 
rhythm analysis.9-1? The Argus-Aztec system developed by Cox e 
uses measurements of QRS width, offset, amplitude and area to cla 
complexes into morphologic families." Early results with this appr 
have been encouraging and several computerized systems have 
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minor modifications of this approach. In one study,® the 
system accurately detected 78 percent of ventricular 
_ ectopic beats. However, movement artifacts or con- 
- duction defects, or both, were associated with significant 
error rates. A similar system developed by Yanowitz et 
- al.? used the simpler criteria of prematurity and width 
but required more operator assistance in the setting of 
_ thresholds. The accuracy of detecting ventricular ec- 
i - topic beats was increased to 90 percent but, because of 
excessive error rates, the authors advocated against 
- widespread clinical use of the system. Another system 
reported by Feldman et al.!? depends on QRS recogni- 
tion, and uses cross correlation to compare QRS shape 
with that of a stored complex. Since an artifact detected 
by their QRS detector is unlikely to have a high corre- 
ation coefficient with the normal complex, it will also 
be classed abnormal and falsely detected as an ectopic 
- beat. The results derived from 4 hours of taped material 
rich in ventricular ectopic activity and from the moni- 
toring of four coronary care unit patients with signifi- 
cant ventricular arrhythmias were inconsistent and not 
significantly better than those reported by Yanowitz et 
- al. The overall accuracy rate of computer identification 
of 141 ventricular premature beats was 71 percent. 

A new algorithm for arrhythmia analysis has been 
“developed by Arnold et al.!415 Their approach combines 
the major elements of cross correlation of QRS signals 
Lo as grouping of complexes into families or clusters. 

s report describes results of a clinical study evalu- 
_ating the accuracy of this system in 30 patients admitted 
-to a coronary care unit. The accuracy rate of ventricular 
premature beat detection exceeded 95 percent in more 
than 5,000 ventricular premature beats observed during 
1 ,710 minutes of on-line monitoring. 


Material and Methods 


Thirty coronary care unit patients (23 men and 7 women) 
fore in age from 20 to 87 years were included in the study. 
enty-four patients had an admission diagnosis of probable 
or definite acute myocardial infarction, and the remaining six 
were admitted for monitoring of suspected serious arrhyth- 
mias. The criteria for excluding patients from the study were: 
(0) the presence of an idioventricular rhythm or a stable slow 
ventricular tachycardia as the dominant rhythm, and (2) the 
presence of a dominant pacemaker rhythm. 

Because the computer program does not recognize a pace- 
maker spike, errors in interpretation may occur when pacing 
is intermittent. Similarly, the program will identify the 
dominant underlying QRS beats as the normal complexes. 
‘Thus, idioventricular rhythm with intermittent sinus capture 

may result in erroneous interpretations. 


Study Design: Data Acquisition 


. On completion of the initial patient admission and diag- 
Mic studies by the resident staff, a continuous 30 minute 
recording of an electrocardiographic rhythm strip was ob- 
tained. Individual QRS complexes in the record were labeled 
by the computer. Two additional 30 minute continuous rec- 
ords were obtained subsequently, one while the patient ate 
his first meal, generally 24 to 48 hours after admission; this 
record was thus obtained at a time when artifacts are fre- 
quently encountered as a result of arm movements. Another 
30 minute strip was obtained whenever a nurse during routine 
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monitoring observed increased ectopic activity. In three pa- 
tients who died within the first 12 hours, only the admission - 
strips were recorded. Nurses took routine care in the appli- 
cation cf electrodes. They were instructed to select a lead with 
a QRS amplitude at least twice the amplitude of the T wave. 
The patients were not preselected except for exclusion on the 
basis ofthe criteria described. A new patient admitted to the 
coronary care unit at any time of the day or night was entered 
into the study. No computer personnel were required to check 
or modify signal acceptance by the computer. 

A trained cardiology technician scanned the rhythm strips 
and selected two 30 minute strips based solely on the presence 
of frequent arrhythmias. A total of 120 patients with two or 
more electrocardiographic strips formed the data base. Thirty 
patients who had arrhythmia-rich records were included in 
this study. In 27 patients, two 30 minute records per patient 
were analyzed, and in 3 patients who died during the first two 
days of monitoring, one record each was available for detailed 
analysis. 


Data Analysis 


Blinded interpretation of each QRS beat was made by one 
of the two cardiologists. Computer interpretations of the beats 
were concealed from the cardiologist by covering the top 
portion of the rhythm strips. In case of a doubt in one cardi- 
ologist's mind, an independent review was made by the second 
cardiologist. Any conflict of opinion was resolved by joint 
consultation. The following diagnostic code was used by the 
cardiologist to label each beat: 

N = normal QRS beat either with sinus rhythm or in pres- 
ence o° atrial fibrillation. 

VE = ventricular or junctional escape beat. 

V = ventricular premature beat. 

F = fusion beats. 

E = early ventricular premature beat defined as more than 
50 percent premature. 

P = the second in a pair of two consecutive ventricular 
premature beats. 

= ventricular tachycardia (a third and subsequent beat 
in a run of three or more ventricular premature beats). 

S —supraventricular premature beats. . 

SA = aberrantly conducted supraventricular beats. 

? = questionable (inability to classify from the available 
recorcings). 

The cardiologist’s interpretation and labeling of each QRS 
complex was matched against the computer interpretation. 
The computer classified the beats as N, V, P, *, S or ?, and this 
classification differed in the following respects: (1) Fusion 
beats (F) were not separately classified but labeled as V. (2) 
Junctional or ventricular escape beats (VE) were not so 
identified because specific diagnostic criteria were not in- 
cluded in the algorithm. (3) Aberrant conduction of supra- 
ventricular beats (SA) was not identified. (4) Computer la- 
beling of a nonexistent beat was identified as misinterpreta- 
tion of an artifact as a QRS complex. (5) Absence of computer 
labeling of a QRS complex identified by the cardiologist was 
classified as M or missed beat. 


Computer System 


The system (Clinical Monitoring System, B-D Electrodyne 
Inc.) is implemented on a Data General Nova 2 computer with 
16K words of core and has the capability of monitoring up to 
16 patients simultaneously. Approximately 4K words of core 
are used by the arrhythmia program. The remaining memory 


* Average prematurity = beat prematurity for new beat + 3/4 av- 
erage prematurity + 1/4 beat prematurity for beat seen gio 
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FIGURE 1. Diagram illustrating detection of a low amplitude ventricular 
premature beat. After detection of a normal beat at point A, the 
threshold is set at 75 percent for 300 msec until point B, and then drops 
to 50 percent. If no beat is detected after reaching 1.25 X the RR in- 
terval at point D, a backward search is initiated at a 28 percent threshold 
level. On detection of the low amplitude ventricular premature beat at 
point C, processing resumes at point D at a 50 percent threshold 
level. 


is used to monitor other variables such as pressures, respira- 
tion and temperature for the storage of trend data and for 
general supervisor routines. 

Electrocardiographic data are acquired as eight bit samples 
at a sample rate of 120 hertz. The sample rate gives a theo- 
retical frequency response of 60 hertz which, although too low 
for electrocardiographic diagnostic programs, is adequate for 
the detection of arrhythmias. The raw data are digitally fil- 
tered by a time domain bandpass filter with an approximate 
bandpass of 5.6 to 21.0 hertz. This filter combined with a 60 
hertz notch filter eliminates a substantial amount of baseline 
shift, muscle noise and power line interference. Periods of high 
muscle noise are detected by measuring the high frequency 
content of the signal. A noise measure (NM) is computed by 
the equation 


31 +1 > 
NM (tn) = 32 NM (tn — 1) 32 abs [X(tn)] 


(where X is the second derivative of the input signal). The 
noise measure is compared with the amplitude of the normal 
QRS complex; any period during which it exceeds 16 percent 
of the amplitude of the filtered normal QRS complex is flagged 
as noisy and beat detection is suppressed. Any period during 
which the amplitude of the incoming signal exceeds 2.5 mv for 
longer than 67 msec is also flagged as noisy. 

QRS detection: An additional time domain filter closely 
approximating a matched filter for QRS complexes is used for 
QRS detection.!6 The ratio of the amplitude of the output of 
the filter to the amplitude of normal QRS complexes is com- 
pared with a threshold. This threshold is set to 75 percent for 


- 800 msec after detection of a QRS complex and then drops to 


50 percent, thus inhibiting detection of T waves without jeo- 
pardizing detection of R-on- T phenomena. If no QRS complex 
has been detected for a period 1.25 times the average R-R 
interval and the preceding beat was normal, the threshold is 
reduced to 28 percent and a backward search of the data for 
a low amplitude ventricular premature beat is initiated (Fig. 
1). Detection of a noisy period terminates this search and the 
algorithm assumes that the complex was lost in noise. This 
backward search ensures that the system will detect low am- 
plitude ectopic beats followed by a compensatory pause. 
Detected QRS complexes are compared with a list of pre- 
viously detected complexes using cross correlation. Any 
complex that does not correlate better than 0.9 with a pre- 
viously stored complex is considered to have a new configu- 
ration and is added to the list. Twenty-four points of the 
complex, including part of the P-R interval and S-T segment, 
are stored as a template for future comparison. If the config- 


uration is not seen again for 500 complexes it is discarded. If 
 acomplex matches an existing template it is averaged into that 
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PREMATURE YES YES. E NESS 
SEEN BEFORE NO YES NO 
COMPENSAT. PAUSE YES NO NO 
f oy 
VPB VPB — NOISE 


FIGURE 2. Diagram to explain the ventricular premature beat (VPB) 
algorithm. The third beat is detected as not matching the normal tem- 
plate; it is premature and followed by a compensatory pause and is - 
labeled a ventricular premature beat. A template of this beat is stored. - 
The fifth beat has an abnormal template that matches the stored tem- 
plate; it is premature but not followed by a pause and is called a ven- 
tricular premature beat. The artifact after the sixth beat reaches a 
threshold of detection; it is premature but does not match an existing 
template and is not followed by a pause. Hence, it is not labeled a 
ventricular premature beat. Similarly, an interpolated ventricular pre- - 
mature beat occurring for the first time will not be so labeled. 
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template on a point by point basis. Thus each template rep- 
resents a running average of all complexes of a particular 
configuration and it changes over time to follow slow changes 
in configuration. A 

Classification of QRS complexes: As soon as a configu- 
ration has been seen more than once it may be classified as. 
normal, abnormal or questionable by the system. The classi- 
fication of an individual complex is determined by the clas- 
sification of the template that it matches. A complex that is 
not premature and that matches a normal template is declared 
normal. One that is more than 20 percent premature and that 
matches a normal template is declared a supraventricular 
premature beat. One that matches an abnormal template is 
declared a ventricular premature beat. If a complex matches 
no template or matches one classified as questionable it is 
generally declared questionable. If it matches no template and 
is interpolated it will be stored as a new template, but no 
classification is made since it is likely to be noise. A new beat. 
that does not match an existing template will be called a 
ventricular ectopic beat only if it is premature with a com- 
pensatory pause. This feature of requiring a ventricular pre- 
mature beat to have been seen before (Fig. 2) is responsible 
for much of the noise rejection characteristics of the system. 
A more complete description of the classification rules appears 
in Table I. 

Proper classification of individual complexes is dependent 
upon proper classification of templates. Reliance on complex 
width for such classification, as described by Nolle and Clark,’ 
was found to produce errors resulting from conduction defects 
or from low amplitude baseline noise. Classification of a 
template is therefore based upon width as well as the average 
prematurity of all complexes matching that template. Atrial 
fibrillation or sinus arrhythmia can produce errors in a system. 
that relies on an individual measurement of prematurity. By 
utilizing the average prematurity of several complexes of the 
same configuration these errors become insignificant.* Width. 
measurements are made on the stored template rather than 
on the incoming complex. Since the template represents an 
average of at least two complexes, noise is reduced with a 
subsequent reduction of errors in width measurement. 
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TABLE I 
Template Classification Rules 





Classificatior of Stored Complexes 








" Classify an Unclassified Classify an Unclassified Unclassify an Unclassify All 
Ü Template Abnormal If Template Normal If Abnormal Template If Templates If 
» ..— Template population >1 >5 m d 
| A Template average «7/8 «15/16 215/16 x ug 21 
: prematurity 
— A Beat width 283.3 msec »Norm* 


Correlation with 
normals* 
Other There is at least one 
norma! template 


«others + 8.2 msect. 


>0.85 >0.85 


Atrial fibrillation present The last 21 beats 


have not been 
classified normal 
and there are no 
normal templates 





* That is, greater than 8.3 msec plus a running average of the width of recent normal beats. 
. 1 That is, there is no current normal template whose width plus 8.3 msec is less than this beat's width. 
-+ That is, the running average correlation coefficient with the nearest normal template. 


- . To be classified normal, a template must have been seen at 
— least five times, must be no more than 6.25 percent premature 
X on the average and must be no more than 8.3 msec wider than 

any other complex seen more than once. To be classified ab- 
. normal, a template must have been seen more than once and 
. must be either wider than 83.8 msec and more than 12.5 per- 
. cent premature on the average or wider than the current 

normal width and more than 6.25 percent premature. Some 

changes of these rules occur when atrial fibrillation is detected. 
- Amore complete description is given in Table II. 


TABLE II 


Classification Rules for Normal and Abnormal Templates 
in Patients With Atrial Fibrillation 


If a beat matches a normal template it is classified a norma! 
or a supraventricular beat (SVPB) as follows: 


Without Atrial With Atrial 

Fibrillation Fibrillation 
E . .. Previous Previous Previous Previous 
. .Pre- Beat Beat Not Beat Beat Not 
. maturity Normal Normal Normal Normal 
` 0—20% . Normal Normal Normal Normal 


- >20% SVPB Normal Normal Normal 


Lf a beat matches the abnormal template it is classified a ventricular 
. premature beat. 


à If a beat matches the unclassified template it is discarded as an arti- 

.. fact if: 

It matches no existing template, it has noise where the S-T segment 

_ should be and the system is not searching backward (no template 
is saved). 


. It follows the preceding beat by less than 300 msec, is less than 75 
. per cent of that beat's amplitude and the system is not searching 
backward. 


Slt is interpolated, the following beat matches a normal template 
|. and there is no atrial fibrillation. 


Otherwise it is classified a ventricular premature beat if: 
= it is premature with compensatory pause, the following beat 
matches a normal template and there is no atrial fibrillation. 
. Otherwise it is classified questionable (?). 


~ 


Detection of atrial fibrillation: A separate algorithm 
based upon the measurement of intervals between normal 
complexes is used to detect atrial fibrillation. These intervals 
are classified as short (S), regular (R) or long (L) by comparing 
them with 90 and 110 percent of the running average R-R 
interval. The frequency of occurrence of each of the nine 
possible pairs of intervals (SS, SR, SL, RS, etc) was measured 
in patients with sinus arrhythmia, frequent supraventricular 
premature beats and atrial fibrillation. From these frequencies 
the probability of each pair in these arrhythmias was com- 
putec as described by Gersch et al.!? and the data stored in 
the ccmputer. A running average of the probability that atrial 
fibrillation is present is computed for each patient, and when 
this probability is greater than that of sinus arrhythmia or 
frequent supraventricular premature beats, a rhythm classi- 
fication of atrial fibrillation is made. This classification in- 
hibits classifying a beat as supraventricular and is used to 
modi-y some of the rules for detecting ventricular premature 
beats (Tables I and II). Because a running average is used, a 
minimum of 16 pairs and an average of 30 pairs of intervals 
must be seen before atrial fibrillation is detected. Occasionally 
a long run of regular-regular pairs will cancel the diagnosis for 
some time. This time delay and the occasional dropouts ac- 
count for the number of false detections of supraventricular | 
premature beats in patients with atrial fibrillation. 


Results 


The overall results of a total of 1,710 minutes of 30 minute 
contmuous real time monitoring in 30 coronary care unit pa- 
tients are summarized in Table III. The cardiologists' inter- 
pretations of the QRS complexes were accepted as reference 
for computer accuracy. Sixty-seven beats labeled as ques- 
tioneble by the cardiologists with no final interpretation were 
excluded from further analysis. A total number of 146,638 
QRS complexes were classified by the cardiologists. The 
computer missed 98 of these (0.06 percent); thus the accuracy 
rate for beat detection was 99.94 percent. During this entire 
peried 67 artifacts were identified as beats. 

Normal QRS complexes: Normal QRS complexes in- 
cluded normal sinus beats in 28 patients and normally con- 
ducted supraventricular beats in 2 patients with atrial fibril- 
lation. The cardiologists classified as normal 139,657 beats, 
of which the computer identified 99.47 percent accurately. 
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VPB DETECTION 
ATRIAL FIBRILATION 


CARDIOLOGIST 
NOT 
VPB 


ALL CASES 


. .. CARDIOLOGIST 
NOT 


NOT VPB 
140,780 | 262 
[99903] | [4.57% 


em [n- 
10,043 
[99.55%] id 
mt | 5480 
[0.102**] | [95.43%] VPB | to453*] | [03.321] 
TOTALS 140,926 — 529 TOTALS 10,088 


FIGURE 3. A comparison of ventricular premature beat Pes detection 
by the cardiologist and the computer in all patients (left panel). Results 
in two patients with atrial fibrillation are shown separately (right panel). 
The number of beats is shown in each box with percentages in brackets. 
Single and double asterisks indicate, respectively, false negative and 
false positive responses by the computer. 









COMPUTER 
COMPUTER 





The computer labeled 326 beats (0.23 percent) as supraven- 
tricular premature beats, 86 beats (0.06 percent) as ventricular 
premature beats, 298 beats (0.21 percent) as questionable; 27 
beats (0.02 percent) were missed. Of the 326 beats misclassi- 
fied as supraventricular premature, 288 occurred in the 
presence of atrial fibrillation. 

One patient in this study had sinus rhythm with complete 
left bundle branch block. All the normal beats were so clas- 
sified in this patient. Intermittent bundle branch block did 
not develop in any patient during the duration of the 
study. 

Ventricular ectopic beats (Fig. 3): If one combines all 
beats classified by the cardiologists as ventricular premature 
beats, early or paired ventricular beats, ventricular tachy- 
cardia and fusion beats, there was a total of 5,729 ventricular 
ectopic beats. The computer accurately classified 5,467 of 
these beats (accuracy rate of detection 95.43 percent). Of the 
remaining 262 ventricular beats (4.57 percent of all ventricular 
ectopic beats misclassified by the computer), 170 (2.97 per- 
cent) were labeled questionable and 69 (1.20 percent) were 
missed. One hundred forty-six beats were erroneously labeled 
ventricular ectopic beats, giving a 0.10 percent incidence rate 
of false positive diagnosis. The erroneously labeled beats in- 


—— 
Cn 


CARDIOLOGIST, VPB RATE bpm 





COMPUTER, VPB RATE bpm 


FIGURE 4. A comparison graph of average rate of ventricular premature 
beats (VPB) in each patient as detected by the cardiologist and the 
computer during the entire period of monitoring. The hatched area 
— includes a deviation of 1 beat/min from the line of identity. 
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TABLE III 


Comparison of Cardiologist's and Computer's 
Classification of All Beats 





Cardiologist Classification 





Computer ee oan a ee ee 
Classification Normal VPB SVPB 
Normal 138,920 20 . 163 
VPB . 86 5,467 43 
SVPB 326 3 1,029 

? 298 170 , 11 
Missed 27 69 2 
Totals 139,657 5,729 1,248 


——_— (OG 


The cardiologist's VPB category includes all ventricular ectopy. 
(that is, single or paired premature beats, run of ventricular tachy- | 
cardia or fusion beats). The SVPB category includes all normally and ` 
aberrantly conducted supraventricular premature beats. E 


cluded 17 artifacts and 31 aberrantly conducted supraven- 
tricular beats. 

Two patients with atrial fibrillation had a total of 10,546 - 
beats, of which 458 were ventricular ectopic beats. 'T'he com- 
puter accurately identified 427 of these beats (93.33 percent). - 
Forty-five beats were erroneously labeled ventricular beats | 
(false positive rate 0.45 percent). 

Accuracy of ventricular premature beat detection 
among patients: Ventricular ectopic beat detection was an- 
alyzed in individual patients to determine how well the overall 
accuracy rate was reflected in each patient. Figure 4 graphi-- 
cally illustrates the findings, expressed as beats per minute — 
for each patient averaged over the monitoring period. In no 
instance was a deviation of more than 1 beat/min observed. | 
Thus the high overall accuracy rate was representative of the 
accuracy in each individual patient. The greatest deviation 
from the line of identity was seen in some patients avaram - 
less than 2.5 ventricular premature beats/min. 

Fusion beats: Seventy-one fusion beats were beer 42 
of these (58 percent) were classified as ventricular premature 
beats, 24 (34 percent) as questionable and 4 as normal; 1 fusion 
beat was missed. 

Supraventricular ectopic beats (Fig. 5): Atrial and 
junctional premature beats as well as aberrantly conducted 


SVPB DETECTION 


ATRIAL FIBRILLATION 
SU 


NOT SVPB | SVPB 
Nor | 10,253 
SVPB| [97.27%] 


SINUS RHYTHM 


‘CARDIOLOGIST 
SVP 


ta 
[99.97%] 7.551* 
1,029 
TOTALS 134,849 1248 TOTALS 10,541 


*FALSE NEGATIVE 
**FALSE POSITIVE 


FIGURE 5. A comparison of supraventricular premature beat (SVPB) 
detection by the cardiologist and the computer in patients with sinus. 
rhythm on (left panel) and atrial fibrillation (right). Single and double 
asterisks indicate, respectively, false negative and false positive re- 

sponses by the computer. False detection of supraventricular premature 

beats during atrial fibrillation represented a transitional phase froma 
regular to an irregular supraventricular rhythm. | 











C ALTI ER 
COMPUTER 








a anma "^ | LK dt AANA AAN alea Of FAC 


AU I UMA HU NEAL HVE ANN T ! ruv IVIVJINE PININ ONAN CI AL. % S 
] r6 1 - © Å o E 


= supraventricular beats were included as supraventricular 


premature beats. In the presence of atrial fibrillation all su- 
- praventricular beats, including those aberrantly conducted, 


. were classified as normal QRS beats by the cardiologists. The 


E classified 1,248 beats as supraventricular ectopic; 


— 1,029 of these were correctly diagnosed by the computer (rate 


fof accuracy 82.45 percent). One hundred sixty-three beats 
MU 18. 06 percent) were mislabeled normal, 43 beats (3.45 per- 


f cent) were mislabeled ventricular and 11 (0.88 percent) mis- 
- labeled questionable; 2 beats were missed. Supraventricular 
— beats were erroneously diagnosed in 329 instances (false 
— positive incidence rate 0.22 percent); the vast majority (288 
. of 329) misdiagnoses occurred in patients with atrial fibril- 
lation. In 28 patients with sinus rhythm, a false positive rate 


of 0.03 percent and a false negative rate of 17.55 percent were 
. noted. Although a significant number of supraventricular 
B beats were missed, computer labeling was generally accurate 


- with underlying sinus rhythm. Three ventricular premature 


. beats were misdiagnosed as supraventricular. 

Paired ventricular ectopic beats and ventricular 
tachycardia: One hundred thirty-one instances of paired 
. ventricular ectopic beats were noted. A correct diagnosis was 


. made i in 105 instances (80.71 percent). The second of a pair 


was called a ventricular ectopic beat in 8 instances, and 


í E ailestionable in 13 instances, was missed in 3 instances and 


— labeled normal in 2. A total of 31 beats were identified as be- 
E: longing to a run of three or more ventricular beats (ventricular 


_ tachycardia). The computer diagnosis was accurate in 27 in- 
- stances (accuracy rate 87.10 percent). The four beats missed 


T occurred in two patients having a short run of four beats. Of 


- the total of 146,638 beats, 12 were erroneously interpreted as 


- beats constituting a run of three or more ectopic beats. This 


- occurred in three patients and yielded an overall false positive 


T. 


- incidence rate of 0.008 percent. These errors were due to ex- 
cessive muscle noise in patients having ventricular premature 
- beats. 


— Ventricular or junctional escape beats: Thirty late 
junctional beats with normal QRS or ventricular beats with 


. an abnormal wide QRS complex were labeled questionable by 
the computer. These beats were included for purpose of 
. analysis among the normal beats. 


f 


5 í 


Discussion 


Several potential advantages for computer moni- 
_ toring of the cardiac rhythm in a coronary care unit 
. include (1) more accurate on-line recognition of ven- 
tricular premature beats, (2) improved detection of brief 
episodes of potentially dangerous arrhythmias (ven- 


_ tricular tachycardia, for example), (3) data storage and 


. retrieval for trend charts or summary reports, (4) 
~ quantitative measurement of response to drugs, and (5) 


$ potential financial savings with more effective use of 
_ personnel. Despite these potential advantages, wide- 
_ spread use of computer monitoring has been slow in 


; developing. Two major reasons are the unusually high 
- incidence rate of false negative detection of ventricular 


. ectopic arrhythmias and the poor rate of artifact re- 


. jection. The electrocardiographic signal in the coronary 
- care unit has been more complex than was appreciated 


TE 
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earlier. 
. Oliver et al? reported their experience with the 
Argus-Aztec system developed at Washington Univer- 


. sity for continuous multipatient monitoring of elec- 
. trocardiographic rhythms. This was an early systematic 
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attempt to evaluate the accuracy of the computer pro- 
gram in coronary care unit patients. The overall de- 
tection rate of ventricular premature beats in 34 pa- 
tients was 78 percent (22 percent false negative results). 
'Fhe rate of false positive diagnosis or misidentification 
was 0.4 percent. Several factors contributed to computer 
errors, including noisy data, improper gain setting and 
similar QRS duration for ventricular premature beats 
and normal beats. 

Yanowitz et al.? utilized a similar Aztec program to 
evaluate the accuracy of a continuous real time elec- 
trocardiographic arrhythmia monitoring system. They 
adjusted certain variables in the Aztec and recognition 
program before beginning real time data collection. For 
instance, a criterion for “wide QRS” was set to a value 
about 30 msec longer than the normal QRS complex for 
each patient. This resulted in significant improvement 
in detection of ventricular ectopic beats in 28 patients. 
Among 33,500 beats in 415 minutes of study, 3,163 
ventricular premature beats were identified by the 
cardiologist and 90 percent of these were correctly 
identified by the computer. The false positive rate was 
less than 1 percent. A potential drawback to their ap- 
proach of variable adjustment is that a knowledgeable 
observer needs to initiate the program. They therefore 
concluded that the available computer programs were 
not useful for widespread application to patient care. 

Feldman et al.!° reported their clinical experience 
using a cross correlation technique that characterizes 
normal beats and subsequently compares new beats 
with the stored complexes. In their 16 patients the 
computer correctly identified 71 percent of ventricular 
premature beats. They claimed that a change in the 
prematurity criteria would give them an accuracy rate 
of 85 percent. A major shortcoming of this study is that 
a total of only two ventricular ectopic beats were present 
in 12 of 16 patients; thus, their results are truly repre- 
sentative of data from 4 patients. The accuracy rate of 
detection in these four patients after correcting for 10 
percent prematurity criterion was 60, 65, 69 and 100 
percent in presence of 20, 23, 81 and 15 ventricular 
premature beats, respectively. 

The results of our study are distinctly superior to 
those previously reported. False negative detection of 
ventricular premature beats was only 4.57 percent in 30 
patients. Mean detection rates estimated over a 30 to 
60 minute monitoring period in each patient did not 
vary between the cardiologist and the computer by more 
than 1 beat/min. Thus, the overall accuracy rates were 
reflected in the results in individual patients. 

Computer error: Although false negative errors were 
not restricted to a few patients, it was apparent that the 
computer mistakes were proportionately greater in 
some patients than others. Low amplitude ventricular 
premature beats were sometimes missed, especially the 
interpolated ones. Because the algorithm requires strict 
criteria for the classification of a ventricular premature 
beat configuration not previously identified, a ven- 
tricular premature beat when it occurred for the first 
time was often missed, especially if it was not at least 5 
percent premature and not followed by a compensatory 
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pause. 'This error was considered an acceptable com- 
promise in the design of the program in order to avoid 
false positive reading of artifacts. If the ventricular ec- 
topic beat occurred again during the next 2 to 3 minutes 
even without appropriate prematurity and pause, it was 
accurately labeled. The logic behind this program is that 
two artifacts are unlikely to resemble each other exactly. 
Our results seem to justify this approach because only 
about one artifact in 100 minutes of monitoring was 
mistaken for a ventricular premature beat although our 
study was performed in a coronary care unit environ- 
ment and no special attempt was made to minimize 
movement artifacts. Indeed, the protocol for gathering 
data while the patients were eating a meal tended to 
maximize artifacts. 

The accuracy rate of detecting paired ventricular 
beats was significantly less—80.71 percent in 131 epi- 
sodes. If both beats in a pair are of low amplitude, the 
backward search algorithm will detect only the second 
of the pair. In 21 of 26 missed episodes, the first of a pair 
was either missed entirely or called questionable. This 
occurred despite a rule in the algorithm that classifies 
a new complex as a ventricular premature beat if the 
following complex is identical. 

'The computer diagnosis was inaccurate in two in- 
stances of ventricular tachycardia. This is a potentially 
serious mistake, and each episode will therefore be 
considered in some detail. One episode was in a patient 
with sinus tachycardia with a heart rate of 100 beats/ 
min who had a short burst of “slow ventricular tachy- 
cardia" with four consecutive ventricular ectopic beats 
at a projected rate of 90/min. The episode was self-ter- 
minating after four beats and was missed by the com- 
puter. 'T'he second episode was a run of three consecu- 
tive beats, in which the first was labeled questionable 
(that is, not seen before) and the two subsequent beats 
were identified as paired beats. The program interprets 
fusion beats as ventricular, normal or questionable, 
depending on at least 5 percent prematurity, prior oc- 
currence of the template and resemblance of the beat 
to the normal beats. In this study 58 percent of fusion 
beats were interpreted as ventricular ectopic beats, 34 
percent as questionable, 6 percent as normal; 1 beat was 
missed. It is possible that a short run of ventricular 
tachycardia (three beats in succession) initiated by a 
fusion beat may be interpreted as paired ventricular 
beats if the first beat is incorrectly designated. False 
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positive diagnosis of Sarie tachycardia was made 
in three patients with one episode each of 6, 4 and 3 
beats, respectively. 

The diagnostic accuracy of supraventricular prema- 
ture beats was significantly less. This occurred largely 
because the diagnostic criterion depended merely on 20 
percent prematurity. This. level of accuracy of 82.55 
percent in patients with sinus rhythm is not sufficient 
for reliable application of the program in patients with 
supraventricular arrhythmias. However, in these pa- 
tients, the rate of false positive diagnosis is acceptably 
low (0.03 percent). Because detection of atrial fibrilla- 
tion by the logic used in this program depends on the 
frequency of occurrence of varying cycle lengths, a pe- 
riod of time must elapse between the onset of atrial fi- 
brillation and its recognition. During this interim pe- 
riod, premature beats with a normal appearing QRS 
complex are likely to be labeled supraventricular pre- 
mature beats. Although this error is inherent in the 
current approach, it is perhaps not too serious because 
it may draw attention to the onset of atrial fibrillation. 
Further development in the program will have to im- 
prove on the false negative rate without raising the false 
positive rate to more than 0.5 percent. An additional 
source of potential errors may be intermittent bundle 
branch block with sinus rhythm. The first few beats may 
be labeled questionable, but after five consecutive ab- 
errantly conducted normal sinus beats, such beats will 
be designated normal. 

Clinical implications: The present computer pro- 
gram for monitoring coronary care unit patients for 
ventricular ectopic rhythms is sufficiently accurate to 
warrant clinical application. The system has been in 
operation in our eight bed coronary care unit and is used 
by the trained nurses for real time monitoring of pa- 
tients. A study comparing the accuracy of conventional 
bedside alarms versus computer-triggered alarms will 
further delineate the accuracy of computer monitoring. 
The system is more valuable in obtaining trend charts 
of ventricular arrhythmias to monitor their incidence 
and the effectiveness of antiarrhythmic agents. A major 
advantage of the system is that no special computer 
personnel are required to initiate patients into on-line 
monitoring. Care in applying electrodes to obtain high 
quality signals and infrequent spot checks of computer 
error caused by tall T waves or unusually noisy signals 
are necessary for reliable use of the system. 
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Patients with double outlet right ventricle can be separated into four - | 
distinct groups. In the largest group (Group III), patients have a subaortic — 
ventricular septal defect and pulmonary stenosis and clinically resemble — 


patients with tetralogy of Fallot. In the next largest group (Group I), patients 


have a subpulmonary ventricular septal defect and no pulmonary stenosis 
and clinically resemble children with D-transposition of the great arteries — 
and a ventricular septal defect. These patients have a high rate of 
coarctation of the aorta leading to early congestive heart failure, and their 
overall prognosis is poor. In the next largest group (Group II), patients have 
a subaortic ventricular septal defect and no pulmonary stenosis. Their 
presentation is similar to that of children with a large ventricular septal 
defect and pulmonary hypertension. In the smallest group (Group IV), the 
ventricular septal defect is uncommitted. Survivors in this group also 
clinically resemble children with a large ventricular septal defect and 
pulmonary hypertension. When present, coarctation of the aorta and 
severe mitral valve abnormalities greatly influence the prognosis in double 
outlet right ventricle. Although the prevalence of associated cardiac ab- | 
normalities is large, asplenia, polysplenia, chromosomal abnormalities 
and other congenital noncardiac abnormalities occur in only 12.5 percent 
of patients with double outlet right ventricle. 


Double outlet right ventricle identifies a group of uncommon congenital 
cardiac lesions in which both great arteries arise predominantly above © 

the morphologic right ventricle. Although there is typically no continuity 
between the mitral valve and either semilunar valve, such continuity may 
sometimes exist and the patient still have double outlet right ventricle 

if the continuous root arises primarily from the right ventricle.! ae 

Double outlet right ventricle is not a single malformation but a spec- 

trum of conditions resulting from a lack of conotruncal inversion and 
a failure of ventricular shift leading to primarily right ventricular origin 
of the great arteries.? Because double outlet right ventricle is uncommon, 
and each of its subgroups relatively less common, previous series of cases 
have been reported by cardiac pathologists)? or by cardiac surgeons 
when patients who have survived infancy are referred for evaluation and 
total correction.9-1? Because the condition is frequently associated with . 
other cardiovascular abnormalities such as atrioventricular (A-V) canal 
defect, mitral stenosis or atresia and aortic coarctation or interruption,!! 
pathologists tend to see patients with associated severe abnormalities, 
whereas surgeons tend to see patients free of such lesions. Therefore, 
to examine the natural history of children with double outlet right — 
ventricle, we analyzed the data on all patients with this anomaly who — 
were referred to this hospital from 1956 through 1975. 


Case Material 


To review our clinical experience with double outlet right ventricle, we insti- 
tuted a computer search of the cardiac register of the Hospital for Sick Children!” 
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for all patients born from 1956 through 1975. The charts of all 
those ever coded as having double outlet right ventricle were 
reviewed and a register of patients with this diagnosis was 
established. Whenever possible, surgical or autopsy diagnosis 
was used to determine the presence of the anomaly. However, 
the angiographic diagnosis was used for patients who died and 
did not undergo autopsy and for patients who did not undergo 
open heart surgery. 
Eighty-seven patients born from 1956 through 1975 were 


= found to have double outlet right ventricle. Seven of these 
_ patients were classified as secondary referrals because they 


were first seen at ages 4 to 17 years for total correction after 
previous surgery elsewhere (four cases) or for revision of total 
correction (one case), confirmation of pulmonary vascular 


- disease (one case) or postcorrection follow-up after the family 


moved to Toronto (one case). 

_ Eighty patients were considered primary referrals and form 
the basis for this report. They included 70 children with le- 
vocardia, 9 with dextrocardia and 1 with mesocardia. Of the 
70 with levocardia, all had visceroatrial situs solitus and 
— concordant ventricular loop; in 69 of these the aortic valve was 

. tothe right of the pulmonary valve {S,D,D} and in 1 it was to 
. the left {S,D,L}.!° Of those with dextrocardia, seven had vis- 


= ceroatrial situs inversus, one had situs solitus and one had 


- visceral heterotaxia. The seven patients with dextrocardia and 


A situs inversus each had a concordant A-V relation and L- 


- malposition of the aortic valve {I,L,L}. The one patient with 


Ry mesocardia had situs inversus with a discordant A-V relation 


. and D-malposition of the aortic valve {I,D,D}. The children 
were included in the study on the basis of data obtained at 
autopsy in 31 cases, at open heart surgery in 12 cases and at 
angiography in 37 cases. Fifty-seven children (71 percent) were 

male and 23 female. All were referred between the ages of 1 


—— day and 4 years (median 2 months). 


Results 


JA Angiographic, surgical and autopsy data suggested 
that the patients could be grouped in four classifica- 
tions: Group I, those with a subpulmonary ventricular 
. septal defect and no pulmonary stenosis (26 cases); 
— Group II, those with a subaortic ventricular septal de- 
fect and no pulmonary stenosis (18 cases); Group III, 
those with a subaortic ventricular septal defect and 


x pulmonary stenosis (28 cases); and Group IV, those 


whose ventricular septal defect was uncommitted to 
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either semilunar valve (8 cases). Clinically the groups 
presented and progressed quite differently. 


Group I. Double Outlet Right Ventricle With 
Subpulmonary Ventricular Septal Defect 


There were 26 patients with double outlet right 
ventricle and subpulmonary ventricular septal defect 
(Taussig-Bing malformation),197 none of whom had 
pulmonary stenosis (Group I). Eighteen of these 26 
presented in the first 2 months of life (Fig. 1). The me- 
dian age at presentation was 5 weeks. Clinically these 
children resembled patients with D-transposition of the 
great arteries and ventricular septal defect; they pre- 
sented with cyanosis in 11 cases, congestive heart failure 
in 2 cases and both cyanosis and congestive heart failure 
in 13 cases. The chest roentgenogram usually showed 
a large heart with increased pulmonary vascularity and 
a prominent pulmonary arterial segment. Only one 
patient in this group had a right aortic arch. The mean 
aortic oxygen saturation at cardiac catheterization in 
these patients was 68 percent and the mean pulmonary 
saturation 82 percent. The group as a whole fared poorly 
and had an overall mortality rate of 69 percent (18 of 
26). Nine of the 18 deaths occurred before age 6 
months. 

Associated coarctation and mitral valve disease: 
Follow-up: The high mortality rate in double outlet 
right ventricle with subpulmonary ventricular septal 
defect (Group I) appears to be associated with a high 
rate of concurrent coarctation of the aorta. Eight of the 
26 children in this group (31 percent) had coarcta- 
tion—6 of them requiring coarctectomy at age 7 to 25 
days (Table I). Two died without surgery, five died 
shortly after surgery and the child with the most recent 
palliative operation survived coarctectomy but died 
after attempted total correction at age 18 months. Four 
patients also had significant mitral valve disease: ste- 
nosis (one patient), atresia (one patient) and straddling 
mitral valve (two patients) (Table II). Of those with 
mitral disease, only the patient with mitral atresia also 
had coarctation of the aorta, and he died at age 4 
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FIGURE 1. Diagrammatic representation of the 
age of referral of the 80 patients with double outlet 
right ventricle by subgroup. The median age of 
referral was less than 2 months except in those 
with subaortic ventricular septal defect (VSD) and 
pulmonary stenosis. 
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TABLE | 


Eight Cases of Double Outlet Right Ventricle With 
Subpulmonary Ventricular Septal Defect and 
Coarctation of the Thoracic Aorta 


Five children in Group I had intracardiac repair. _ 
Three died shortly after operation. Two of the three had 
mitral valve disease that was unrecognized before cor- 
rection; the third died of no apparent cause. A fourth 
child died more than a year postoperatively with un- 








T SENES ae A Re RAT? E ERR controllable ventricular tachycardia and severe tricus- - 
no. Birth (days) (days) (days) pid regurgitation. Only one patient is still alive (Table © 
10 1958 2 = 9 i m 
26 1964 2 4 4 Other associated lesions: No patient in Group I had ~ 
30 1964 19 25 49 the polysplenia or asplenia syndrome,!? and none had | 
d m us oy 5s an A-V canal defect.2° Two of the eight children with — 
52 1968 13 14 123 aortic coarctation had aortic valve stenosis (Cases 10 — 
E d. i : D and 26, Table I). Both died in the first 9 days of life. — 
mo 





There were no other cases of aortic stenosis in this series — 
of 80 patients. VUE 


All eight patients with double outlet right ventricle, subpulmonary 


ventricular septal defect and coarctation of the aorta have died, six 
after coarctectomy. 


months. The others died at age 5 months, 18 months 
and 8 years, respectively. 

Palliative or corrective surgery: Pulmonary ar- 
terial banding or total correction at an early age is re- 
quired to prevent pulmonary vascular disease in chil- 
dren with double outlet right ventricle and subpulmo- 
nary ventricular septal defect surviving early infancy. 
Although this fact has been known for some time, only 
recently have such children regularly survived palliative 
surgery. Of the 19 patients in Group I born before 1970, 
a total of 15 died, 3 have pulmonary vascular disease and 
1 has total correction. Of those born after 1970, three 
died and four have had palliative procedures and are 
awaiting further surgery. Three of the children with 
recent palliative procedures underwent repositioning 
of the atrial septum (Edwards procedure)!? to improve 
their aortic saturation at the time of pulmonary arterial 
banding. 


TABLE II 
Associated Cardiac Abnormalities in 80 Cases 
a Cp ay ACS Ts ie IRURE SE ENTRE CUN EL REPERITUR VOR 
Group III 
Group | Subaortic Group IV 
Subpul- Groupl! VSDand Uncom- 


monary  Subaortic Pulmonary mitted 





VSD VSD Stenosis) VSD 
(26 cases) (18 cases) (28 cases) (8 cases) 
Aortic coarctation or 8 3 — — 
interruption 
Mitral valve disease 4 5 1 
Aortic valve stenosis 2 — — — 
Total anomalous — — 1 
pulmonary venous 
return 
Atrioventricular canal — — 4 1 
Right aortic arch 1 of 25 1 of 16 7 of 23 1 of 6 
(in levocardia) 
Total 26 18 28 8 
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Coarctation of the aorta and severe mitral valve abnormalities 
were the two cardiovascular abnormalities most frequently asso- 
ciated with double outlet right ventricle. However, none of the 28 
patients with subaortic ventricular septal defect (VSD) and pul- 
monary stenosis had either of these abnormalities. 


Group Il. Double Outlet Right Ventricle With Subaortic - 
Ventricular Septal Defect Without Pulmonary Stenosis 


The 18 patients in Group II presented somewhat later - 
in life than those with the Taussig-Bing malformation | 
(Fig. 1). Many were believed to have a large ventricular | 
septal defect with pulmonary hypertension before — 
cardiac catheterization, but in two recent cases pre- - 
catheterization echocardiography correctly suggested — 
double outlet right ventricle rather than a high flow — 
ventricular septal defect.2! Two of the 18 patients had 
dextrocardia. Of the 16 with levocardia all but 1 had a 
left aortic arch. The mean aortic oxygen saturation at- 
cardiac catheterization in these patients was 88 percent; - 
the mean pulmonary saturation was 79 percent. — 

Follow-up data: Fifty percent of the patients (9 of 
18) were alive at the conclusion of the study. Five of the 
nine deaths were related to severe mitral valve abnor- 
malities—mitral atresia in four and mitral stenosis and - 
coarctation of the aorta in one (Table IV). The other 
four deaths were due to pulmonary vascular disease (in 
an 18 year old who had been diagnosed as having double 
outlet right ventricle and pulmonary stenosis in infancy 
and had a Blalock-Taussig anastomosis?? at age 6 years), 
hydrocephalus (in a 2 year old), coarctation of the aorta. 
(in a 9 day old) and attempted total surgical correction 
(in a 2 1/2 year old). 

Surgical results: The two oldest survivors in Group 
II have pulmonary vascular disease. Of the seven 
younger survivors, six had pulmonary arterial banding 
at 6 weeks to 6 months and one had primary correction 


1 


TABLE III 
Results of Intracardiac Repair in 19 Cases 


Patients 30 Day Late 


(no.) Survival Survival 
De a SS Ee 
Group | (subpulmonary VSD) 5 2 1 
Group II (subaortic VSD) 5 4 4 
Group III (subaortic VSD 9 9 8 


and pulmonary stenosis) 


Of the 19 patients who had attempted intracardiac repair, results 
were satisfactory in those with a subaortic ventricular septal de ect 
(VSD) with or without pulmonary stenosis but poor in those with a 


subpulmonary ventricular septal defect. i 
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. TABLE IV 


Five Cases of Subaortic Ventricular Septal Defect 
and Mitral Valve Disease 


Age Age at 

Case Year of Presented Death. Mitral Valve 
no. Birth (days) (days) Disease 

| 1956 2 10 Atresia 

8 1957 1 26 Atresia 

32 1964 35 10 mo Atresia 

75 1974 11 11 Stenosis and 

aortic coarctation 
Atresia and 


aortic interruption 


Five of the nine deaths in the group with double outlet right 
ventricle, subaortic ventricular septal defect and no pulmonary 
stenosis were directly attributable to severe mitral valve abnormal- 
ities. 


 atage 17 months. Overall there have been five attempts 


Tw 


. at total correction. The first three children with suc- 


cessful banding had total correction at age 2 1/2, 4 and 
| years, respectively, and are doing well, as is the toddler 


- who had primary correction. The unsuccessful primary 
. correction was performed in 1966 (Table III). 

_ Associated defects: None in Group II had the 
_ polysplenia or asplenia syndrome or an A-V canal de- 
_ fect, but two children with a tracheoesophageal fistula 
. were in this group. Both died—one at age 9 days with 
. aortic coarctation and the other at age 2 years with hy- 
- drocephalus. In addition, the only child in our study 


with cleft lip and palate was in this group, and he died 


at age 10 days with mitral atresia (Table V). 


- Group III. Double Outlet Right Ventricle With Subaortic 


. Ventricular Septal Defect and Pulmonary Sienosis 


The 28 patients in Group III presented at a median 


age of 4 months (Fig. 1). Their clinical status is similar 


_ to that of patients with tetralogy of Fallot. Five of these 


.28 patients had dextrocardia. Of the 23 with levocardia, 


7 (30 percent) had a right aortic arch (Table II). Cine- 


angiography was used to differentiate these patients 


from those with tetralogy of Fallot because their he- 


_ modynamic data are similar.!?4 Mean aortic oxygen 
saturation was 84 percent and mean pulmonary satu- 


ration 71 percent. 


Follow-up: At present, 75 percent of these children 


- (21 of 28) are still living. Of the survivors, eight had in- 
- tracardiac repair, as the primary operation in five and 


after a subclavian to pulmonary arterial anastomosis 


- (Blalock-Taussig shunt) in three. Twelve others have 


. had palliative surgery: a Blalock-Taussig anastomosis 
in seven, superior vena caval to right pulmonary arterial 


- 


anastomosis (Glenn shunt) in two,?? Glenn procedure 
followed by Blalock-Taussig anastomosis in two and 
infundibulectomy to relieve outflow tract obstruction 


to the pulmonary artery in one. One patient was not 
operated on. 


Nine patients in Group III had total correction. Eight 


- have done well, but one died a year after repair (Table 
_ HI). He had had a previous Glenn anastomosis and had 
multiple postcorrection complications including severe 


tricuspid regurgitation and superior vena caval ob- 
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TABLE V 
Associated Noncardiac Abnormalities in 80 Cases* 


Group Ill 
(Subaortic Group IV 
Group II VSD and (Uncom- 
(Subaortic Pulmonary mitted 
VSD) Stenosis) VSD) 
Trisomy D = 1 E 
Asplenia — 2 1 
Polysplenia — 1 1 
Anal atresia — c 1 
Tracheoesophageal fistula 2 — — 
Cleft lip and palate 1 — — 





* There were no associated abnormalities in the group with sub- 
pulmonary ventricular septal defect (VSD). 


struction. The other six deaths in this group occurred 
in three children after palliation (one Glenn procedure 
and two Blalock-Taussig anatomoses), in a 5 year old 
child who was not operated on, a 15 month old child 
with the asplenia syndrome and a 4 day old infant with 
trisomy D. 

One concern relates to the four patients in Group III 
who had a Glenn anastomosis. Our experience is that 
this anastomosis becomes less effective with time and 
may be difficult to take down. No Glenn anastomoses 
have been performed in children with double outlet 
right ventricle in our institution since 1969. 

Associated defects: Significantly, no child in this 
group of 28 had severe mitral disease or aortic coarcta- 
tion or interruption (Table II). 'The absence of these 
complications, which caused so much early mortality 
in the patients in Groups I and II (without pulmonary 
stenosis), clearly contributed to the overall good status 
of Group III. 

The child with trisomy D in Group III was the only 
one with a documented chromosomal abnormality in 
this series. However, two of the three children with 
double outlet right ventricle and asplenia and one of the 
two with polysplenia were in Group III (Table V). The 
child with polysplenia also had an A-V canal defect and 
died at age 4 years after a Blalock-Taussig anastomosis. 
One child with the asplenia syndrome also had an A-V 
canal defect and died without operation at age 15 
months, but the other child with the asplenia syndrome 
had a Blalock-Taussig anatomosis at age 20 months and 
is well at 3 years. Two other children in Group III had 
an A-V canal defect (Table II); one died without oper- 
ation at age 5 years and one is alive at age 14 years but 
was thought to have too small a left ventricle for at- 
tempted total correction and was treated with infun- 
dibulectomy alone at the time of open heart surgery. 


Group IV. Double Outlet Right Ventricle With 
Uncommitted Ventricular Septal Defect 


This small group of eight patients with an uncom- 


mitted ventricular septal defect includes four who died, 


one who was lost to follow-up and three who are alive. 
The four deaths were related to mitral atresia (one case), 
asplenia (one case) and a closed ventricular septal defect 
(one case); one 3 month old infant died at home and did 
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- not undergo autopsy. The three survivors were born 


from 1973 through 1975 and clinically resembled pa- 
tients with double outlet right ventricle, subaortic 


- ventricular septal defect and no pulmonary stenosis in 
that all had pulmonary hypertension and required 


pulmonary arterial banding at age 4 to 13 months. They 
are all doing well at this time. 
Associated anomalies: One child in Group IV was 


. the sole patient in this series to have total anomalous 


pulmonary venous return. He died at home at age 7 
months. This child also had the asplenia syndrome and 
an A-V canal defect (Tables II and V). The occurrence 
of total anomalous pulmonary venous return with 
double outlet right ventricle was more frequent in a 


recent large review of total anomalous pulmonary ve- 


nous return.?^ The one child with polysplenia in Group 
IV is well after pulmonary arterial banding. The only 
child in this group (and in the series) with anal atresia 
was born in 1975. This boy is doing well after pulmonary 
arterial banding and ligation of a patent ductus arteri- 
osus. 


Discussion 
Double outlet right ventricle is a clinically diverse 
group of abnormalities having in common a right ven- 


tricular origin of both great arteries with the only outlet 
to the left ventricle being through a ventricular septal 


. defect or by way of the left atrium if the ventricular 


septal defect is closed. Clinically and pathologically, the 
patients are readily separated into four groups—those 
who clinically resemble patients with transposition of 
the great arteries and ventricular septal defect (Group 
I), those who clinically resemble patients with tetralogy 
of Fallot (Group III) and two pathologic groups that are 
clinically similar to patients with ventricular septal 
defect and pulmonary hypertension. 

Prognosis: Clinical implications: These four major 
groups have a very different prognosis (Table VI). 
Those with subpulmonary ventricular septal defect 
(Group I) had a large early mortality from concomitant 
coarctation of the aorta. They have only done well after 
palliation in the last 5 years and only now are a sizable 


TABLE VI 
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group of patients approaching the age of attempted 
total correction. Unfortunately, our experience with — 
total correction has been poor (only one of five long- 
term survivors) although both atrial redirection of the | 
venous inflow, as suggested by Hightower et al.,2° and - 
intraventricular repair?9?7 have been attempted. 

Children with double outlet right ventricle and sub- - 
aortic ventricular septal defect without pulmonary. 
stenosis (Group II) had a high rate of severe mitral valve — 
disease (5 of 18; 28 percent). However, of those who - 
survive infancy, the prognosis appears good if early 
pulmonary arterial banding or correction is performed - 
to prevent pulmonary vascular disease. The small group 
(Group IV) with an uncommitted ventricular defect all | 
had pulmonary hypertension and required early pul- 
monary arterial banding for survival. . 

Finally, the patients in our study with double outlet | 
right ventricle, subaortic ventricular septal defect and 
pulmonary stenosis (Group III) had no mitral or aortic - 
abnormalities and fared by far the best of any group. - 
They are currently being treated like patients with te- 
tralogy of Fallot, undergoing a shunt procedure or total — 
correction as indicated. A small group did have superior - 
vena caval to right pulmonary arterial (Glenn) anasto- - 
mosis in the 1960’s and may be at greater risk because - 
of this. | 

It is therefore imperative that we separate clinically 
these subgroups of double outlet right ventricle. Their 
presentation, course and management are distinct and 
their ultimate prognosis is dependent on their specific 
anatomy—the relation of the ventricular septal defect - 
to the great arteries, the presence or absence of pul- 
monary stenosis in patients with subaortic ventricular 
septal defect and the presence or absence of mitral or 
aortic disease in those without pulmonary stenosis. 
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Final Status of 80 Primary Referral Patients With Double Outlet Right Ventricle* 


Alive (41 patients): 


With With 
Group Correction Palliation 

Group | 1 4 
(subpulmonary VSD) 

Group II 4 3 
(subaortic VSD) 

Group III 8 12 
(subaortic VSD 
and pulmonary stenosis) 

Group IV — 3 
(uncommitted VSD) 

Total 13 22 


* The final status of the 80 patients with double outlet right ventricle shows that the prognosis is best in the group with a subaortic ventric- 


Lost to 


Pulmonary Not 
Vascular Operated Dead Follow-Up 
Disease On (38 patients) (1 patient) 
3 — 18 — 
2 — 9 — 
ET 1 7 ub 
— rl -4 1 | 4 
5 1 38 | Y eae 


ular septal defect (VSD) and pulmonary stenosis and least good in those with a subpulmonary ventricular septal defect. 
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More than 1,100 patients underwent a systemic-pulmonary arterial shunt 
operation at The Children's Memorial Hospital, Chicago, from 1946 to 
1974. Of these patients, 294 were studied to assess the presence of 
pulmonary vascular disease and the time of its occurrence after surgery. 
They were selected either because lung tissue was available for histologic 
grading of pulmonary vascular disease (114 patients) or because he- 
modynamic studies were performed after the shunt operation (180 pa- 
tients). The shunts, all patent at the time of the study, ranged in duration 
from 1 month to 23 years. After a subclavian-pulmonary arterial shunt (75 
patients) there was little evidence of advanced pulmonary vascular dis- 
ease in either histologic (2 of 25 patients) or hemodynamic (1 of 50 pa- 
tients) studies. After an aortic-pulmonary arterial shunt (44 Waterston, 
175 Potts) there was small likelihood of advanced pulmonary vascular 
disease with a shunt duration of less than 5 years (1 of 35 histologic, 0 
of 27 hemodynamic studies). With a shunt duration of more than 5 years 
the incidence of advanced pulmonary vascular disease increased sig- 
nificantly (15 of 54 histologic, 17 of 103 hemodynamic studies). A mean 
pulmonary arterial pressure of 50 mm Hg or greater strongly suggests the 
presence of advanced pulmonary vascular disease. When a systemic- 
pulmonary arterial shunt has provided effective palliation with decreased 
pulmonary pressure there is small likelihood that advanced pulmonary 
vascular disease will develop, even with a long shunt duration of 20 to 25 
years. 


A surgically created systemic-pulmonary arterial shunt!-4 has been a 
successful form of palliative treatment for cyanotic congenital cardiac 
defects characterized by diminished pulmonary blood flow. Among the 
known complications of such an anastomosis, as noted by early investi- 
gators,?-? is the development of pulmonary hypertension and pulmonary 
vascular obstructive disease. These complications decrease the effec- 
tiveness of the palliation and can greatly increase the risk of, or even 
preclude the possibility of, subsequent intracardiac surgery. 

This study describes the incidence of pulmonary vascular disease and 
the time of its occurrence after various types of systemic-pulmonary 
arterial shunts. T'he data provide a framework for determining the timing 
of further surgical interventions designed to prevent pulmonary vascular 
disease in patients with systemic-pulmonary arterial shunt. 


Material and Methods 


More than 1,100 systemic-pulmonary arterial shunt operations have been 
performed at The Children's Memorial Hospital in Chicago since Potts per- 
formed the first one there in 1946.? Two hundred ninety-four patients were se- 
lected from this population for the study either because lung tissue was available 
for histologic examination or because hemodynamic studies were performed after 
the shunt operation. The patients were separated into two groups on the basis; 
of whether a pathologic examination of lung vessels was possible (Table I). - 
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TABLE | 
Anatomic Diagnosis and Shunt Type 
Group | Group Il 
(Pathologic (Hemodynamic 
Study) Study Only) Total 
Diagnosis 
— Tetralogy of Fallot 73 119 192 
Tricuspid atresia 11 21 32 
Pseudotruncus 6 9 15 
arteriosus 
DORV 4 10 14 
LTGV 5 6 11 
DTGV + VSD * PS 4 6 10 
Dextrocardia complex 4 4 8 
Pulmonary atresia, IVS 6 2 8 
Single ventricle 1 2 3 
DOLV 0 1 1 
Total 114 180 294 
Shunt types 
Waterston-Cooley 17 27 44 
Blalock-Taussig 25 50 75 
Potts 72 103 175 


Total 114 180 294 


DOLV = double outlet left ventricle; DORV = double outlet right 
ventricle; DTGV = D-transposition of great vessels; IVS = intact 
ventricular septum; LTGV = L-transposition of great vessels; PS = 
pulmonary stenosis; VSD - ventricular septal defect. 


Group I (lung tissue study group): This group consisted 
of 114 patients whose lung vessels were graded for pulmonary 
vascular disease according to the Heath-Edwards!? classifi- 
cation. The lung specimens were obtained at autopsy in 104 
patients and by open lung biopsy in 10 patients. The lung 
biopsy specimens were taken from the lung to which the shunt 
was directed (for example, the right lung in patients with a 
Waterston procedure and the left lung for those with a Potts 
procedure). In 42 patients in Group I pulmonary arterial 
pressure measurements were also obtained at cardiac cathe- 
terization 5 months to 18 1/2 years after the shunt operation. 
The lung slides were examined and the pulmonary vascular 
disease assessed without prior knowledge of the patients' age, 
the type and duration of the shunt or hemodynamic find- 
ings. 

In the Heath-Edwards classification,!? grades 1 and 2 in- 
dicate medial hypertrophy and cellular intimal hypertrophy, 
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FIGURE 1. Group |. Histologic findings in 25 patients after a subcla- 
vian-pulmonary arterial shunt (Blalock). A geometric time scale is on 
the abscissa. N = normal; PVD = Heath-Edwards'° grade of pulmonary 
vascular disease. The dashed bar separates grade 2 from grade 3 
disease. | 


which are early changes and probably reversible. Grade 3 in- 
dicates occlusive intimal fibrosis. Grades 4 to 6 indicate pro- 
gressive stages of vascular dilatation and destruction, with 
plexiform lesions seen in grade 4, extreme vascular dilatation 
and fibrinoid necrosis in grade 5 and pulmonary arteritis in 
grade 6. Grades 3 to 6 represent advanced changes, and al- 
though early studies! ';!? suggested that grade 3 changes were 
reversible, it is probable that none of these advanced changes 
are anatomically irreversible. The terms reversible and irre- 
versible are used in an anatomic and not a physiologic sense 
because even patients with grades 3 and 4 pulmonary vascular 
disease can have successful intracardiac surgery with post- 
operative reductions in pulmonary arterial pressure. 

Group II (hemodynamic study group): This group con- 
sisted of 180 patients whose lung specimens were not available 
but who underwent cardiac catheterization and measurement 
of pulmonary arterial pressure 1 month to 23 years after the 
shunt operation. The shunt was patent in all patients at the 
time of the study. 

Tetralogy of Fallot was the most common anatomic diag- 
nosis (Table I). Three types of surgical shunts were employed: 
Waterston-Cooley?:4 (44 patients); Blalock-Taussig! (75 pa- 
tients); and Potts-Smith-Gibson? (175 patients). 


Results 


Subclavian-pulmonary arterial shunts: Sev- 
enty-five patients underwent a Blalock-Taussig shunt. 
Histologic studies in 25 of these patients with a shunt 
duration of 1 month to 14 years revealed only 2 patients 
with greater than grade 2 pulmonary vascular disease 
(Fig. 1). Of the remaining 50 patients with hemody- 
namic studies, only 1 had a mean pulmonary arterial 
pressure greater than 30 mm Hg (Fig. 2). 

The single patient with histologic findings of grade 
4 pulmonary vascular disease had considerable growth 
of the anastomosis over a period of 11 years. There was 
both pulmonary vascular disease and pulmonary hy- 


pertension (mean pulmonary arterial pressure 65 mm 


Hg) in the lung to which the shunt was directed; the 
opposite lung, which was protected by branch pulmo- 
nary arterial stenosis, was less affected. 
Aortic-pulmonary arterial shunts: Shunts of the 
Potts and Waterston-Cooley type were assessed to- 
gether because both are direct anastomoses between the 
aorta and pulmonary artery. Histologic analysis (Fig. 
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FIGURE 2. Group ll. Hemodynamic findings in 50 patients after a sub- 
clavian-pulmonary arterial shunt (Blalock). PAP = pulmonary arterial 
pressure. 
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FIGURE 3. Group |. Histologic findings in 89 patients after an aortic- 
pulmonary arterial shunt. Satellite circles indicate three patients with 
more advanced pulmonary vascular disease (PVD) in the lung with the 
shunt than in the contralateral lung. Potts — Potts-Smith-Gibson? shunt; 
WC = Waterston?-Cooley^ shunt. 


3) revealed that with a shunt duration of less than 5 
years there was a small likelihood (1 of 35 patients, 3 
percent) of advanced pulmonary vascular changes. 
When the shunt was patent 5 or more years the inci- 
dence of advanced pulmonary vascular changes (grades 
3 to 6) increased significantly (15 of 54 patients, 28 
percent). Nevertheless, more than half the patients (39 
of 54 patients, 72 percent) with a shunt duration of 5 or 
more years had only early pulmonary vascular changes 
(grade 2 or less). Furthermore, 22 patients with a 
functioning shunt of 8 to 23 years' duration had normal 
pulmonary vessels. Three patients had more advanced 
pulmonary vascular disease in the lung to which the 
shunt was directed than in the contralateral lung (Fig. 
3). 

The hemodynamic findings (Fig. 4) were similar to 
the histologic findings; that is, marked elevations of 
pulmonary arterial mean pressure (45 to 50 mm Hg or 
more) were not seen with a shunt duration of less than 
5 years (0 of 27 patients). When the shunt duration was 
greater than 5 years, severe pulmonary hypertension 
was more common (17 of 103 patients, 16 percent). 
Nevertheless, many patients (54 of 103 patients, 52 
percent) with a functioning shunt of more than 5 years' 
duration had a low mean pulmonary arterial pressure 
(20 mm Hg or less). 

Hemodynamic-pathologic correlations: Thirty 
patients with a histologic assessment of pulmonary 
vascular disease also underwent cardiac catheterization 
studies at approximately the time the lung specimen 
was obtained; the recorded mean pulmonary arterial 
pressure in these patients presumably reflected the 
pulmonary vascular disease grade found in the lung 
vessels (Fig. 5). A wide range of mean pulmonary arte- 
rial pressures (up to 40 mm Hg) was recorded among 
those with a histologic assessment of grade 1 or 2 dis- 
ease, but all those whose mean pressure was greater than 
45 to 50 mm Hg had advanced pulmonary vascular 
disease. The duration of shunt patency in these patients 
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FIGURE 4. Group II. Hemodynamic findings in 130 patients after an 
aortic-pulmonary arterial shunt. The dashed bar indicates a mean 
pulmonary arterial pressure (PAP) of 45 mm Hg. Other abbreviations 
as in Figure 3. 


ranged from 6 months to 18 1/2 years (median 9 10/12 
years). 

'The mean pulmonary arterial pressure and the rest- 
ing aortic oxygen saturation levels were compared in 67 - 
patients with a Potts shunt. Although most patients 
with a high level of aortic saturation (85 percent) had 
a low mean pulmonary arterial pressure (30 mm Hg or 
less), seven patients with a mean pulmonary arterial | 
pressure of 50 to 100 mm Hg had an aortic saturation 
level of more than 85 percent. 

Pulmonary arterial thrombosis: Eighty patients 
(70 percent) of the pathologic study group had pulmo- 
nary arterial thrombosis of a variable degree (Fig. 6). 
The changes ranged from focal so-called cushion lesions 
(Fig. 6A) to considerable degrees of arterial and arteri- 
olar occlusions with organization and recanalization 
(Fig. 6, B to D). The thrombi were organized and fi- 
brosed but the media thin-walled, as contrasted with 
the thick media found in vessels with intimal fibrosis 
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FIGURE 5. Group |. Hemodynamic-pathologic correlation in 30 patients, — 
comparing grade of pulmonary vascular disease (PVD) and mean pul- 
monary arterial pressure (PAP). 
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| secondary to hypertensive pulmonary vascular disease 
.. (grade 3). 


Discussion 


The beneficial effects of a systemic-pulmonary ar- 
- terial anastomosis in patients with diminished pulmo- 
K nary blood flow are an increase in systemic oxygen 
— saturation and possibly the growth of underdeveloped 
. pulmonary vessels. Furthermore, some investigators!” 
— believe that the pulmonary arterial thrombi!* seen in 
. these patients may be prevented, and even resolved, by 

E -a surgical shunt that increases the blood flow. 
3 ; "The detrimental effects are related to the increase in 
pulmonary blood flow to greater than normal amounts, 
. which can cause congestive heart failure, and histo- 
M odthologic changes in pulmonary vessels that are 
- known? to occur under such circumstances. The earliest 
i changes in the pulmonary arteries with a left to right 
s: shunt are medial hypertrophy of a variable degree, 
a designated grade 1 pulmonary vascular disease.!? In this 
- study, as well as in a previous survey,!? the majority of 
.. patients (61 percent) had normal pulmonary vessels 
even after a shunt of long duration. Some patients with 
d | normal vessels had had adequate palliation for up to 23 
|». years, thus demonstrating that a systemic-pulmonary 
. arterial shunt does not always produce pulmonary 

» vascular disease. 

Contrary to Ferencz's findings,!? our patients with 
ge long-standing functioning shunts did have pulmonary 
. arterial thrombi. However, the patients with inadequate 
~ palliation seemed to have more widespread evidence of 
.. pulmonary thrombosis, but this finding was not con- 
sistent. Some patients whose shunt was large enough to 
. provide an aortic oxygen saturation level of more than 
y: 90 percent nevertheless had evidence of considerable 
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FIGURE 6. Thrombotic pulmonary vascular disease. A, 
focal cushion intimal lesions; B, an arteriole occluded by 
a thrombus; recanalization has occurred. The arrows 
delimit the thin media. C and D, small pulmonary arteries 
partially occluded by thrombi. (Elastic tissue stain X200 
[A], X350 [B], and X300 [C and D], reduced by 15 
percent.) 


pulmonary thrombi. The reduction of the pulmonary 
vascular bed by thrombosis of small vessels may sig- 
nificantly contribute to the development of pulmonary 
hypertension and increased pulmonary vascular resis- 
tance in patients with a large shunt. Thrombotic 
changes with such consequences have been reported in 
patients with tetralogy of Fallot without a prior 
shunt.!^ 

Subclavian-pulmonary arterial shunts: The rare 
occurrence of severe pulmonary hypertension and 
pulmonary vascular disease in patients with a subcla- 
vian-pulmonary arterial shunt (Fig. 1 and 2) correlates 
with the observation that this anastomosis does not 
produce a large left to right shunt in most cases. Most 
patients with this shunt had clinical evidence of grad- 
ually diminishing pulmonary flow over the years, indi- 
cating the restricted growth of this type of anastomosis. 
The one patient whose shunt grew in size had severe 
pulmonary vascular damage as a result. 

Aortic-pulmonary arterial shunts: With direct 
communication between the aorta and a pulmonary 
artery, the left to right shunt is large, and growth of the 
anastomosis is common. It is not surprising therefore 
that the incidence of progressive pulmonary vascular 
disease is much greater in patients with this shunt. 
What is surprising is the large number of patients with 
a hemodynamically and anatomically proved large 
shunt who do not experience significant pulmonary 
vascular disease, even after many years of shunt dura- 
tion. We cannot adequately explain why some patients 
with an anatomically large shunt undergo advanced 
pulmonary vascular changes whereas other patients 


with the same size shunt (measured at autopsy) have 


normal pulmonary vessels, even after the same or longer 
periods of shunt duration. 


-a anm "- 5 anata Of Lt 24 AANA AMY Val. An 





PULMONARY VASCULAR DISEASE AFTER SHUNT PROCEDURES—NEWFELD ET AL. 


Von Bernuth et al.!6 evaluated 26 patients with te- 
tralogy of Fallot and a Potts anastomosis before cor- 
rective surgery. They found a high incidence rate (39 
percent) of advanced pulmonary vascular disease in 
these patients, particularly in association with an 
anastomosis that had grown during a period of 6 to 18 
years. In our study we found only 18 percent of patients 
with a Potts shunt had either hemodynamic or patho- 
logic evidence of advanced pulmonary vascular disease 
after a shunt duration of up to 23 years. Von Bernuth 
et al.!6 also found that the size of the anastomosis was 
directly related to the development of pulmonary vas- 
cular disease. Although this was often true in our study, 
there were examples of large shunts patent 13 to 17 
years without the development of advanced vascular 
changes. 

The findings that advanced pulmonary vascular 
disease rarely occurs with a shunt duration of less than 
4 to 5 years and that the incidence increases with longer 
shunt durations were first shown by Cole et al.? in he- 
modynamic studies; they are now confirmed by our 
histologic observations (Fig. 3 and 4). However, uniform 
consideration of 4 to 5 years as a safe period would 
clearly put some patients at risk for development of 
significant pulmonary vascular changes. 

Hemodynamic-pathologic correlations: Signifi- 
cance of elevated pulmonary arterial pressure: The 
finding that patients with grades 3 to 6 pulmonary 
vascular disease have a mean pulmonary arterial pres- 
sure of 45 to 50 mm Hg or more is an important obser- 
vation (Fig. 5). In a previous study!’ on pulmonary 
vascular disease in patients with complete transposition 
of the great arteries, we found that patients over 1 year 
of age with a mean pulmonary arterial pressure of 50 
mm Hg or more had advanced pulmonary vascular 
changes (grades 4 to 5). In that study we found that 
patients with grade 4 or 5 pulmonary vascular disease 
had grade 3 changes (occlusive intimal fibrosis) or 
higher in at least 50 percent of their pulmonary vessels. 
When a critical number of pulmonary vessels are oc- 
cluded or severely narrowed the mean pressure will in- 
crease to 50 mm Hg or greater. 

In patients with complex cyanotic congenital cardiac 
defects the hemodynamic assessment of the pulmonary 
vascular bed is technically difficult. The calculation of 
pulmonary vascular resistance requires accurate sam- 
pling of blood from the pulmonary circulation as well 
as measurement of oxygen consumption. Errors in 
technique or the use of assumed values of oxygen con- 
sumption can introduce important errors in estimates 
of the state of the pulmonary vascular bed. The mean 


pulmonary arterial pressure is a single quantitative 
measurement, and values of 50 mm Hg or more appear 
to be strongly suggestive of advanced pulmonary vas- 
cular changes in patients with reduced pulmonary 
pressures before their operation. We have found this 
level of pulmonary hypertension indicative of advanced 
pulmonary vascular disease in patients over 2 years of 
age in a previous survey,!? but we lack sufficient data 
in the younger age group to confirm this observation in 
the present study. l 

The finding that some patients with bidena of ad- 
vanced pulmonary vascular changes still have a rela- 
tively large left to right shunt suggests that there are 
early stages of grades 3 and 4 pulmonary vascular dis- 
ease when the pulmonary bed is still relatively easily 
perfused. Only when enough vessels are involved in the 
occlusive process does the resistance become limiting, 
with consequent restrictions on the pulmonary blood 
flow. 

Therapeutic recommendations: Corrective surgery, 
when possible with acceptable risk, should be performed. 
as a primary procedure. If an aortic-pulmonary arterial - 
shunt is performed as a palliative procedure, our studies — 
suggest that corrective surgery should be performed - 
within 2 to 3 years. In patients with an aortic-pulmonary : 
arterial shunt for whom corrective surgery is currently 
not available, cardiac catheterization should be per- - 
formed within 2 to 3 years after the shunt operation to 
assess the pulmonary vascular bed. Measurement of the - 
pulmonary arterial mean pressure is essential for ac- - 
curate hemodynamic evaluation because the arterial — 
oxygen saturation level alone can be misleading. When 
the mean pulmonary arterial pressure is low the pul- - 
monary vessels are probably normal or have only early 
and reversible changes. A mean pulmonary arterial 
pressure of 50 mm Hg or more suggests the presence of 
advanced pulmonary vascular changes. If the pressure 
is approaching that value and corrective surgery is not 
feasible, then attempts to narrow the shunt size should 
be made to prevent progression to irreversible pulmo- 
nary vascular disease. 

Finally, when a systemic-pulmonary arterial shunt 
has provided effective palliation with low pulmonary 
arterial pressures, there is small likelihood that ad- 
vanced pulmonary vascular disease will develop, even 
with a long shunt duration of up to 20 to 25 years. 
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The incidence and time of occurrence of pulmonary vascular disease were _ 
studied in 67 children with the complete form of atrioventricular (A-V) 
canal defect. Advanced pulmonary vascular disease begins to develop 
during the first year of life, with intimal fibrosis (grade 3 changes) noted 
between age 6 months to 1 year. Vascular dilatation with plexiform lesions 


"(grade 4 changes) can be found by age 1 year. These changes canbe — 


found in some patients in spite of hemodynamic findings usually consid- 
ered to indicate lesser degrees of vascular disease. After age 2 years 
advanced pulmonary vascular disease is commonly found and may persist _ 
after surgical correction of the defects. A similar rapid progression of — 
pulmonary vascular disease was noted in 40 children who had a large 
ventricular septal defect without A-V canal in whom systemic pressure 
was transmitted directly to the pulmonary vascular bed. Thirty-six of the _ 
67 children had trisomy-21. No difference was noted in the speed of 
progression of pulmonary vascular disease between these children and — 
those without trisomy 21. Palliative or corrective surgery should be per- - 
formed in these patients by age 1 year to prevent development of ad- 
vanced pulmonary vascular disease. 


Successful corrective surgery for the complete form of atrioventricular 
(A-V) canal defect has been reported by several centers.!-4 Rastelli et 
al.! emphasized that intracardiac repair in infants carried a high surgical 
risk and recommended postponing complete repair until age 3 years. In 
a later report from the same institution McGoon et al.2 revised this 
concept and suggested earlier repair in young infants, especially those - 
with suspected pulmonary vascular disease. When present, such disease 
adds significantly to the risk of intracardiac surgery and in some in- 
stances may preclude attempts at corrective repair. Both hemodynamic? 
and pathologic® studies have suggested that pulmonary hypertension 
and pulmonary vascular disease occur more commonly in patients with 
A-V canal defect than in patients with less complex intracardiac de- 
fects. 

This study was undertaken to determine the incidence, time of oc- 
currence and progression of pulmonary vascular disease in patients with 
complete A-V canal defect. An understanding of these factors is neces- 
sary in planning the timing of surgical intervention. 


Materials and Methods 


The study group consisted of 67 patients with the complete form of A-V canal 
defect seen at the Children's Memorial Hospital in Chicago from 1958 to 1975 
(Table I). The group was specifically selected to include only patients with - 
confluent large atrial and large ventricular septal defects because severe pul- . 
monary hypertension and pulmonary vascular disease are uncommon in the A 
partial form of this defect. The diagnosis of the presence of a large ventricular 
component to the defect was established at cardiac catheterization or autopsy. 
Thirty-six patients (54 percent) had trisomy 21. 
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TABLE | 


= Clinical Summary of 67 Patients With 
_ Complete Atrioventricular Canal Defect 





Patients (no.) 





Total patients 67 

Patients with trisomy 21 36 

Cardiac catheterization studies 47 
(age 4 days to 7 1/2 years; median 9 months) 


-= Lung histologic studies 44 


(age 7 days to 12 years; median 8 months) 
Autopsy 38 
Open lung biopsy 6 

Pulmonary arterial banding 27 

(age 1 month to 3 1/2 years; median 9 months) 
Surgical deaths 10 
Late deaths 2 
Good results 15 
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Cardiac catheterization was performed in 47 patients 
whose median age at catheterization was 9 months (range 4 
days to 7 1/2 years). Until August 1974, the patients were se- 
dated with a mixture of Demerol®, Phenergan® and Sparine®. 
After August 1974 they were given Innovar® (fentanyl and 
droperidol); no sedation was used for neonates. Cardiac output 
was computed using the Fick principle, with oxygen con- 
sumption measured’ in 19 patients and assumed? in the oth- 
ers. Repeat cardiac catheterization was performed in seven 
patients after pulmonary arterial banding. In 20 patients who 
had no catheterization, the diagnosis was established at au- 
topsy. 

Lung specimens were examined histologically in 44 pa- 
tients, and pulmonary vascular disease was graded according 
to the Heath-Edwards? classification. Specimens were ob- 
tained at autopsy in 38 patients and during open lung biopsy 
in 6, and were stained for elastic tissue and with hematoxy- 


FIGURE 1. Histologic grade of pulmonary vascular dis- 
ease (PVD) in 44 children with complete A-V canal de- 
fect. Crossed circles indicate prior pulmonary arterial 
1? banding (PAB) or pulmonary stenosis (PS). Open and 
closed circles, indicate, respectively, patients with and 
without trisomy 21. N — none. Hatched bar separates 
grades 1 and 2 from grades 3 to 5. 


FIGURE 2. Histologic grade of pul- 
monary vascular disease (PVD) in 
40 children with a large ventricular 
septal defect (VSD) without A-V 
canal. Crossed circles indicate 
patients with prior pulmonary arte- 
rial banding. N — none. 
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FIGURE 3. Pulmonary arterial pres- 30 : 


sures (PAP) and pulmonary to systemic 
arterial pressure (PAP/SAP) ratios in 40 
patients with complete A-V canal. 
Catherization data from seven patients 
with pulmonary stenosis or prior pul- 2 
monary arterial banding are not in- 

cluded. Horizontal hatched bar indi- 

cates a mean pulmonary arterial pres- 

sure of 50 mm Hg. 


lin-eosin. The ages of the patients at the time the lung speci- 
men was obtained ranged from 7 days to 12 years (median 8 
months). 


Results 


Histology: Completely normal pulmonary vessels 
were found in only one patient, a 12 year old girl who 
had pulmonary arterial banding at age 16 months (Fig. 
1). All other lungs examined had changes that ranged 
from medial hypertrophy (grade 1 changes) to extreme 
vascular dilatation with angiomatoid lesions (grade 5 
changes). Pulmonary vascular changes progressed 
rapidly, and by age 11 months two patients had grade 
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FIGURE 4. Comparison of mean pulmonary arterial pressure (PAP) and 
grade of pulmonary vascular disease (PVD) in 20 patients, 12 (open 
circles) under age 2 years and 8 (closed circles) over age 2 years. 
Crossed circles indicate patients with pulmonary stenosis or pulmonary 
arterial banding. 
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3 and 4 pulmonary vascular disease. After age 1 year, 
most patients had grade 3 or higher changes, and after — 
age 2 years seven of eight patients without prior pul- - 
monary arterial banding had grade 3 to 5 pulmonary - 
vascular disease. Four children, aged 6 months, 2 1/2, 
9 and 12 years, respectively, with prior pulmonary ar- 
terial banding or pulmonary stenosis had either normal 
vessels or only grade 1 pulmonary vascular disease. 

To determine whether pulmonary vascular disease 
occurred more rapidly in patients with A-V canal than 
in those with a simple large ventricular defect, a similar 
histologic analysis was made in 40 patients with a large 
ventricular defect without A-V canal (Fig. 2). These 
patients all had a large defect, with a pulmonary to 
systemic peak systolic pressure ratio of 0.65 to 1.0 
(median 0.89). 'The incidence of advanced changes by 
age 1 to 2 years was similar to that noted in patients with 
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FIGURE 5. Comparison of pulmonary vascular resistance (PVR) with 
histologic grade of pulmonary vascular disease (PVD) in 16 patients, 
10 under age 2 years ( open circles) and 6 over age 2 years (closed 
circles). Units = mm Hg/liter per min per m?. 


AV HEN and after age 2 years all patients hdd 
prior pulmonary arterial banding had grade 3 to 5 
— changes. 
—— Hemodynamics: All patients with A-V canal had 
- severe pulmonary hypertension (Fig. 3). The pulmonary 
.. pressures were at or near systemic levels, and by age 2 
years all patients except those with pulmonary stenosis 
or prior pulmonary arterial banding had a mean pul- 
monary arterial pressure of 50 mm Hg or greater. 
-A comparison was made between the hemodynamic 
. assessment of pulmonary vascular disease, using mean 
. pulmonary arterial pressure or pulmonary vascular 
-. resistance units, and the histologic grade of pulmonary 
SU 
[T 
i 


n . vascular disease. This comparison was restricted to the 
20 patients whose lung specimen was obtained within 
afew months of the time of cardiac catheterization (Fig. 
4 and 5). There was a good correlation between the 

: mean pulmonary arterial pressure and histopathologic 
p findings (Fig. 4) in that all five patients over age 2 years 
.. with a mean pulmonary arterial pressure of 50 mm Hg 
bo or more had grade 3 or greater pulmonary vascular 
ut disease. However, in 4 of the 12 patients under age 2 
years, this degree of pulmonary hypertension was as- 
v sociated with less advanced pulmonary vascular dis- 
ease. E 
The corrélation was not always good when calculated 
. pulmonary vascular resistance was compared with 
pe — histologic findings (Fig. 5). One patient under age 2 
. years with 10 units of pulmonary vascular resistance had 
only grade 2 pulmonary vascular changes, and one pa- 
_ tient over age 2 years with grade 4 pulmonary vascular 
. changes had only 3 units of pulmonary vascular resis- 
- tance. Two other younger infants with 4 and 5 units of 
. pulmonary vascular resistance, respectively, had ad- 
, vanced grade 4 histopathologic changes (Fig. 6). 
Palliative surgery: Twenty-seven patients under- 
havent pulmonary arterial banding (Table I) at ages 1 
month to 3 1/2 years (median age 9 months). There were 
10 surgical deaths (37 percent) and 2 late deaths. Two 
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| ot the surgical death occurred in patients who had  . 
grade 3 and 4 pulmonary vascular disease (Fig. 6, Aand 
B). More recently, of eight patients operated on there — 
was only one surgical death in a 3 month old infant with 
severe congestive heart failure at the time of opera- 
tion. 

Cardiac catheterization was performed 1 1/2 to 8 
years postoperatively (median 5 years) in 7 of the 15 
patients who survived pulmonary arterial banding. All 
seven had normal distal pulmonary arterial pressures. 
Three of these patients have had successful intracardiac _ 
repair with removal of the pulmonary band 2, 7 and 10 
years, respectively, after the palliative operation. 


Discussion 
Histopathology 


When an interventricular septal defect is present that- 
allows unrestricted transmission of systemic pressure 
to the pulmonary circulation the progression of pul- 
monary vascular disease is a predictable complication 
in most patients, as has previously been suggested.? Our 
study indicates that pulmonary vascular changes begin 
to progress to intimal fibrosis (grade 3) toward the end 
of the first year of life, and grade 4 changes, considered 
to be irreversible,? can be found by age 1 year. In pa- 
tients without pulmonary stenosis or pulmonary arterial 
banding performed in infancy, changes of grade 3 to 5 
vascular disease are the rule after age two years. 

A comparison of the progression of pulmonary vas- 
cular disease in patients with a large ventricular septal 
defect (not A-V canal) indicates a similarly rapid pro- 
gression of pulmonary vascular disease (Fig. 1 and 2). 
The youngest patient with grade 4 changes in the group 
with ventricular septal defect was 22 months old, 
whereas grade 4 changes were found as early as age 10 
1/2 months and 1 year in the group with A-V canal. 
However, the overall rate of progression was not dif- 
ferent in the two groups in spite of these few excep- 
tions. 


FIGURE 6. Histologic findings in two infants with com- 
plete A-V canal defect. A and B, a 1 year old infant, with 
a pulmonary vascular resistance of only 4.8 units. Grade — 
3 intimal fibrosis is evident in a 220 u vessel (A) and a 


in a 2 year old infant with calculated pulmonary vascular - 
resistance of 4.0 units 4 months previously, grade 4 _ 
plexiform lesions are evident in 175 u (C) and 199 u (D) | 

vessels. Elastic tissue stain. ar 


grade 4 plexiform lesion in a 100 u vessel (B). C and D, 
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Rudolph! suggested that because of the left ven- 


.. tricular-right atrial communication in complete A-V 


canal the atrial shunt could persist, even though pul- 
monary resistance increased, as a result of an obligatory 
shunt.!! This combination of increasing pulmonary 
resistance and an increased pulmonary blood flow might 
accelerate the progression of pulmonary vascular dis- 
ease in these infants. However, a right to left ventricular 
shunt would occur with increasing pulmonary resis- 
tance, so that the net pulmonary blood flow would still 
be dependent on pulmonary vascular resistance. 


Pathologic-Hemodynamic Correlations 


Pitfalls are encountered when one attempts to cor- 
relate the hemodynamic and pathologic assessment of 
the pulmonary vascular bed. Elevated pulmonary vas- 
cular resistance can be found with only grades 1 and 2 
pulmonary vascular changes; this no doubt reflects the 
extreme pulmonary vasoreactivity found in some pa- 


tients. Other patierts with pulmonary vascular resis- 


tance values of 5 units or less may have more advanced 
histopathologic changes. The degree and extent of lung 
vascular bed involvement in the obstructive process 
govern the degree of elevation of vascular resistance. A 
few vessels with grade 3 or 4 vascular disease found in 
a small piece of lung tissue establish the grade of 
change,” but the percent of lung vessels actually having 
such advanced changes varies greatly depending on the 
duration of the disease process and its speed of pro- 
gression. ! 

In patients over age 2 years with a complete A-V canal 
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Our observations emphasize a need for operative in- 
tervention, either palliative or corrective, by age 1 year 
in most infants with complete A-V canal defect in order 
to prevent progressive pulmonary vascular disease. 


Trisomy 21 


Chi and Krovetz!? reported that children with Down's 
syndrome and congenital heart disease have an un- 
usually high pulmonary vascular resistance and a pro- 
pensity for early development of severe pulmonary 
vascular damage. Laursen!* also observed rapidly de- 
veloping pulmonary vascular disease in patients with 
Down's syndrome, but Plett et al.? found no difference 
in progression of pulmonary vascular disease in patients. 
with Down's syndrome and complete A-V canal than in 
genetically normal patients with this lesion. E. 

Thirty-six patients (54 percent) in our study had 
trisomy 21. There does not appear to be any difference 
in the extent of pulmonary vascular disease between the — 
groups of patients with and without trisomy 21 and any 
apparent differences may be influenced by the fact that 
in some instances diagnosis and palliative surgery were — 
delayed because either parents or physicians delayed | 
a decision regarding the course of care in these retarded - 
infants. Early palliative surgery in the three older pa- 
tients without trisomy 21 (Fig. 1) prevented progressive 
pulmonary vascular disease. | (à 


Role of Pulmonary Arterial Banding i 


Some disagreement exists concerning the efficacy of. 
pulmonary arterial banding in patients with complete | 


defect, a mean pulmonary arterial pressure of 50 mm Hg 
or greater appeared to correlate well with the presence 
. of advanced pulmonary vascular disease (grade 3 or 
higher changes). We have found that this pressure level 
correlates well with this degree of pulmonary vascular 


A-V canal defect. From a theoretical standpoint Hey- - 
mann and Rudolph! indicated that pulmonary arterial - 
banding would be ineffective palliation, particularly in - 
the presence of a significant left ventricular to right | 
atrial shunt. McGoon et al.? stressed the importance of — 


disease in studies in patients with other forms of con- 
genital heart disease.!1.1? 

The calculated pulmonary vascular resistance at 
cardiac catheterization correlated less well with the 
degree of histologic pulmonary vascular disease. There 
were patients with minimally elevated pulmonary 
vascular resistance who had advanced pulmonary vas- 
cular disease (Fig. 5 and 6). This lack of correlation 
between the calculated hemodynamic and observed 
pathologic state of the pulmonary vascular bed in some 
patients with complete A-V canal defect must be con- 
sidered when deciding on the timing of surgery. 

In a recent report of successful intracardiac repair of 
complete A-V canal defects,? postoperative cardiac 
catheterization revealed that six of eight patients had 
pulmonary arterial systolic pressures equal to or greater 
than 50 mm Hg. Pulmonary to systemic vascular resis- 
tance ratios were 0.3 to 0.9 in these patients, indicating 
the presence of pulmonary vascular disease, perhaps 
even of an irreversible degree. Improved techniques of 


mitral regurgitation, which would not be favorably in- - 
fluenced by constriction of the pulmonary artery. Most 
investigators!®17 have reported a greater surgical 
mortality for banding in patients with an A-V canal. 
defect than in patients with less complicated ventricular — 
defects. Somerville et al.!5 recommended the procedure 
as effective palliation and Horsley et al.!? in a review of. 
89 patients with banding reported that the mortality 
rate for banding was lower in patients with A-V canal 
defect than in patients with other types of congenital A 
cardiac defects. i A ae 
Our experience indicates that for some patients with 
complete A-V canal defect pulmonary arterial banding 
can provide effective palliation, both reducing severe 
congestive heart failure and preventing progressive 
pulmonary vascular disease. The risk of the operation | 
is two to three times greater than for less complicated 
defects (5 to 10 percent), but this difference is un- 
doubtedly related to the multiple factors that have 
caused the patient to require early palliation. Some 


degree of pulmonary vascular disease may already be - 
present, and significant mitral regurgitation can further — 
complicate postoperative management. However, if 
intracardiac repair is not contemplated before age 2 to | 
3 years then pulmonary arterial banding would seem — 
necessary to prevent pulmonary vascular disease. 


= intra- and postoperative management now make it 
= possible to close intracardiac defects in patients with 
grade 4 pulmonary vascular disease (Newfeld EA, un- 
_ published observations). Whether this corrective sur- 
~ gery will have a beneficial effect on the long-term course 

_ of these patients remains to be seen. 
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Of 42 patients with dissection of the aorta, 4 had important arch in- 
volvement. Results were good in 2 patients treated medically. In two other 
patients wrapping the arch with a Dacron graft successfully prevented — 
fatal hemorrhage. This technique avoids the need for arch replacement - 
in selected cases. From this experience and a review of others a flow 
sheet was developed to guide decision-making in the surgical and medical 

management of patients with aortic dissection. | 


The arch of the aorta is the ugly duckling within the classification . 
schemes of acute aortic dissection. Lying between the ascending and . 
descending thoracic aorta, it is neither anterior nor posterior. As such, | 
an intimal tear in this area lies between DeBakey's anatomic type IL and — 
type III.! It may, by extension, have the complications of either the - 
acutely dissecting ascending or descending aorta in addition to its own — 
unique complications secondary to occlusion of the brachiocephalic 

vessels. 

In 1934, Shennan? reviewed in detail 315 cases of aortic dissection; 236 — 
cases were acute and an aortic arch intimal tear was found in 34 of these 
(15 percent). Fifteen of the patients (42 percent) were dead within 6 — 
weeks compared with 92 percent of patients with dissection of the as- 
cending aorta.? However, McFarland et al.* reported no survivors among 
patients with medically treated arch dissection. 

Gurin et al.? reported in 1935 the first attempted repair of an aortic 
dissection (abdominal) using a reentry procedure. Abbott later at- 
tempted to control dissecting thoracic aneurysms with use of a cello- 
phane wrap. DeBakey et al.’ used a transthoracic approach to repair 
thoracic dissections, and employed Shaw’s method? of fenestration in 
the chest for the first time. Other patients in their series were treated 
with excision of the saccular aneurysm and suturing of the base, end to 
end aortic anastomosis or homograft interposition; moderate hypo- - 
thermia was used in two of their six patients to protect the spinal cord — 
from ischemic damage. T'wo of their three patients with aortic arch in- 
volvement died, one as the result of ventricular fibrillation and the other 
after persistent postoperative hypertension and further dissection with 
rupture into the pericardial cavity. Early surgical intervention was 
proposed as the solution to acute aortic dissection. Cooley? and Ger- 
bode!? and their co-workers introduced the use of left atriofemoral by- 
pass to support spinal cord and kidney perfusion when elective trans- 
thoracic repair was undertaken; the former perfused the carotid arteries — 
in patients with aortic arch dissection. l 

Discouraging results with the surgical therapy of acute dissection led | 
Wheat et al.!! in 1965 to propose an alternate medical regimen using 
pharmacologic agents to decrease myocardial contractility and reduce 
blood pressure. They hoped that with such treatment patients would 
progress from an acute to a subacute or chronic stage when elective 
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surgery would be technically easier and associated with 
a higher rate of survival. Five of their six patients were 


.. treated successfully during 9 to 15 months of follow-up 


Fa: 


. and did not require surgery. The sixth patient had an 


- intimal tear in the aortic arch and had aortic valve im- 


a ~ competence after 9 months. Replacement of the as- 
- cending aorta and aortic valve was required; the dis- 


- 


^ 


-section of the arch and descending aorta remained 
stable. Nine of the 32 patients of Cooley et al.? had acute 


arch dissection but were operated on in the subacute 


stage 1 to 6 weeks later. At this time, the condition of 


È beoe patients was usually worse than that of patients 


ae 


With a chronic aneurysm. 


Treatment of class A versus class B aortic dis- 


~ Section: Anagnostopoulos? reviewed 549 cases of acute 


.. dissection collected from the literature and through 
questionnaires. He separated them into two groups: 


. class A (dissection of the ascending aorta or arch) and 
— elass B (dissection not involving the ascending aorta or 


t 


arch) (Table I). Short and long-term survival data in the 


: . medically and surgically treated groups were evaluated. 


td short-term survival rates did not differ significantly 
. among surgically (68 percent) and medically (77 per- 


y a cont) treated patients with class A dissection. However, 


- long-term survival in this group was significantly greater 
with surgical (71 percent) than with medical (50 per- 
cent) therapy, thus supporting the thesis that acute 


: class A dissection should be surgically treated. In class 


TABLE! 
E The "Old" ABC Classification of Acute Dissections 


ee ee aaa 


Class Treatment 





A. Involve ascending aorta or arch 


oo OogBONA 


Medical, earliest surgery 
Medical, planned surgery 


A, with complications 
A, without complications 
B. Do not involve ascending aorta 
or arch 
B, with complications 
B, without complications 
c Inoperable 


Medical, early surgery 
Medical, ? elective surgery 
? Medical 





A, and B, Complications: Indications for Surgical Therapy 





. Resistant shock 10. Impending rupture on 
Overwhelming aortic insufficiency X-ray examination 

. Saccular aheurysm 11. Carotid obstruction 
Tamponade 12. Normotension 
Myocardial ischemia 13. Marfan's syndrome 

. Reversible central nervous system 14. Pregnancy 

syndromes 15. Coarctation 

. Pulmonary artery obstruction 16. Arch dissection 

. Right bundle branch block 17. Failure of medical 

. Resistance to antihypertensive therapy (pain, anuria) 


agents 





A, and B, Indications for Medical Therapy 





1. Clotted false lumen 


2. No clear-cut origin of dissection visible on angiography in the 
absence of overwhelming aortic insufficiency or tamponade 

3. A stable B, dissection with previously untreated hypertension 
and especially serious concomitant pulmonary disease 

4. A stable redissection in a patient improperly treated since first 
dissection 

5. Multiple simultaneous dissections 

6. Unavailable cardiac surgical facilities 
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B dissection there was no significant difference between 
medical or surgical therapy in short- or long-term sur- 
vival rates. These results favor medical treatment for 
patients with dissection that does not involve the as- 
cending aorta or arch. 

The natural history of aortic dissection makes im- 
mediate therapy imperative. Although only 3 percent 
of patients die immediately there is a 1 percent per hour 
mortality rate for the next 24 to 48 hours in untreated 
persons. 'The primary causes of death are hemorrhage, 
cardiac tamponade and acute cardiac failure secondary 
to aortic valve incompetence. Aggressive medical 
therapy should be instituted immediately using either 
continuous intravenous administration of trimethaphan 
(Arfonad"), 500 mg in 500 cc of 5 percent dextrose in 
water; sodium nitroprusside (Nipride"), 50 mg in 500 cc 
5 percent dextrose in water; or a 300 mg bolus injection 
of diazoxide (Hyperstat”). Arterial pressure is thereby. 
reduced to the lowest level tolerable to maintain ade- 
quate myocardial, cerebral and renal function while a 
definitive diagnosis is made and the point of intimal tear 
identified with aortography. After these procedures and 
after the clinical complications of dissection have been 
identified; the new classification (Table I) can be used 
to guide the patient toward medical or surgical treat- 
ment. 

Treatment of primary acute aortic arch dissection 
remains a troublesome problem in one of seven cases of 
dissection. We have not separated these cases from as- 
cending aortic dissections, and we have considered them 
a complicated type of class A; requiring urgent surgery 
(A, = ascending aortic or arch dissection with compli- 
cations). Shumway,'? who recently reclassified acute 
aortic dissection according to location of the intimal tear 
(ascending or descending aorta or arch), reported 
medical therapy to be uniformly unsuccessful in aortic 
arch dissection and recommended surgical therapy. 
However, Austen et al.!? considered origin of aortic 


dissection in the arch a contraindication for surgery and 


Cooley! reported a small incidence of aortic rupture. 
McFarland et al.‘ and Liotta et al.!° found the results 
of medical therapy uniformly dismal and recommended 
surgical repair of all such cases. In light of these differing 
positions and our own recent experience, we have at- 
tempted to reevaluate our previous position that aortic 
arch dissection is a definite indication for resection and 
grafting. 


Case Reports: Aortic Arch Dissection 


In the following four case reports, the ABC scheme 
of classification for acute aortic dissection has been 
followed (Table I). We emphasize that patients in class 
C have irreversible multiple organ system disease 
(coronary, cerebral, renal, carcinous) and their condition 
is inoperable. 


Case 1 


. A 68 year old housewife with a history of hypertension came 
to the University of Chicago emergency room with the com- 
plaint of sudden chest and back pain and dizziness. Physical 








examination revealed a blood pressure of 180/100 mm Hg and 
a pulse rate of 50/min, symmetrical in all limbs. A grade 2/6 
systolic murmur was heard over the mitral valve area. A chest 
roentgenogram showed cardiomegaly and bilateral pleural 
effusions. A tentative diagnosis of acute myocardial infarction 
was not substantiated by changes in serum enzymes or the 
electrocardiogram. Three days after the onset of symptoms, 
the diagnosis of acute aortic dissection was made with aor- 
tography, which revealed opacification of a false lumen ex- 
tending from the subclavian artery distally to the descending 
portion (Fig. 1). On the following day, with use of femoral- 
femoral bypass and a left.lateral thoracotomy, surgery was 
performed. The dissection was seen to have caused a massive 
hematoma around the arch and the ascending aorta, as well 
as the descending aorta. The ascending aorta from 3 cm distal 
to the aortic valve was replaced with a Dacron® graft. There 
were no obvious intimal tears in the dissected ascending aorta, 
and the false lumen in the descending aorta was closed with 
a double sandwich of Teflon® felt (Fig. 2). Finally, the as- 
cending aorta, the arch and descending aorta were wrapped 
with a large Dacron graft (Fig. 3). Postoperatively, the patient 
required defibrillation for recurrent ventricular tachycardia, 
dopamine infusion for hypotension and ventilatory support 
because of respiratory insufficiency. Pulmonary infiltrates 
developed and she was treated with anticoagulant agents for 
an apparent pulmonary embolus. Her hematocrit then de- 
creased and she became anuric. A repeat aortic angiogram was 
suggestive of continued dissection of the thoracic and ab- 
dominal aorta with involvement of the left renal artery and 
extension into the iliac vessels. The patient died 1 month 
postoperatively. 

Autopsy revealed three intimal tears in the distal ascending 
aorta and arch and a 1 to 2 week old hematoma along the de- 
scending aorta and pleura of the left lung. There was a dis- 
section of the outer third of the media extending from the 
distal portion of the graft to the iliac arteries. All brachioce- 
phalic vessels contained in the wrapped dissected arch were 
patent. 


Comment: This patient was not considered to have 


a class A, dissection involving the ascending aorta and 
arch (Table I) until operation. The origin of the dis- 





FIGURE 2. Case 1. Double sandwich technique of closing the false 
lumen using Teflon felt. 
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FIGURE 1. Case 1. Admission aortogram that led us to classification l 
of this patient in class B (posterior dissection). At operation and sub- . 


sequent postmortem study 4 weeks later, it was evident that the intimal : 


tears were in relation to the arch only. 


section was not appreciated from the aortogram and, ; 


although the intimal tear was not repaired, the exten- 


sion into the ascending aorta was controlled with the 


interposed graft. It was hoped that dissection into the 


descending aorta could be controlled by using a Teflon 


felt sandwich to close the false lumen. However, in- 


complete repair of the double lumen in the descending 


aorta led to further dissection and rupture coincident 


with anticoagulation. The wrapped arch was not the 


cause of death. 





FIGURE 3. Case 1. Operative repair employing final wrapping of the - 


ascending aorta, arch and descending aorta with a large Dacron- 


graft. 
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‘FIGURE 5. Case 3. Aortograms. A, preoperative, showing extraaortic 
- dye at the junction of the arch and descending aorta. B, postoperative, 


—. showing no extraaortic dye and some dilatation of the ascending aorta 


.. andarch. 





FIGURE 4. Case 2. Aortograms. Left, on admis- 
sion, showing opacification of the true and false 
lumens in the arch and descending aorta (arrows). 
Right, after 3 weeks of medical therapy, showing 
a single lumen. 


and rupture coincident with anticoagulation. The 
wrapped arch was not the cause of death. 


Case 2 


A 50 year old man, known to be hypertensive with blood 
pressures averaging 180/100 mm Hg, was transferred to the 
University of Chicago after 6 days of hospitalization for severe 
lumbar and back pain relieved by antihypertensive agents. 
Before his transfer, recurrent back pain suggested the diag- 
nosis of extending acute aortic dissection. Aortograms at this 
time disclosed extravasation of dye from the aortic lumen into 
a false lumen beyond the innominate artery and around the 
origin of the left subclavian artery (Fig. 4). Because an elec- 
trocardiogram revealed the presence of anterior myocardial 
ischemia, surgery was not undertaken. Subsequent coronary 
angiograms revealed triple vessel disease with poor distal 
vessels. The patient’s hospital regimen consisted of 3 weeks 
of medical therapy with methyldopa (Aldomet®) and pro- 
pranolol (Inderal®) to maintain his systolic pressure at about 
120 mm Hg. A follow-up aortogram 3 weeks after admission 
showed a clotted false lumen and no extraaortic dye around 
the arch (Fig. 4). The patient was discharged on medical 
therapy and is well 1 year after discharge. 


Comment: This patient, originally considered to be 
in class A; because of aortic arch involvement, was 
placed in class C after evaluation of his electrocardio- 
gram. It is presumed that 4 days of medical therapy 
before angiography effectively controlled the aortic 
dissection. McFarland et al.* pointed out that six of 
seven patients whose aortogram showed no opacifica- 
tion of the false lumen survived without progressive 
aorta dilatation over a mean follow-up period of 42 
months. Statistically this patient has a 10 percent risk 
of redissection, and close medical follow-up is manda- 
tory.? 


Case 3 


A 10 year old boy with Marfan's syndrome experienced 
chest and back pain while bicycling and was referred to the 
University of Chicago. Physical examination revealed a blood 
pressure of 110/60 mm Hg, a pulse rate of 70/min and a grade 
3/6 diastolic murmur of aortic insufficiency. In a subsequent 
aortogram (Fig. 5A), extraaortic dye was seen at the junction 
of the arch and descending aorta and there was dilatation of 
the ascending aorta with slow washout of dye from a concen- 
trically located false lumen. Grade 2 aortic regurgitation was 





evident as well as a saccular aneurysm at the junction of the | 


descending aorta and subclavian artery. Because the patient 
had a class B (posterior) dissection, a left thoracotomy was 
performed. A massive hemorrhagic false lumen was seen 
around the arch, with retrograde extension in the ascending 
aorta and some distal descending extension. Femoral-femoral 
bypass was instituted, and the aortic arch and major branches 
were isolated. The dissection involved the arch and extended 
proximally to within 3 cm of the aortic valve and distally for 
5 cm down the descending aorta. The ascending aorta from 
the coronary ostia, the aortic arch and the involved descending 
aorta were wrapped with a Dacron graft that was progressively 
constricted toward a more normal diameter (Fig. 6). Postop- 
eratively the patient did well and was discharged on a regimen 
of propranolol. An aortogram obtained 3 months postopera- 
tively (Fig. 5B) revealed no extraaortic dye, mild aortic in- 
sufficiency and some dilatation of the ascending aorta and 
arch. 


Comment: Inability to define the origin of the dis- 
section angiographically is an indication for medical 
therapy (Table I).? However, this patient was catego- 
rized in class Bı because of Marfan's syndrome and a 
suggestion of a saccular aneurysm. It was elected to try 
to prevent further dilatation and rupture by wrapping 
the ascending aorta, arch and proximal descending aorta 
with a Dacron graft. There was no evidence that intimal 
flaps were occluding critical branches of the aortic arch. 
(See Addendum.) 


Case 4 


A 73 year old woman was transferred to the University of 
Chicago after 1 week of hospitalization for acute retrosternal 
and back pain. She was found to have a widening mediasti- 
num, diagnosed as having an acute aortic dissection, and was 
treated with antihypertensive agents. This regimen was 
complicated by a history of myocardial infarction and chronic 





FIGURE 6. Case 3. Operative repair of aortic dissection in a boy with 
Marfan's syndrome. 


aortic insufficiency. At the time of transfer, physical exami- 
nation revealed an elderly lady in no acute distress with a 
blood pressure of 140/90 mm Hg in the right arm and 110/60 
mm Hg in the left arm. She was found to have a diminished 
left carotid pulse and a grade 2/6 aortic regurgitant murmur. 
Laboratory data revealed values for blood urea nitrogen of 30 | 
mg/100 ml, serium creatine kinase of 318 units and hematocrit 
of 35 percent. An emergency aortogram revealed dissection 
of the ascending aorta, arch and descending aorta. The left 
carotid artery was more involved than the right, and grade2 . 
aortic insufficiency was noted. The celiac, superior mesenteric 
and left renal arteries were all supplied by the false lumen (Fig. 
7). The patient's hospital course consisted of medical therapy 
with trimethephan and furosemide (Lasix9), needed to sup- 
port her renal output. Three days after transfer her blood 
pressure had stabilized at 90/50 mm Hg. Upon discharge, her 
blood pressure was 150 to 130/90 mm Hg. A repeat aortogram 
6 months later showed an intimal tear in the aortic arch with 
proximal and distal extension and opacification of the false - 
lumen (Fig. 8). 

Comment: Although initially eligible for classifica- 
tion in class A; because of aortic insufficiency, carotid 
obstruction and arch dissection, this patient was placed 
in class C because of general debility and an acute 
myocardial infarction. 
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FIGURE 7. Case 4. Emergency aortogram showing the false lumen in 
the ascending aorta and perfusion of the celiac, superior mesenteric 


and left renal arteries from the false lumen in the abdominal aorta. 
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Discussion 


— Definition and incidence of aortic arch dissec- 
tion: Clinically, the diagnosis of d'ssection of the aorta 
— with “important” arch involvement as opposed to sec- 

_ ondary involvement is made with angiography or at 
surgery or autopsy. Accordingly, not all patients with 


— “important” arch dissection will be appropriately 


diagnosed at the outset if angiography fails to define the 


—— origin of dissection as occurred in two of our four cases. 
— Indeed, there were indications for surgery in Cases 1 and 


- 3. Although the preoperative diagnosis led us to use 
thoracotomy, the concomitant use of cardiopulmonary 
bypass allowed mobilization of the heart, ascending 
aorta and arch without much difficulty. Wrapping of the 
- arch in both patients was successful and the death of the 
first patient 4 weeks after operation was related to 
partial repair of the descending aortic dissection. 
Angiographic demonstration in Patients 2 and 4 and 
concomitant contraindications to surgery because of 
severe coronary artery disease, myocardial infarction 
or general debility led us to utilize medical therapy with 


TABLE II 
. Flow Sheet for a Therapeutic Approach to Aortic Arch 
Dissection 


— |. Diagnosis established with angiography 
_A. No surgery if patient's condition is stable. Institute intensive 
medical therapy. 

B. Observe for complications of 

1. Continuing pain 
— Surgery: wrapping operation. 
2. Expansion 
3. Cerebral symptoms — Surgery: resection with 
prosthetic interposition. 
Il.. Diagnosis established during an operation. 

A. Regardless of incision (sternotomy or thoracotomy), place on 
cardiopulmonary bypass and expose ascending aorta arch 
and descending aorta. 

B. If cerebral symptoms present, resect the aorta and repair with 
prosthetic graft. 

C. If no cerebral symptoms present, wrap the aorta. 





FIGURE 8. Case 4. Follow-up aor- 
togram performed at 6 months 
showing the true (left) and false 
(right) lumens. The intimal tear was 
determined to be in the aortic arch 
by following the course of the 
catheter in and out of the true lumen 
at the level of the aortic arch. 


success. Repeat arteriography showed no extension of 
the dissection in one and healing in the other. 

The incidence rate of arch involvement as the only 
area for dissection is low and in Shennan's series? was 
only 2 percent (6 of 243) of acute aortic dissections. 
However, as many as 15 percent of patients may have 
arch involvement or dissections in association with other 
areas of acute aortic dissection excluding cases in which 
a sheath-like dissection extends from an ascending 
aortic intimal tear. In our own series, among 42 patients 
seen with acute aortic dissection between 1971 and 1976, 
we have identified 4 patients with the *important" arch 
dissections described in this report. 

Guidelines for management of aortic arch dis- 
section: Arch dissection is in the majority of instances 
a lethal disease if untreated. Although cerebral com- 
plications were thought to be so frequent as to make 
surgery mandatory in all patients, we have observed 
that it is possible to prevent these complications by 
appropriate radical medical management. Therefore, 
we propose a new flow chart (Table II) for management 
of patients who have important arch dissection (again 
excluding those who have a sheath-like extension of a 
primary ascending or descending aorta dissection into 
the arch). 

A. In patients whose condition is hemodynamically 
stable (no shock, no serious irreversible cerebral 
symptoms, no continuing pain with medical therapy and 
no expansion under observation), continuing vigorous 
medical therapy is indicated, provided that the diag- 
nosis is made with angiography before the need for 
surgery is assessed. Subsequently, if there is continuing 
pain or expansion, wrapping of the aortic arch can be 
performed. In two such patients we observed no ill ef- 
fects or extension of the wrapped dissected arch. If ce- 
rebral symptoms develop during intensive medical 
therapy then resection of the arch would be indicated 
to control the disease.! 

B. When a primary arch dissection becomes evident 
during operation for a preoperatively diagnosed de- 
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scending or ascending aortic dissection, the patient 
should be placed on cardiopulmonary bypass and the 
arch and the ascending and proximal descending aorta 
exposed. The ascending and descending aorta should 
be transected, the double lumen reconstituted to a 
single lumen and a graft placed with concomitant 
wrapping of the arch. This presumes that no important 
reversible cerebral symptoms have occurred before the 
operation because the decision to operate is made on an 
angiographic interpretation that failed to detect the 
arch dissection. We recommend that Table II be used 
in therapeutic decision-making for arch dissections until 
a randomized study is performed of all patients with 
arch dissection. 

Several methods for the preservation of brain and 
myocardial function have been described when repair 
of the aortic arch and branch vessels is attempted. In 
general, these methods have followed the principles of 
other cardiac surgery. Some surgeons?^!? have used 
hypothermia; Griepp et al.!6 recently described the use 
of deep hypothermia (14? C) with total circulatory ar- 


rest. Roe!? has suggested a washout of carbon dioxide 
into the femoral artery to prevent the consequences of 
gas embolization. Needless to say, continuing intensive 
medical therapy as in all cases of surgically treated 
dissection should be followed. 

In summary, we propose that no. 16 be removed from 
the *old" ABC classification (Table I) and that, following 
appropriate guidelines, both medical and surgical 
therapy be used in cases of arch dissection. We have 
initiated a prospective randomized study of medical and 
surgical therapy but, because of the small number of 
patients anticipated, it may be 3 or 4 years before sig- 
nificant results are accumulated. The present guidelines 
will assist decision-making in the interim. 


Addendum 


The patient in Case 3 died of rupture of the unpro- 
tected descending aorta 13 months postoperatively. The 
section of the aorta operated upon was healed at au- 


topsy. 
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Medical versus surgical treatment of unstable angina was compared 
in a prospective nonrandomized study of 118 patients. Acute transient 
ST-T wave changes were present during chest pain in all patients. Acute 
infarction was excluded by serial electrocardiograms and enzyme studies. 
All patients admitted to the coronary care unit from 1970 to 1975 who 
fulfilled the entry criteria were included in the study. The starting point 
for data evaluation was 5 days after hospital admission. Characteristics 
at entry were similar in 66 medically treated patients and 52 patients who 
had coronary bypass vein graft surgery. During a mean follow-up period 
of 23 months in 66 medically treated patients with unstable angina the 
incidence rate of nonfatal myocardial infarction was 17 percent and the 
total mortality rate 21 percent compared with respective rates of 19 
percent and 5.8 percent in 52 surgically treated patients. In the surgical 
group 8 patients (15 percent) had a perioperative infarction and only 2 
(4 percent) had a late infarction; one patient (2 percent) died at operation. 
Symptomatic improvement was observed more frequently in the surgically 
treated group. Sixty percent of surgically treated patients were free of 
angina compared with 21 percent of medically treated patients. Eight 
medically treated patients (12 percent) required late surgical treatment 
for persistent severe angina despite optimal medical management. 


Operative treatment of unstable angina continues to be widely applied 
as indicated in reports of the results of surgery from many medical 
centers. ‘These reports!-* have clearly demonstrated that in patients with 
unstable angina coronary arteriography and bypass vein graft surgery 
can be performed at an acceptably low mortality rate and can lead to 
substantial relief of symptoms. Although such surgery may prevent late 
myocardial infarction, the incidence of perioperative infarction is suf- - 
ficiently great to offset this advantage. Whether the operation improves 
survival is difficult to assess. Prospective randomized and comparative 
studies of medical versus surgical treatment have indicated no difference 
in survival or incidence rates of nonfatal infarction over follow-up periods 
of 4 to 20 months.?-? Bertolasi et al.^* obtained similar data in a ran- 
domized study of 61 patients with progressive angina. In their subgroup 
of 52 patients with the intermediate syndrome the mortality and inci- 
dence rates of nonfatal infarction were significantly lower in their surgical 
group than in the medical group after a mean follow-up time of 18 
months.?? Large scale prospective randomized studies will provide better 
information regarding survival over longer follow-up periods with more 
patients. 

Randomized studies ensure that medical and surgical treatment 
groups are identical and eliminate bias in assignment of patients to 
treatment groups. However, such studies may not contain a population 
group that represents all patients with the disease to be studied. This 
is reflected by the fact that usually only a small number of patients are 
entered into such studies from a larger population of eligible patients. 
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Studies that report the outcome of therapy in all pa- 
tients with a disease entity may therefore provide ad- 
ditional data of clinical importance especially if the 
choice of treatment method is largely a random pro- 
cess. 

Our study was performed for these reasons. All pa- 
tients with unstable angina who were admitted to the 
Palo Alto Veterans Administration Hospital from 1970 







year old housewife with recurrent episodes of acute coronary insuffi- 
ciency of 3 weeks’ duration. She had severe proximal stenosis of the 
left anterior descending coronary artery. She had no symptoms during 
2 years of follow-up after a single bypass graft. Graft patency was 
demonstrated 15 months after operation. 


FIGURE 2. Electrocardiogram showing ischemic S-T segment de- 
pression during chest pain in a 72 year old man who had chronic stable 
- angina with 24 hours of crescendo angina. The S-T segments became 
isoelectric when pain was relieved. The patient had triple coronary 
vessel disease and three vein grafts were placed. He had no symptoms 
in the 9 month follow-up period after operation. 
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to 1975 were evaluated. All patients who fulfilled es- - 


tablished diagnostic criteria were included in the study. 
A continuous prospective evaluation was carried out in 
all study patients. The characteristics at entry and 
outcome of surgical versus medical treatment are re- 


ported. The starting point for evaluation was 5 days 


after hospital admission. 


Material and Methods 
Definition of unstable angina: All patients fulfilled at least 


one of the following three criteria for the diagnosis of unstable - 


angina and inclusion in the study?: 
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FIGURE 3. Electrocardiograms of a 55 year old man with angina of in- 
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creasing severity and episodes of angina at rest for 30 days before 


admission. He had had an inferior myocardial infarction 1 year pre- 
viously. He had normal serum enzyme levels and triple vessel coronary 


disease. A, acute S-T segment elevation during chest pain. B, isoelectric 


an 


S-T segments after relief of pain. This patient was given three vein grafts - 
that were patent 1 year postoperatively. He had a perioperative infarct, - 


and mild effort angina was still present 13 months after operation. 
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~. 1. Clinical features: (a) Stable angina with a recent increase 
. in severity within the previous 8 weeks. (b) Angina of recent 
. onset and increasing severity within the preceding 8 weeks. 
Eo. Acute coronary insufficiency with at least one episode 
E lasting more than 15 minutes within the preceding 2 weeks. 
_ Acute coronary insufficiency was defined as substernal pro- 
E longed anginal pain occurring at rest, lasting more than a usual 
P anginal attack, not relieved by nitroglycerin and associated 
. with sweating, nausea, weakness, dyspnea or weakness. Pa- 
tients who had experienced a proved acute myocardial in- 
_ farction within 3 months of hospital entry were not included 
. in the study. 

~ 2. Electrocardiographic features: Transient electrocar- 
_ diographic changes must have been recorded during a spon- 
boron episode of chest pain. These changes consisted of S-T 
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1 depression, S-T elevation or T wave inversion. The appear- 
. ance of significant new Q waves or other electrocardiographic 
- evidence of recent infarction excluded the patient from the 
- study. Typical electrocardiographic changes are shown in 
— Figures 1 to 3. 
E _3. Serum enzyme changes: Daily serum creatine kinase 
-. (CK), glutamic oxaloacetic transaminase (SGOT) and lactic 
E dehydrogenase (LDH) determinations were performed in all 
. patients. If two successive enzyme levels of more than 150 
J units for CK, 120 units for SGOT and 450 units for LDH were 
© obtained, the patient was excluded from the study. The upper 
- limits of normal for these enzymes in our laboratory are CK 
— 75 units, SGOT 40 units and LDH 450 units. 
—. Hospital observation period: A 5 day hospital observation 
j, Period was a requirement for entry into the study. Patients 
- who died, had an acute myocardial infarction or experienced, 
- within 5 days of hospital admission, complications of their 
- disease that would have excluded them from surgical treat- 
- ment are not included in the study. 


P Medical and surgical treatment groups: All patients who 
_ were observed in the coronary care unit from June 1970 to July 
_ 1975 and who fulfilled the criteria outlined were included in 
_ the study. Any patient who had any condition that would 
- contraindicate coronary surgery was excluded. 
- . All patients who fulfilled the diagnostic criteria for unstable 
E E e a A x 
-.angina and who received surgical therapy during the same 
_ time period were included. 
3 . Selection of treatment method: The decision regarding 
- whether an individual patient would be managed surgically 
_ Was not based on a consistent policy within the hospital. 
- Several factors influenced the decision: (1) the opinion of the 
- house staff and attending physician; (2) the patient's prefer- 
. ence; (3) recommendations of the referring physician; and (4) 
F constraints of the surgical schedule and, to a lesser extent, of 
_ the angiographic work load. 
- Medical management: Medical management consisted 
- initially of bed rest in the coronary care unit with continuous 
- monitoring, sedation and symptomatic treatment of chest 
pain with nitroglycerin, long-acting nitrates, propranolol and 
. oxygen.? Meperidine (Demerol*) or morphine was given for 
severe pain; nitroglycerin ointment was used for frequent, 
. recurrent episodes of angina or for nocturnal angina. During 
_ the posthospital follow-up period short- and long-acting ni- 
"trates and propranolol were used to relieve symptoms. 
_ Surgical treatment: Aortocoronary bypass surgery using 
_ saphenous vein grafts was performed according to a previously 
. described method.! Valve replacement or resection of myo- 
- cardial scars was not performed. Three patients had endart- 
. erectomy only. - 
- Criteria of operability: Obstructive proximal coronary 
. lesions of 50 percent or more of normal luminal diameter with 
. adequate distal vessel luminal diameter were considered op- 
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erable. A 50 percent reduction in luminal diameter is equiv- 
alent to a 75 percent reduction in luminal cross-sectional area. 
This criterion has been employed by the Veterans Adminis- 
tration Cooperative Study of Coronary Arterial Surgery.!° An 
ejection fraction of less than 40 percent and the presence of 
left ventricular aneurysm, mitral regurgitation or persistent 
left ventricular failure at rest, were reasons for exclusion from 
the study. 

End points: The following data points were used in the 
evaluation of therapy: 

1. Death after 5 days of hospital admission or during the 
follow-up period: Deaths due to noncardiac causes were ex- 
cluded. 

2. Acute myocardial infarction after 5 days of hospital 
admission: Acute infarction was diagnosed when new signif- 
icant Q waves appeared with evolutionary changes in the 
presence of a compatible clinical presentation. Intraoperative 
infarction was diagnosed using the same,criteria but, in ad- 
dition, a signifcant elevation of CK, SGOT or LDH was also 
required. 

3. Hospital readmission for cardiac reasons: These reasons 
included recurrent episodes of angina, acute coronary insuf- 
ficiency, suspected or proved myocardial infarction, congestive 
heart failure, cardiac arrhythmia or postoperative complica- 
tions. 

4. Relief of angina: Angina was evaluated as absent, 
moderate or severe on the basis of the average level of symp- 
toms over a 1 month period before the follow-up interview. 
Angina was described as ahsent when no chest pain had been 
noted for the preceding month. Moderate angina consisted 
of episodes that occurred at least weekly but not daily, were 
easily relieved by nitrates and did not interfere with normal 
activity. Anginal episodes that occurred daily and limited 
normal activity were classified severe. 

5. Medical treatment failures: Patients in the medical 
management group who had subsequent aortocoronary bypass 
surgery for persisting symptoms despite adequate medical 
treatment were classified as medical treatment failures. 

Data analysis: Data on each patient were entered in a card 
file system and analyzed using the Statistical Package for the 
Social Sciences (SPSS) routine at the Stanford Computation 
Center. Student's unpaired t tests were used to compare entry 
data for the patients in the group with unstable angina. Paired 
t tests were used to assess the statistical significance of 
changes in variables over the follow-up period in both groups. 
P values of 70.05 were not considered significant. 

Exclusions: A total of 128 patients met the diagnostic cri- 
teria for unstable angina after 48 hours of observation in the 
coronary care unit. Ten patients were excluded from the 
study. Five patients were excluded because of nonfatal acute 
myocardial infarction occurring within the first 5 days of 
hospital entry and after the 48 hour observation period. Four 
patients were excluded because coronary arteriography re- 
vealed insufficient coronary disease (two patients) or inop- 
erable disease (two patients). One patient died between the 
second and fifth days of hospital observation. 

A total of 79 patients had coronary arteriography (52 sur- 
gically treated and 27 medically treated patients). No serious 
complications or deaths occurred in these patients. 


Results 
Follow-up Data 


The status of 52 surgically treated and 66 medically 
treated patients at a mean follow-up interval of 18 
months is shown in Table I. Eight patients in the total 
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TABLE | 


Follow-Up Results of Medical Versus Surgical Management 
in 118 Patients with Unstable Angina 


Medical Surgical 
Group Group 
Patients (no.) 66 52 
Mean age (yr) 52 53 
Prior infarct (by electrocardiogram) (%) 56 34 
Follow-up time (mo.) 23 24.6 
Nonfatal infarct (%) 17 19* 
Mortality (%) 21 5.8t 
Angina (%) 
None 21 eot 
Moderate 44 28 
Severe 35 121 
Late hospital entry (95) + 24 36.5 
Late operations (96) 8 12 3.8 


* Fifteen percent were perioperative infarcts and 4 percent were 
late infarcts. 

Probability (P) value «0.05 (difference between medically and 
surgically treated patients). 

t Includes any hospital admission for cardiac symptoms except 
for nonfatal or fatal myocardial infarction or elective admission for 
follow-up study. 


All late coronary operations were bypass vein grafts for pro- 


gressing symptoms. 


group (6.8 percent) were lost to follow-up study after a 
mean follow-up time of 3.7 months (range 1 to 9 
months). Three were medically treated and five were 
surgically treated patients. 

The incidence rates of nonfatal myocardial infarc- 
tion were similar in the medically and surgically treated 
patients (17 versus 19 percent). All but two of the in- 
farcts in the surgical group were perioperative. In the 
medically treated patients 36 percent of the infarcts 
occurred within 1 month after hospital admission. 

The mortality rate was higher in the medical group 
than in the surgical group (21 versus 5.8 percent). This 
difference is statistically significant (P «0.05). Death 
occurred within 1 month after hospital entry in 21.5 
percent of medical patients who died (Table II). 

Symptomatic improvement was greater in the sur- 
gical than in the medical group as assessed by the 
presence or severity of angina. Sixty percent of the 
surgical but only 21 percent of the medical group had 
no angina. The incidence of late hospital admissions for 
cardiac problems was similar in both treatment groups. 
The principal reasons for late hospital admission were 
chest pain (23 patients), left ventricular failure (7 pa- 
tients) and miscellaneous cardiac symptoms (5 pa- 
tients). Eight medically treated patients had persisting 
severe angina despite optimal medical therapy and had 
late surgery. Two patients in the surgical group had a 
second late operation for the relief of persistent angi- 
na. 

The time of occurrence of coronary events in the two 
groups of patients is indicated in Table II. 

Left main coronary artery disease: Recent stud- 
ies!? have demonstrated that significant disease (de- 
crease in luminal diameter of 50 percent or more) of the 
left main coronary artery is associated with a poor 
prognosis with medical treatment alone and that sur- 


May 4, 1977 The American Journal of CARDIOLOGY Volume 39. 737 


(00 MIVA OINMNIA "IVE I ANEI LP AL. 
Z > . Z ^ 


TABLE Il 


Coronary Events in 118 Patients With Unstable Angina 
Medical Surgical | 
Group Group 
Nonfatal infarction 
Total (no.) 11 10 
Early (%)* 36 80 
Late (%)t 64 20 
Deaths 
Total (no.) 14 3 
Early (%)* 21.5 33 
Late (%)t 78.5 67 


* Occurring within 1 month of hospital admission. 
t Occurring later than 1 month after hospital admission. 


gery substantially improves survival. To determine the 
effect of this lesion upon survival in the medical treat- 
ment group an analysis of all deaths was made. Left 
main coronary disease was not present in the three fatal 
cases in the surgical group nor were left main lesions 
present in 8 of the 14 fatal cases in the medical group. 
Six of the medically treated patients did not have an- 
giography or adequate autopsy. | 
Medically treated patients who died or T. 
myocardial infarction: The clinical features of the 
patients in the medical group who died or had a nonfatal 
infarction were compared with the characteristics of the 
entire group of 66 medical patients at entry. No signif- 
icant differences were observed in regard to the fol- 
lowing characteristics: (1) presence of acute coronary 
insufficiency versus progressive angina; (2) electrocar- 
diographic evidence of prior myocardial infarction; (3) 
severity and characteristics of acute electrocardio- 
graphic changes; (4) elevation of serum enzyme levels 
during observation period; (5) persistence of chest pain 
for more than 48 hours after hospital admission. The 
mean duration of acute symptoms before hospital entry. 
was less in the group who died or had a nonfatal in- 
farction than in the total group (2.5 versus 15 days). 


Surgical Results 


Aortocoronary bypass surgery was performed in 52 
patients; there was one operative death (mortality rate 
1.9 percent). The death occurred in a 59 year old patient 
with stable angina of 8 years' duration and a history of 
diabetes mellitus. He had had increasingly severe angina 
for 2 weeks before hospital admission. The pain was 
associated with S-T depression and deep T wave in- 
version. The highest preoperative serum enzyme levels 
were CK, 60 units; SGOT, 43 units; and LDH, 300 units. 
Arteriography revealed severe triple coronary artery 
disease. No left ventricular angiogram was obtained. 
Bypass vein grafts were placed in the right and left an- 
terior descending coronary arteries. At the conclusion 
of the procedure, the left ventricle became hypodynamic 
and the patient could not be taken off cardiopulmonary 
bypass. No autopsy was performed. 

Perioperative infarction occurred in eight patients 
(15 percent). All infarcts were characterized by the 
appearance of new significant Q waves that persisted 
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TABLE Ill 
Surgical Results in 52 Patients With Unstable Angina 


Operations performed (no.) 


Single graft 10 
Double graft 27 
Triple graft 12 
Endarterectomy for localized lesions 3 
Operative mortality (96) 2 
Operative infarction (96) * 15 


Interval from hospital admission to surgery 
(mean and range) 10.1 days; 2 to 39 days 
Graft patency (31 patients) (%)t 


All open 61 
Some open 52 
None open 10 


* Diagnosed when both new persistent Q waves appeared after 


_ operation and when abnormal serum enzyme elevations were present 
-for at least 2 days. 


Graft opacification studies were performed 12 months after 


- operation. 
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- for 3 months after operation. Abnormal enzyme eleva- 
_ tions were noted in all eight patients. 


Late shunt angiograms (mean 12 months after op- 


_ eration) were performed in 31 surgically treated patients 
-. (60 percent). Nineteen patients (61 percent) had all 
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grafts open, 16 (52 percent) had some grafts open and 
-. 8 (10 percent) had all grafts closed. 


Details of the operative procedures performed are 


- shown in Table III. The mean interval from the initial 


- hospital entry to operation was 10 days (range 2 to 39 


. days). 
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Comparability of Two Treatment Groups 


A critical question in a nonrandomized study is 


- whether the two treatment groups are similar in terms 
- of objective descriptors at the time of entry. Several 
- analyses were made to examine this problem and the 
- data are summarized in Table IV. 
_. The clinical presentations were similar except for a 
slightly larger number of patients in the surgical group 
- who had stable angina with increasing symptoms (71 
. versus 50 percent); this difference is not statistically 
- significant. Risk factors for the two groups at entry are 
- shown in Table V. No significant differences are evi- 


z 
a 


- dent. 


In the surgical group more patients had electrocar- 


i diographic signs of prior infarction (56 versus 34 per- 
_ cent) and S- T segment elevation during chest pain (26 
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- TABLE IV 


Clinical Presentation in 118 Patients With Unstable Angina 
Medical Surgical 
Group Group 
Patients (no.) 66 52 
- Increased severity of stable angina (95) 50 71 
Angina of recent onset (95) 10 25 
Acute coronary insufficiency (96) 
- With other symptoms 74 BO 
— Alone 25 19 
Mean duration of acute symptoms (days) 15 22 
- Chest pain lasting more than 48 hours (96) 34 26 
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TABLE V 
Risk Factors at Entry in 118 Patients With Unstable Angina 


Medical Group Surgical Group 


Patients (no.) 66 52 
Positive family history (96) 37 34 
History of diabetes (96) 11 20 
Smoking 81 93 
History of hypertension (%) 36 32 


Blood pressure (mm Hg) 
(mean and range) 


Systolic 140(96—210) 136(100—200) 
Diastolic 87(70—120) 86(60—125) 
Serum cholesterol (mg/100 ml) 260(171—450) 256(161—425) 


(mean and range) 


versus 17 percent). These differences are not significant 
except for a greater incidence of infarction patterns in 
the surgical group (Table VI). 

Treadmill tests were performed after discharge from 
the coronary care unit or before surgery in 65 patients. 
A positive test was defined as flat S-T segment de- 
pression of 1 mm or more with a duration of depression 
of 0.08 second or more in the electrocardiogram ob- 
tained immediately after exercise with the patient su- 
pine. Of 35 medically treated patients 25 (71 percent) 
had a positive test. Of 26 patients treated surgically 19 
(73 pereent) had a positive preoperative treadmill test. 
Other data regarding treadmill tests are shown in Table 
VII. There was no significant difference between the 
medica! and surgical groups with respect to the inci- 
dence of positive tests, heart rate attained or duration 
of exercise. Thirteen medically treated patients had 
treadmill tests but did not have arteriography; eight of 
these patients (61 percent) had a positive test. Tread- 


TABLE VI 


Electrocardiographic Data in 118 Patients 
With Unstable Angina 


Medical Surgical 
Group Group 
Patients (no.) 66 52 
Acute changes (96) 
T wave inversion 67 59 
S-T depression 36 33 
S-T elevation 17 26 
Stable infarct pattern (96) 34 56* 
* Probability (P) «0.025. 
TABLE VII 
Treadmil! Test Results* in 61 Patients 
With Unstable Angina 
Medical Surgical 
Group Group 
Patients (no.) 35 26 : 
Positive tests (no. and 96) 25(71) 19(73) 
Maximal heart rate (mean) 133 136 
Seconds of exercise (mean) 341 326 


*Within 30 days before or after entry into study (medical group) 
or before surgery (surgical group). 
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mill tests were performed within 30 days before opera- 
tion in the surgical group and within 30 days before or 
. after entry into the study in the medical group. 

Serum enzymes were evaluated in both groups of 
patients. Figure 4 shows the highest serum enzyme 
levels of each patient during the hospital observation 
period and Table VIII shows the mean values of these 
- levels in both groups of patients. There was no signifi- 
cant difference between the two groups. No patient had 
electrocardiographic signs of transmural myocardial 
infarction. Nontransmural infarction could not be ex- 
cluded in patients who had abnormal elevations of 
serum enzyme levels with ST-T wave changes persisting 
for 2 to 4 days. Patients with abnormal enzyme eleva- 
tions persisting for more than 1 day were excluded. The 
data in patients with single abnormal enzyme values are 
shown in Figure 4. 

Coronary arteriography was performed in a total of 
27 patients (41 percent) in the medical group and in all 
patients in the surgical group. The comparative results 
are shown in Table IX. Medically treated patients had 
a higher incidence rate of single vessel disease (19 versus 
9 percent). T'he overall differences were not statistically 
significant except for a greater incidence of right coro- 
nary artery disease in the surgical group. 


Discussion 
Conclusions Derived From Study 


1. The diagnostic criteria used in our study will 
identify a group of patients who have a high incidence 
rate of operable coronary disease revealed by arteriog- 
raphy. 

2. Coronary arteriography can be performed safely 
in patients with unstable angina. Surgical intervention 
in unstable angina can be performed with a low opera- 
tive mortality rate, but perioperative infarction still 
occurs in 15 percent of patients. 
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_ FIGURE 4. Serum enzyme levels during the hospital observation period 
in 118 patients with unstable angina. The highest values for each patient 
are indicated. 
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3. Transient abnormal elevations of serum enzymes 
occur frequently in patients with unstable angina but 
are not a contraindication to surgical intervention. 

4. A period of. observation and medical treatment of 
5 to 10 days can be carried out before operation without. 
increased risk of death. Five patients had a nonfatal. 
infarction and one patient died during the first 5 days 
of hospital entry. It cannot be assumed that prompt 
operation would have prevented infarction or death in 
these patients but further data are necessary to settle 
this point. Other workers^ have suggested that a pre- 
liminary period of medical treatment of unstable angina 
before surgery is beneficial and is not associated with. 
significant early preoperative mortality. 

Surgical management of unstable angina cannot be 
justified on the basis of prevention of myocardial in- 
farction because of the significant incidence of periop- 
erative infarction despite a low operative mortality rate. 
Other studies have reported a similar incidence of per- 
ioperative infarction. Late infarction occurs less fre- 
quently after surgical intervention than with medical 
treatment. Although our study has demonstrated an 
improvement in survival with surgical treatment a 
longer follow-up evaluation of a larger number of pa- 


TABLE VIII 


Highest Serum Enzyme Values During Hospital Observation 
Period in 118 Patients With Unstable Angina 


Medical Group Surgical Group 
Patients (no.) 66 52 
Highest serum enzyme values 
(units) (mean and range) * 
Creatine kinase (CK) 91(1—537) 70(3—481) 
Serum glutamic oxaloacetic 43(9—144) 32(2-101) 


transaminase (SGOT) 


Lactic dehydrogenase (LDH) 264(112-820)  272(79—760) 


* The upper limits of normal in our hospital are: CK 75, SGOT 40, 
LDH 450. 


TABLE IX 
Angiographic Findings in 79 Patients With Unstable Angina 
Medical Surgical 
Group Group _ 
Patients (no.) 27 52 
Coronary vessels involved (96) 
Number 
One 19 9 
Two 27 21 
Three 54 70 
Branch E 
Left main 7.7 11.5 
Left anterior descending 77 90 | 
Right 73 94%... “a 
Circumflex, marginal 69 77 
LV contraction (%) "ít 
Normal 31 26 
Moderately abnormal 54 60 
Severely abnormal 15 13 
Ejection fraction (mean) (96) 66 68 
Ejection fraction <50% (96) ie R (a 


* Probability (P) <0.02. 
LV = left ventricular. 
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- tients will be necessary to evaluate this question thor- 
oughly. 

_ More substantial relief of angina and recurrent chest 
pain follows surgical treatment than medical manage- 
ment. 

Further data will be needed from large scale pro- 
spective randomized studies to evaluate the compara- 
tive mortality in identifiable subgroups of patients in 
whom the risk of medical treatment may be greater than 
that of surgical treatment. 


Limitations of Study 


Our study has several limitations: 
1. A prospective randomized evaluation was not 
carried out. Randomization would have ensured that 
both treatment groups were identical. Some differences 
between the two groups are apparent. The surgical 
group had a slightly greater incidence of stable angina, 
angina of recent onset and prior myocardial infarction 
and a smaller incidence of single vessel disease. Major 
- recognized risk factors appeared to be evenly distrib- 
uted between the two groups. These factors included: 
chest pain of more than 48 hours' duration, hyperten- 
sion and serum enzyme changes. In patients who had 
angiography and treadmill tests the following risk fac- 
- tors were evenly distributed between the two groups: 
left main coronary artery disease, abnormal left ven- 
tricular function, abnormal ejection fraction and inci- 
dence of positive treadmill tests. These data indicate 
that the two treatment groups were similar in terms of 
significant factors that affect prognosis. 
The method of analysis used in our study has some 
advantages over a prospective randomized approach. 
All patients with unstable angina observed in a single 
- hospital can be entered into the study. This results in 
- a larger number of patients for analysis and ensures that 
one is evaluating a representative sample. Randomized 


studies must rely on patient acceptance of randomiza- 
tion. This may result in a smaller number of patients 
available for evaluation and the sample group studied 
may not be representative of the total patient popula- 
tion. However, randomized studies ensure that the two 
treatment groups are identical, a goal rarely achieved 
in prospective, nonrandomized studies. 

2. Arteriography was not performed in all of the 
medically treated patients. Some of the patients in the 
medical group who did not have arteriography may not 
have been suitable for surgery either because of inop- 
erable severe disease or insufficient coronary disease. 
'The number of such patients is probably low. None of 
the 27 medically treated patients who had arteriography 
were eliminated for this reason. Of all the patients who 
had arteriography only 4 of 78 (5 percent) had unsuit- 
able arteriograms. A total of 13 patients in the medical 
group underwent treadmill tests but did not have cor- 
onary arteriography; 8 of these patients (61 percent) had 
a positive treadmill test and, presumably, significant 
coronary artery disease. These data indicate that the 
strict clinical diagnostic criteria employed in our study 
will identify a population of patients who are likely to 
have operable coronary disease revealed by arteriog- 
raphy. 

3. The study group was small and the follow-up 
period short. 'The small number of patients in our study 
and the short follow-up time does not permit analysis 
of high or low risk subgroups. It is estimated that to 
provide adequate data regarding specific subgroups a 
total of at least 700 patients and a minimal follow-up 
time of 3 years are necessary. 
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A 55 year old woman with palpitations during ingestion of food or drink was 
evaluated with surface, esophageal and dynamic electrocardiographic - 
techniques. Recordings documented the consistent induction of supra- 
ventricular tachycardia by swallowing; no definable gastrointestinal or 
other cardiac abnormality was present. Nine previously reported cases 
are reviewed, with special reference to the role of vagovagal reflexes in 
the pathogenesis of this unusual clinical syndrome. 


Physical maneuvers such as eyeball compression and the Valsalva ma- 
neuver are commonly effective in converting paroxysmal supraven- 
tricular tachycardia to normal sinus rhythm.! By increasing vagal tone, 
they alter the critical relations between refractory periods and conduc- 
tion velocities needed to sustain reentrant arrhythmias.? 

Induction of these tachyarrhythmias by physical manipulations is 
considerably less common. One such association is swallowing-induced 
atrial tachycardia. Although it was first described by Sakai and Mori? 
in 1926, only a few cases? !! have been reported and its origin is unclear. 
We report here one such case studied with esophageal and dynamic 
electrocardiographic techniques. 


Case Report 


A 55 year old woman was referred for evaluation of palpitations. Approxi- 
mately 6 months before referral she noted the onset of an irregular heartbeat 
and short runs of rapid regular palpitations during meals and, particularly, with 
the ingestion of hot coffee or tea. Palpitations were noted only rarely at other 
times. Apprehension accompanied each episode. She denied chest pain and 
symptoms of pulmonary or peripheral circulatory congestion, gastrointestinal 
or biliary tract dysfunction. 

Five years before evaluation, she had hypertension and was effectively treated 
with a hydralazine-thiazide combination. She consumed an average of three cups 
of coffee and two cups of tea a day but did not drink alcoholic beverages or use 
tobacco products. 

Physical examination demonstrated a mildly obese apprehensive patient with 
an intermittently irregular pulse but no other abnormal findings. Routine lab- 
oratory studies including chest roentgenograms, serum electrolyte determina- 
tions and thyroid function tests were normal as were radiographic studies of the - 
upper gastrointestinal tract including cineesophagrams. Esophageal manometric 
studies were normal; esophageal distension at multiple levels did not induce 
arrhythmia. An echocardiographic evaluation yielded normal findings; the left. 
atrial size and mitral valve movements were normal. 

Resting 12 lead electrocardiograms and a Frank lead vectorcardiogram were 
normal. 'The P-R interval measured 0.18 second, there were no delta waves and 
the corrected Q- T interval was normal. 

A 24 hour Holter dynamic electrocardiographic record revealed numerous 
episodes of supraventricular tachycardia (Fig. 1). Of 87,207 beats monitored, 
8,629 (9.9 percent) were atrial premature beats or beats occurring within runs 
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FIGURE 1. An example of supraventricular tachycardia recorded si- 
. multaneously on three channels using an esophageal electrode. 
— Swallowing was initiated after the first QRS-T complex, as indicated 


. by the dark bullets. Of note are the initiation of the tachycardia by an 
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atrial premature beat different from the sinus P wave (first P wave of 


each panel), the prolonged P-R interval of this beat relative to that of 


- Sinus beats and the variation of P-P intervals during the paroxysm. Il = 
lead Il; BE = bipolar recording from the esophageal electrodes, 37 cm 


and 36 cm distal to the nares; UE = unipolar recording from the 


esophageal lead placed 37 cm distal to the anterior nares. Paper speed 


= 50 mm/sec. 


EX of supraventricular tachycardia. The majority occurred during 
__ the three major meals and with ingestion of coffee (Fig. 2); the 


sleep period was almost free of tachycardia. 
An esophageal lead electrocardiogram was recorded using 
a previously described bipolar lead.!? Within two cardiac cy- 


g cles after the onset of dry swallowing, short bursts of a su- 


: s praventricular tachycardia were consistently recorded (Fig. 


: .. 1). Carotid sinus massage did not induce the arrhythmia and 
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the intravenous injection of 1.0 mg of atropine did not abolish 


it. A total of 78 episodes were recorded using the esophageal 
lead technique. In each, the tachycardia was initiated by an 


- atrial premature depolarization falling near the end of the T 


wave of the preceding sinus beat, that is, with a coupling in- 
terval of 54 + 6 percent (mean + 1 standard deviation) of the 
preceding R-R interval. The P wave configuration of the ini- 


~ tiating beat differed from that of the sinus P wave in both 
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unipolar and bipolar esophageal records (Fig. 1); however, the 


initiating P wave was similar to all subsequent P waves. 


The atrial rate during the tachycardia varied both within 
a given episode and in successive runs. Each episode consisted 
of 5.0 + 2.2 beats. The rate ranged from 148 to 210 beats/min 
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during these paroxysms, with an interval heart rate of 75 to 
105 beats/min. 

Therapy with digoxin (0.25 mg daily), an anticholinergic 
agent (Pro- Banthine$, 15 mg orally, four times daily) and 
orally administered propranolol (160 mg daily) was without 
effect. Quinidine sulfate (200 mg six times daily) abolished 
the arrhythmia. The frequency, duration and rate of the 
tachycardia during therapy did not differ (P 70.2) from pre- 
treatment values. 


Discussion 


Since the first report of swallowing-induced tachy- 
cardia (*schlucktachykardie") by Sakai and Mori? in 
1926, isolated cases have appeared in the European*$^? 
and American'?8-!! literature. All the reported cases 
were characterized by reproducible induction of par- 
oxysmal atrial tachycardia of varying duration by 
swallowing in the absence of known cardiac or esopha- 
gogastric disease. A single case of swallowing-induced 
atrial fibrillation, an abnormality electrophysiologically 
akin to atrial tachycardia, has also been described.!? 

Electrophysiologic basis of the dysrhythmia: The 
electrophysiologic origin of the tachycardia is unknown. 
Some!!! suggest that an ectopic focus is operative 
whereas others? support a reentrant pathogenesis. 
Without complete invasive electrophysiologic stud- 
ies,14-16 à specific mechanism cannot be established. 
However, the intracardiac studies of Engle et al.!! and 
the recording of upright P waves in the inferior leads in 
our case suggest an atrial rather than an atrioventricular 
(A-V) nodal or subjunctional origin of the abnormal 
impulses. 

Mechanism of tachycardia: Direct mechanical 
versus vagal stimulation: The mechanism for this 
unusual association remains speculative. Some?!!:18 
suggest a direct mechanical interaction between the - 
distended esophagus and the adjacent left atrium. Two 
observations are offered as support. First, both Bajaj et 
al.? and Cohen et al.!? reported induction of arrhythmia 
by inflation of an intraluminal esophageal balloon at, 
and only at, the subcarinal level. In other cases, as in 
ours, atrial esophageal distension was not arrhythmo- 
genic. Second, the intracardiac electrograms described 
by Engle et al.!! suggest a left atrial origin of the atrial 
forces. 
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FIGURE 2. Representative samples 
C of a Holter heart rate trend record- 
ing. Six 30 minute segments are il- 
lustrated corresponding to periods 
of sleep (A, 3:30 to 4:00 AM), eating 
breakfast (B, 7:15 to 7:45 AM), 
eating lunch (C, 11:40 AM to 12:10 
PM), drinking coffee (D and E, 1:40 
to 2:10 PM and 3:05 to 3:35 PM, 
respectively) and eating dinner (F, 
5:10 to 5:40 PM). Apparent is the 
temporal association of swallow- 
ing-related activity and frequent 
episodes of tachycardia. - 
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An alternate proposal i is that a reflex | arc is opera- | 


tive, 759 with the afferent limb activated by swal- 
lowing. The most commonly considered path of such a 
reflex is a vagovagal arc, consonant with the known 
predominance of vagal afferents in the alimentary tract. 
Although the more commonly observed result of vago- 
tonia is suppression of supraventricular tachycardia, 
there are substantial experimental and clinical data 
demonstrating that induction of tachyarrhythmias may 
occur. Nahum and Hoff!’ provoked atrial fibrillation 
in the dog by local application of methacholine to the 
area of the sinus node, an effect blocked by prior atro- 
pinization. Topical application and intravenous injec- 
tion of acetylcholine similarly resulted in numerous 
atrial extrasystoles followed by atrial fibrillation.19-?! 
An increase in the vulnerability of the atria to fibrilla- 
tion induced by a single appropriately timed stimulus 
has also been reported.?9.22 

The mechanism of this seemingly paradoxic effect 
of vagotonic agents is unknown?? although it may be 
given an electrophysiologic basis. Vagal stimulation 
reduces the relative refractory periods of atrial tissue 
but in a nonuniform manner.?^ This temporal dispersion 
of recovery periods may then lead to circuitous path- 
ways resulting in abnormal beats. Acetylcholine 
prolongs the relative refractory period of the A-V node;? 
a site frequently included in the reentry path of supra- 
. ventricular tachycardias.!$ This prolongation may also 
lead to circus movements by providing the requisite 
degree of block for reentry to occur.? The delayed con- 
duction permits the impulse to return to atrial tissue 
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after the Sendo lek of repolarization. fodeed. the | 
combination of delayed conduction in junctional tissue © 
and accelerated recovery in the atria may interact syn- - 
ergistically to sustain reentrant tachycardia. Addi- 
tionally, acetylcholine-induced hyperpolarization may 3 
enhance transmission of the dominant impulse into the — 
site of a normally shielded ectopic focus, triggering it to - 
discharge. Clinical reports likewise support the potential - 
ability of vagal stimulation to induce tachyarrhythmias. 
The induction of atrial fibrillation, supraventricular - 
tachycardia and ventricular tachycardia by carotid : sinus 
massage has been documented.?5-?7 

Therapy: Specific vagolytic therapy has been uni- 4 
formly unsuccessful in reported cases. In one report! | 1 


_ atropine shortened the duration of attacks but did not — T 


prevent their occurrence. Digoxin, a vagotonic agent, x 
has likewise been of no benefit. In contrast, cardiac 
glycoside therapy exacerbated the tachycardia in two — 
cases.511 Propranolol has reduced the duration of rate - 
of attacks!?!! but has not, when used alone, abolished - 
the arrhythmia. In our case no significant effects on the - : 
rate and duration of the tachycardia were noted with | 
vagal or beta adrenergic blockade or with digitalis. . 
However, this finding may relate to the wide range of : 
rates and the short duration of the paroxysms before : 
treatment. Quinidine, alone or with propranolol, has - 
been the most effective agent, abolishing the arrhythmia i 
in two previously reported cases!!! and in ours. Thus, © 
although a specific therapeutic regimen cannot be. 
suggested, general suppressive therapy has been of value 
in most known cases. 
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Coronary Arterial Narrowing in Takayasu's Aortitis 


A patient with Takayasu’s aortitis and angina pectoris due to severe 
narrowing of the right and left coronary arterial ostia is described. Ta- 
kayasu's arteritis produces a panaortitis, with thickening of the adventitia 
predominating, and an inflammatory cell infiltrate involving the adventitia, 
outer media and vasa vasorum. Narrowing of the coronary arteries in this 
disease is due to extension into these arteries of the processes of prolif- 
eration of the intima and contraction of the fibrotic media and adventitia 
that occur in the aorta. The distal coronary arteries usually do not manifest 
arteritis and are normal in caliber. Angina pectoris may be the first 
symptom of the disease if the coronary arteries are the initial site of severe 
arterial narrowing. The coronary arterial bypass graft operation is effective 
therapy for treating coronary arterial narrowing due to Takayasu's arte- 
ritis. 


Takayasu’s arteritis is a disease of unknown origin that predominantly 
affects women and usually has its onset during the second or third dec- 
ades of life.! The disease produces an aortitis that may result in stenosis 
or, less commonly, dilatation of the thoracic or abdominal aorta, or both, 
and stenosis or occlusion of the proximal segments of major arteries that 
arise from the aorta.'?^ Generalized systemic symptoms are frequently 
present early in the disease?^; however, the late occlusive phase of the 
disease is characterized by claudication, cerebral ischemia or systemic 
hypertension and cardiac symptoms,*-9 Since Frovig and Loken’ first 
described narrowing of the coronary arteries due to Takayasu's arteritis 
in 1951, coronary artery disease has been considered an uncommon! 
yet potentially fatal complication of this disease. Fhis communication, 
describing a patient who had angina pectoris due to coronary ostial 
stenosis as the first symptom of Takayasu's arteritis, reviews the clinical 
and pathologic features of coronary artery disease in Takayasu's arte- 
ritis. 
Case Report 


A 26 year old woman was hospitalized with complaints of increasingly severe 
episodes of tightness of the neck and rapid heartbeat that were precipitated by 
physical exertion during the 9 months before admission. She had no history of 
serious illness, and there was no family history of premature coronary artery 
disease. 

Physical examination revealed a woman of short stature (126 cm) who had 
normal vital signs. The eptical fundi were normal. There was no cardiac en- 
largement. The heart sounds were normal, and a grade 1/6 systolic murmur was 
present at the base of the right side of the neck. All peripheral arterial pulses 
were present and symmetric (3+). 

The following studies and laboratory tests gave either negative or normal 
results: complete blood count, urinalysis, serum glutamic oxaloacetic trans- 
aminase and lactic dehydrogenase, fasting and 2 hour postprandial serum glu- 
cose, Venereal Disease Research Laboratory study and mononucleosis test, serum 
protein electrophoresis, protein-bound iodine, antistreptolysin O titer,antinu- 
clear and anticytoplasmic antibodies, lupus erythematosus preparations, latex 
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FIGURE 1. A, electrocardiogram in the resting state 
demonstrating S-T segment elevation in lead Ill, S-T 
segment depression in leads V3 to Vs and T wave inver- 
sion in leads IIl and aVF. B, positive treadmill exercise 
electrocardiogaam (beginning at 1.8 miles/hour at a 10 
percent grade) with 3 mm S-T segment depression in lead 
Vs. 


fixation, urinary excretion of mucopolysaccharides, urine 
vanillyl-mandelic acid and 5-hydroxyindole-acetic acid. 
Serum triglycerides were 80 mg/100 ml and cholesterol 155 
mg/100 ml. An erythrocyte sedimentation rate (Wintrobe) was 
2 mm in 1 hour. Roentgenograms of the spine, pelvis and 
hands demonstrated changes of spondylepiphyseal dys- 
plasia. 

An electrocardiogram in the resting state demonstrated 
S-T segment elevation in lead III, S-T segment depression in 
leads V5 to V5 and T wave inversion in leads III and aVF (Fig. 
1). A treadmill exercise electrocardiogram (Fig. 1) showed 3 
mm S-T segment depression in lead V5 beginning at 1.8 
miles/hour at a 10 percent grade persisting to 5 minutes into 
recovery. Hemodynamic measurements at cardiac catheter- 
ization were normal. Selective coronary arteriograms (Fig. 2) 
demonstrated severe narrowing of both the proximal right and 
the proximal left main coronary arteries; the remaining vessels 
were normal in caliber. T'horacic aortography demonstrated 
that the lumen of the thoracic aorta was normal in caliber and 
smooth, and the aortic valve was normal. 

During coronary arterial bypass graft operation, the as- 
cending aorta was found to be the site of inflammatory reac- 
tion with marked thickening of the wall and heavy deposition 
of fibrinous material on the intima. Severe stenosis of the ostia 
of the right and main left coronary arteries appeared to be due 
to proliferation of the aortic intima. 

Microscopic examination of the ascending thoracic aorta 
demonstrated marked thickening of the adventitia, media and 
intima (Fig. 3A). The adventitia showed marked fibrosis and 
acute and chronic inflammation (Fig. 3A and 4A). A promi- 
nent acute polymorphonuclear cell infiltrate was present in 
the adventitia and outer media and involved the vasa vasorum 
(Fig. 3B and 4B). Multinucleated giant cells were present in 
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Follow-up: In December 1970 (6 months after the coronary — 
bypass graft operation) angina pectoris recurred with exertion. — 
A treadmill exercise electrocardiogram showed S-T segment — 
depression with the reproduction of typical angina pectoris. 
Coronary arteriography demonstrated severe narrowing at — 
the origin and insertion of the bypass graft to the right coro- _ 
nary artery, but the artery distal to the graft was normal in - 
caliber. There was no clinical evidence of active inflammatory — 
vascular disease. The patient was treated with digoxin (0.25 © 
mg/day) and propranolol (40 mg/day). 

In August 1975, she was rehospitalized because of increasing 
angina pectoris. A murmur of aortic regurgitation (grade 2/6) 
was present in addition to the systolic aortic ejection murmur - 
(grade 2/6). There was a bruit over the midepigastrium, and 
the pulses in both legs were decreased but symmetric. The - 
erythrocyte sedimentation rate (Wintrobe) was 28 mm inl | 
hour. Aortography revealed mild (grade 14-) aortic regurgi- 





FIGURE 2. Selective right (A) and left (B) coronary arteriograms in the — 
60° left anterior oblique projection showing severe focal narrowing — 
(arrows) of the origin of the right and left main coronary arteries. 


the outer media. The media was thickened; however, the 
elastic fibers were not fragmented (Fig. 4A). There was 
marked intimal proliferation. 
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FIGURE 3. Histologic sections. A, 
ascending thoracic aorta showing 
marked thickening of the adventitia 
(A), media (M) and intima (I) and in- 
flammatory cell infiltrate. B, promi- 
nent inflammatory cell infiltrate of 
the adventitia and outer media, with 
involvement of the vasa vasorum. 
(Hematoxylin-eosin X40 [A] and 
X100 [B], reduced by 27 per- 
cent.) 
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third) and nonfragmented elastic fibers in media (upper third). (Elastica-van Gieson stain X 100.) B, high power view of area of adventitia demonstrating 
acute and chronic inflammation with polymorphonuclear leukocytes, mononuclear cells and multinucleated giant cells. (Hematoxylin-eosin X 250, 
reduced by 25 percent.) 
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tation. The bypass vns to the es coronary artery was oc- | 


- cluded at its origin; however, the distal artery filled through 
collateral vessels from the left coronary arterial circulation. 


"There was focal narrowing (50 percent) at the insertion of the | 


bypass graft to the distal left main coronary artery. An ab- 
dominal aortogram (Fig. 5) demonstrated marked narrowing 
of the aorta in an area that extended from below the renal 
arteries to the origins of the common iliac arteries. 

Coronary bypass grafts were again inserted. Intimal hy- 
perplasia was the most marked histologic change of the dif- 
fusely thickened wall of the occluded vein bypass graft. The 
patient has had no angina since this second bypass graft op- 
- eration. 


Discussion 


Myocardial infarction, systemic hypertension and 
aortic valve regurgitation are common causes of heart 
failure and death in Takayasu’s arteritis.!-5-9.10 
However, coronary artery disease is usually not recog- 
nized until the time of myocardial infarction or after the 
onset of congestive heart failure. 


Histopathology 


Studies of the sequence of histologic changes during 
the development of arterial lesions in Takayasu’s aor- 
titis!!-!? reveal that this disease produces a panarteritis 
characterized by marked thickening of the adventitia, 
media and intima, with thickening of the adventitia 
predominating. The arteritis may involve the aorta from 
the aortic valve to the iliac arteries.! The most marked 
histologic changes usually occur in the ascending tho- 
racic aorta and in the proximal segments of arteries that 
originate from the aortic arch; however, inflammation 
of the aorta may be patchy in distribution throughout 
the aorta. 

The early histologic changes of arteritis in Takay- 
asu's disease include granulomatous inflammation and 
infiltration of mononuclear cells, reticular cells, poly- 
morphonuclear leukocytes and occasional multinucle- 
ated giant cells in the adventitia and the outer part of 
the media. There is also marked inflammation of the 
vasa vasorum. As the arteritis continues, the granulomas 
- become fibrotic, coarse collagen fibers are deposited in 
a dense irregular pattern and marked hyaline fibrosis 
develops in the adventitia. The elastic fibers and smooth 
muscle cells in the media undergo fragmentation and 
necrosis that result in marked fibrosis. Subsequently, 
marked thickening of the intima occurs in areas that 
overlie granulomatous and fibrotic lesions in the media 
and adventitia. This thickening is due to proliferation 
of intimal smooth muscle cells and to deposition of in- 
creased amounts of collagen, acid mucopolysaccharides 
and elastic fibers. 

Stenosis of the lumen of an involved segment of ar- 
tery is produced by contraction of the markedly fibrotic 
adventitia and media. Thickening of the intima also 
may contribute to narrowing or occlusion of the proxi- 
mal segments of arteries that originate from the aorta. 
Narrowing of the coronary arteries is due to extension 


of the processes of proliferation of the intima and con- _ 
traction of the fibrotic media and adventitia that occur- 
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FIGURE 5. Abdominal aortogram showing marked harrowing: of he 
aorta beginning below the renal arteries and extending to involve me: 
origins of the right and left common iliac arteries. 


in the aorta; therefore, stenosis is charackéristicallal j 
limited to the ostia and proximal segments of the cor- 
onary arteries (Table I). Diffuse inflammation of the 
coronary arteries has been demonstrated in only One 
patient with Takayasu’s arteritis.!* | | 
Chronic inflammation of the aortic valued in aye 
asu's arteritis has been observed at necropsy.!?:15.16 The 
valve leaflets have been found to be thickened and their 
edges rolled and retracted, presumably because of 
chronic valvulitis. Slight thickening of all four cardiac 
valves due to the deposition of fibrous tissue that con- 
tained mononuclear cells on both sides of the leaflets 
was observed in one patient with this disease: H os SS 
Clinical Features bf eee p 
Narrowing of the coronary arteries dust to > Take? 
asu’s arteritis has been documented either angio- 
graphically or at necropsy in 16 patients including our 
own (4 men and 12 women, aged 11 to 63 years, average 
34 years) (Table I).!7.9.14,17-2123-75 Karly symptoms 
during their illness included headache or evidence of 
cerebral ischemia (seven patients; Cases 4, 7 to 10, 13 
and 14); congestive heart failure (five patients; Cases 
1, 3, 6, 12, and 15) and angina pectoris (four patients; 
Cases 2,5, 15 and 16). Angina pectoris was a symptom. 
of only three (Cases 5, 8 and 15) of the eight patients. 
(Cases 1, 5, 8, 10 and 12 to 15) who had evidence of a 
myocardial infarction. Two of the four patients (Cases 
5 and 15) who had angina pectoris as one of the initial 
symptoms died of coronary artery disease; the other two s 
patients (Cases 2 and 16) survives after a coronary by- - 
pass ide roe Pul j MUR" T - y 
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Cardiomegaly was present in eight patients (Cases 
1, 3, 4, 6, 7 and 12 to 14), and in three of these patients 
(Cases 3, 4, and 7), it was associated with systemic hy- 
pertension, in two (Cases 1 and 12) with myocardial 
infarction, in two (Cases 13 and 14) with systemic hy- 
pertension plus myocardial infarction and in one patient 
(Case 6) with systemic hypertension plus aortic valve 
regurgitation. 

Aortic systolic or systolic plus diastolic murmurs 
were present in 5 (Cases 6, 8, 11, 15 and 16) of the 16 
patients including our patient. Aortic valve mur- 
murs! 2511,14-16 and less commonly, mitral valve mur- 
murs,!:!4 have been described in patients with Takay- 
asu's arteritis although the valve disease in such patients 
usually is not clinically significant. 1.16 

Eight patients (Cases 1, 5, 8, 10 and 12 to 15) had 
evidence of a myocardial infarction; six of these patients 
were among the nine who had congestive heart failure. 
Congestive heart failure was associated with a myo- 
cardial infarction alone in three patients (Cases 1, 5, and 
12), with infarction and systemic hypertension in three 
patients (Cases 13 to 15), with systemic hypertension 
alone in one patient (Case 3), with aortic valve regur- 
gitation alone in one patient (Case 9) and with systemic 
hypertension plus aortic valve regurgitation in one pa- 
tient (Case 6). 

Electrocardiographic abnormalities indicative of left 
ventricular hypertrophy, left ventricular strain, myo- 
cardial infarction or heart block were demonstrated in 
9 of the 16 patients who had coronary arterial narrowing 
due to Takayasu's arteritis. Changes of myocardial 
ischemia were present in the three patients including 
our (Cases 2, 8 and 16) who had exercise electrocardio- 
grams. 

Arteriography is necessary to determine the full ex- 
tent and severity of arterial narrowing or dilatation in 
Takayasu’s arteritis; however, the lumen of the aorta 
and arteries originating from the aorta may appear to 
be normal in caliber and smooth on arteriography at the 
site of arterial inflammation. 

The etiology of Takayasu’s arteritis remains un- 
known, although several studies???*!7 have suggested 
that it is an autoimmune disorder. 


‘CORONARY ARTERIES IN TAKAYASU'S DISEASE—CIPHIANU E! AL. 


Clinical Course 


Nine patients (Cases 1, 3, 5, 6, 8, 11, 12, 14 and 15) 


who had narrowing of the coronary arteries due to Ta- 


kayasu's aortitis probably died of cardiac causes; seven — 


of these patients died within 2 years of the onset of 


symptoms. Our patient (Case 16) and another young — 


woman (Case 12) have survived, free of angina pectoris, — 


after coronary bypass graft operations. Neither of these — 


patients had evidence of a myocardial infarction. 

The extreme thickness of the ascending aorta of our 
patient (Case 16) made construction of the proximal 
anastomoses of the coronary vein bypass grafts difficult, 
and inflammation of the aortic wall may have contrib- 


re 


uted to the late occlusion of the origin of the bypass graft 


to the right coronary artery. The bypass graft operation 
and possible reoperations upon the bypass grafts would 
be easier in Takayasu’s aortitis if a segment of the as- 
cending aorta were replaced with a Dacron® graft and 
the coronary arterial bypass grafts were anastomosed 
to the aortic graft. 

The following conclusions can be drawn from these — 
data: 

$; Takayasu’ s arteritis produces a panaortitis, and 
narrowing of the coronary arteries in this disease is due 


to extension into the coronary arteries of the processes _ 


of proliferation of the intima and contraction of the fi- 


brotic media and adventitia that occur in the aorta. 

2. The distal coronary arteries usually do not manifest 
arteritis and are normal in caliber. | 

3. Frequently, there are no cardiac symptoms during 
the occlusive phase of Takayasu's arteritis, and the first 
sign of coronary arterial narrowing may be a myocardial 
infarction or congestive heart failure. 


4. Angina pectoris may be the first symptom of Ta. | 


kayasu's arteritis if the coronary arteries are the initial 
sites of severe arterial narrowing. 

5. Aortic valve regurgitation may result from Ta- 
kayasu's aortitis, although it is usually not clinically | 
significant. 


El 


6. The coronary arterial bypass graft operation is M : 


fective therapy for treating coronary arterial narrowing ~ 
due to Takayasu's aortitis. 
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Giant congenital aneurysm of the coronary arteries is rare. In a patient with 
such an aneurysm of the right coronary artery the diagnosis was made 
preoperatively and surgical treatment with aneurysmectomy and closure 

of the aneurysm was successful. | 


Giant congenital aneurysm of the coronary arteries is rare; only two such 
cases have been reported.'^ From Bougon’s first description? in 1812 
until 1974, approximately 105 cases of coronary arterial aneurysm were 
recorded.^-? Most of the reported aneurysms were small and diagnosed 
at autopsy; they were found in 1.4 percent of all autopsies performed in 
a 2 1/2 year period at the Albany Medical Center Hospital, Albany, New 
York.* Only 12 cases diagnosed during life have been recorded.®:* This 
paper presents a unique case of a giant coronary arterial aneurysm 
diagnosed preoperatively. Treatment with aneurysmectomy and closure 
of the distal end of the aneurysm was successful. 


Case Report 


A 34 year old Malay man was first seen in 1963, at age 23, when he was treated 
at a hospital for active pulmonary tuberculosis. The chest roentgenogram (Fig. 
1) showed cardiac enlargement and a prominent bulge on the right heart border. 
In 1972, X-ray examination at a chest clinic revealed cardiomegaly and greater - 
prominence of the bulge (Fig. 1). Unruptured aneurysm of the sinus of Valsalva 
was diagnosed, but no treatment was offered. In December 1974, the patient was 
admitted to the Singapore General Hospital because of a painful pulsation over 
the right side of the neck of 10 days’ duration and dyspnea on exertion. 

On examination, he was found to be breathless after talking for long periods. 
The blood pressure was 120/80 mm Hg. The apex beat was displaced to the sixth 
left intercostal space at the anterior axillary line and another pulsation was felt 
at the fifth right intercostal space at the anterior axillary line. A soft pansystolic 
murmur was heard over the tricuspid area and below the angle of the right 
scapula. The liver was enlarged 2 cm. 

Laboratory findings included normal blood count, erythrocyte sedimentation 
rate, Venereal Disease Research Laboratory test and electrocardiogram. The 
chest roentgenogram showed gross cardiomegaly with a prominent bulge on the 
right border of the heart. 

Cardiac catheterization revealed normal right and left heart pressures. A 
venous angiogram (obtained with injection into the superior vena cava) showed 
gross compression of the right atrium by a large soft tissue mass; the atrial cavity 
was markedly obliterated. Contrast medium passed immediately into the right 
ventricle and into the pulmonary artery. 'The catheter was passed retrograde 
into the ascending aorta and entered the aneurysm easily. A root aortogram (Fig. 
2) showed a giant aneurysm of the right coronary artery arising from the right 
coronary sinus. The drainage of this aneurysm could not be identified because 
of dilution of contrast medium by blood in the large aneurysm. 

At operation (Feb. 26, 1975), a giant aneurysm of the right coronary artery 
was seen along the course of the artery (Fig. 3). It measured 15 by 10 by 15 cm 
and extended into the right side of the chest; posteriorly it completely overlay 
the right atrium. The right coronary artery had a diameter of 2 cm at the origin 
of the aneurysm and a diameter of 2.5 cm distally. The aneurysm was thin-walled 
and reflected the pulsations of the ascending aorta, which had a diameter of 4 
cm. The coronary artery distal to the aneurysm began at the acute margin and 
had a diameter of 0.75 cm. It appeared to be entering the left ventricle posteriorly. 
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A diastolic thrill could be felt over the posterior wall of the left 
ventricle. 
Surgical procedure: A tape was passed around the right 
~ coronary artery proximal to the aneurysm but distal to its 
. sinus artery and ventricular branch. Partial cardiopulmonary 
bypass was instituted and the perfusion was conducted at 32° 
C. The heart was kept beating throughout the operation. 
An atraumatic clamp was placed proximal to the aneurysm 
and the aneurysm was laid widely open. There were no clots. 
No coronary arterial branches arose from the aneurysmal 
segment of the artery. Bright red blood was seen to be re- 
turning briskly from the distal end of the artery with each 
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ventricular contraction. An atraumatic clamp was placed on 
the distal stump. The aneurysm was then excised leaving a 
sliver of arterial wall the width of the main coronary artery on 
the heart. 

With the clamps in position, there was complete hemostasis. 
There was no myocardial discoloration or color change sug- 
gestive of myocardial ischemia. Because the heartbeat was 
strong and effective, and because the findings were indicative 
of a coronary arterial fistula, it was decided that the best 
course of action would be to close the proximal and distal ends 
of the artery (Fig. 4). This was done with the use of 4-0 
atraumatic Dacron® sutures in two layers. The heart took over 


FIGURE 1. Serial chest roentgenograms from 1963 to 
1974. The bulge on the right border of the heart reflects 
the progressive increase in size of the aneurysm. The 
1975 film was obtained postoperatively. 


FIGURE 2. Angiocardiograms. A to D are 
serial cut films of the root aortogram (an- 
teroposterior view). These show contrast 
medium entering the large aneurysm. D 
shows the giant right coronary arterial an- 
eurysm filled with contrast medium. The 
left anterior descending coronary artery is 
easily identified in E and F (left oblique 
view). 
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FIGURE 3. Outline drawing of the anterior view of the giant aneurysm 
of the right coronary artery. 


easily from the heart-lung machine after completion of the 


operation. 
Four hours later, the patient had a ventricular arrhythmia 


that stabilized with the intravenous administration of po- 


tassium. The subsequent course was smooth and uneventful. 
There was no electrocardiographic evidence of myocardial 
infarction. 


Discussion 


Etiology: Aneurysms of the coronary artery are rare 
and may be asymptomatic, detected incidentally only 


. at autopsy or on coronary angiography. These aneu- 


rysms may at times present with acute myocardial in- 
farction or angina*? or present as cases of sudden death 
due to rupture of the aneurysm. They are more common 
in men than in women. Scott! found a preponderance 
of males—a sex ratio of 14 males to 1 female in con- 
genital cases. A later review by Daoud et al.* reported 
a sex ratio of 3:1 in favor of males. 

Atherosclerosis is the most common cause of coronary 
arterial aneurysm and there is a strong association with 
abdominal aortic aneurysm. Nonatherosclerotic causes 
include congenital origin, mycotic-embolic, dissection, 
syphilis and trauma,’ but arteritis is the most common. 
Aneurysms occur with equal frequency in the right and 
left coronary arteries, but saccular aneurysms are more 


` common in the right coronary artery. In our case, the 


aneurysm was probably congenital because there was 
no evidence implicating other possible causes. There 
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was no coexisting peripheral vascular disease, and his- . 


tologic studies of the aneurysm did not reveal significant 
intimal thickening. Both of these findings make an 
atherosclerotic cause very unlikely. 


This case is unique because of the large size of the — 
aneurysm. Scott! and Valdivia? reported giant coronary - 


arterial aneurysms measuring 10 by 8 by 8 cm and 17 by 
23 by 14 cm, respectively, the latter almost similar in 
size to our patient's aneurysm. Such aneurysms can be 
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complicated by spontaneous rupture, bacterial endo- 


carditis, thrombus formation or embolization of 
thrombus into distal parts of the coronary artery with 
consequent myocardial infarction. 

Treatment: Although surgical treatment of giant 
coronary arterial aneurysm has not previously been 
reported, surgical treatment of a small aneurysm has 
been described, ^-!! with excision of the aneurysm and 
use of a saphenous vein graft to reestablish continuity 
of the artery.!?^!! Aneurysmorrhaphy combined with 
thrombectomy and endarterectomy’ and bypass of the 


aneurysm with a vein graft without excising the aneu- | 


rysm have been described.? In our patient, aneurys- 
mectomy and closure of the distal part of the aneurysm 
were performed without untoward effects probably 
because a large collateral blood supply from the left 
coronary artery perfused the areas normally perfused 
by the right coronary artery. 
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Overview of Pediatric Cardiology With a Critique of 
Congenital Heart Disease in the 1970's 


C FORREST H. ADAMS, MD, FACC 


kS 


» 


Los Angeles, California 


- The impetus for this critique is based upon several re- 


cent publications!-? as well as my own experiences and 


concerns in the field of cardiology. Its purpose is to bring 


into sharper focus some problems in pediatric cardiol- 
ogy and congenital heart disease that are not commonly 


-— discussed at scientific meetings. First, I wish to stress 


that a pediatric cardiologist should be trained in, and 
competent to care for, all cardiovascular problems that 


- occur in infants, children and adolescents including 


congenital, acquired, metabolic and endocrine disor- 


. ders. 


Nature of the Problem 


The incidence rate of congenital heart disease is 
known to be approximately 1 percent of all births.* 
From this, one can calculate that 30,000 infants with 
congenital heart disease are born in the United States 
each year. Such data permit ready comparison with data 
on other serious diseases affecting our population. The 
studies of Mitchell et al.* have shown that ventricular 
septal defect is by far the most common congenital heart 


- lesion, accounting for 30 percent of cases; the remaining 


lesions each account for less than 10 percent. Such data 
permit assignment of priorities. 

Present knowledge of the natural history (without 
surgery) of the various congenital heart lesions is in- 
complete. For some of the severe but less common forms 
(hypoplastic left heart, tricuspid atresia) death during 
the neonatal period is expected. For some of the more 
common forms (ventricular and atrial septal defect, 


: . patent ductus arteriosus), neonatal deaths are rare, and 
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the condition of a sizable percentage of patients im- 
proves with time. Spontaneous closures of these defects 
have been described, but the mechanism of closure is 
only poorly understood.°® Clinically, I find it difficult 
if not impossible to predict which patient’s lesion will 
close, get smaller or become enlarged with time. 


Relation of Congenital Heart Disease to 
Acquired Heart Disease 


The incidence of congenital heart disease seems to be 
the same throughout the world. On the other hand, in 
developed countries, the incidence of rheumatic heart 
disease has been decreasing for many decades; the re- 
duction began even before the discovery of antibiotic 
agents, thus suggesting the importance of social fac- 
tors.’ 

The developed countries now face two much larger 
problems in terms of the number of persons involved: 
atherosclerosis and hypertension. These two interre- 
lated diseases, which account for more than 50 percent 
of all deaths in the United States,® clearly have their 
onset in the pediatric age range in many cases.? Thus, 
I ask: Should not pediatric cardiologists and others 
concerned with the heart in young children give more 
interest, time and energy to these two important prob- 
lems? 


Diagnosis and Treatment of 
Congenital Heart Diseases 


Diagnosis and treatment of congenital heart disease 
can be complex and difficult problems. They require a 
team effort by well qualified physicians, technicians, 
nurses, social workers and others in an institution that 
has sophisticated expensive equipment.!?!! All of these 
persons must be available 24 hours a day, 7 days a week, 
and it is expected that they and the facilities they use 
must meet certain minimal standards.!9.!! 

Although many words have been written regarding 
the *development of an optimal plan" for the diagnosis 
and treatment of patients with heart disease,!9:!?-!4 the 
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goal is far from implemented. Regional heart centers are 
nonexistent in most areas, and the maldistribution of 
cardiologists has been well documented.!? On the other 
hand, The New England Regional Infant Cardiac Pro- 
gram for Congenital Heart Disease!? has already dem- 
onstrated that a regional cooperative undertaking can 
work and is an effective and satisfactory way of caring 
for infants with heart disease. 

Regionalization of facilities and personnel is im- 
perative now that care is so costly and a high level of 
expertise required. Nadas!® has said that “for every 3 
million population, there should be one major center 
that would see at least 100 infants a year.” I agree with 
this general concept provided that geographic factors 
are also considered. If such a ratio is applied, a rough 
calculation suggests that in the United States, with a 
population of 210 million, 70 centers are needed. There 
may be two to three times that number! In California, 
for instance, the population is about 21 million, which 
suggests a need for 7 centers, but the California State 
Health Department has granted approval to 23 centers, 
more than three times the number needed. This has 
resulted in dilution of care at many centers with a con- 
comitant increase in the unit cost for diagnosis. In ad- 
dition to a plethora of heart centers in California, there 
is also a plethora of pediatric cardiologists; in 1974, of 
the 300 certified pediatric cardiologists in the United 
States, 56 were in California—twice the national aver- 
age. I believe it is possible that an excess of doctors and 
facilities can lead to an abuse of the system in which the 
patient is seen more often than is indicated and un- 
necessary tests and procedures are performed.?? 

Surgical considerations: Much of the effort of most 
pediatric cardiologists is spent in establishing the cor- 
rect diagnosis of the patient with heart disease and then 
waiting for what is thought to be the best time for sur- 
gical palliation or total correction. Yet our ideas re- 
garding the indications for surgery, the best time for 
surgery and the best technical procedure seem to change 
almost yearly. This reflects our changing concepts re- 
garding the natural history of the various lesions, plus 
recent advances in surgical techniques, plus more ex- 
tensive evaluation of the operative results. 

I am concerned about what we cardiologists say, 
imply or promise the patient with congenital heart 
disease or his or her parents. Except for the patient with 
patent ductus arteriosus, an implied promise of “cura- 
tive surgery" is frequently a misstatement of the facts. 
The recent review of the surgical results in Houston by 
Morriss and McNamara!’ confirms my point. They 
have looked at their surgical results for some of the more 
common congenital heart lesions and have analyzed 
them in terms of residua, sequelae and complications. 
The need for improvement in surgical results should be 
obvious. 

Atrial septal defect: For this lesion the residua in- 
. clude a persistent shunt, cardiac enlargement, pulmo- 

nary valve gradient and mitral valve prolapse (6 per- 
cent); the sequelae include atrial arrhythmias. 

Ventricular septal defect: For this lesion the resi- 
duum is a persistent shunt in 30 to 40 percent. The main 
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sequela is a ventriculotomy scar with right bundle 
branch block; complications include complete heart 
block (4 percent) and aortic or tricuspid insufficien- 
cy. | 
Aortic valve stenosis: For this lesion the residua are 
a persistent valve gradient in 60 percent and a tendency 
to valve calcification. The main sequela is aortic valve 
insufficiency (50 percent). 

Coarctation of the aorta: For this lesion the residua ~ 
are several—a persistent gradient (10 percent), persis- 
tent systemic hypertension (9 percent), an aneurysm 
distal to the repair and in the brain, a bicuspid aortic 
valve (85 percent) and mitral valve lesions (6 percent). - 
Sequelae include stenosis of the left subclavian artery 
and recoarctation; the main complication is paraple- 
gia. : 

Tetralogy of Fallot: For this lesion residua are a 
persistent pulmonary arterial gradient (45 percent),a . 


persistent shunt (20 to 40 percent) and obstruction 


distal to the pulmonary valve. Sequelae include a ven- 
triculotomy scar, right bundle branch block, left ante- 
rior hemiblock, pulmonary valve insufficiency (70 to 100 
percent) and aneurysm of the outflow patch. The main 
complication is complete heart block. 

Pulmonary valve stenosis: For this lesion the resi- 
dua are a persistent valve gradient and a persistent 
atrial shunt. The main sequela is pulmonary valve in- 
sufficiency (50 percent). | 

Transposition of the great arteries: For this lesion 
the main residuum is the reverse function of the two 
ventricles; complications include arrhythmias (90 per- 
cent), venae caval obstruction (30 percent), pulmonary — 
venous obstruction (30 percent) and tricuspid insuffi- 
ciency. 

Another perspective is obtained if, to the postoper- 
ative evaluation, one adds studies of ventricular func- 
tion with angiocardiography.!*!9 Adding this bit of in- 
formation to what is already known about operative 
mortality and residua brings us a step closer to an ap- 


praisal of the early postoperative results for the differ- zi 


ent heart lesions. My colleague Jay Jarmakani and I - 
have attempted to include these data in our analysis of 
two common lesions, ventricular septal defect and te- 
tralogy of Fallot (Table I). When this is done, only 60 
percent of patients with ventricular septal defect and 
20 percent of patients with tetralogy of Fallot have no 
residua! 


TABLE | 


Estimated Results After Surgery for Ventricular Septal 
Defect and Tetralogy of Fallot (% of patients) 


Ventricular Tetralogy 
Septal Defect of Fallot 
a ae 


Operative mortality 3 10 
Significant residua 17 25 
Minor residua 
Abnormal function 10 20 
Normal function 10 25 
No residua 60 20 
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Long-Term Follow-Up of Patients With 
| . Congenital Heart Disease 


A statement needs to be made regarding the long- 


. term follow-up of children and adults with congenital 
heart disease. Some general outlines have been pub- 
— lished.!! However, little specific information has been 
—A available until recently.?? The group at Johns Hopkins 
— Hospital studied the records of 1,924 adolescents and 


young adults with congenital heart disease seen at their 


institution over the past several decades. Their data give 


some notion of the types of lesion seen in the adult as 
well as of the distribution and types of long-term sur- 
vivors. 

Of greater interest are some of the problems that arise 
in the young adult.?? Mental retardation due to Down's 
syndrome or rubella was present in 6 percent. Other 
anomalies of the genitourinary tract or gastrointestinal 
tract or other organs were present in 10 percent. Prob- 
lems related to psychologic adaptation or vocational 


— planning, or both, were very important, as was coun- 
-seling for marriage and pregnancy. Securing health and 


— . life insurance also remains a problem. 


TN. 


Conclusions and Recommendations 


pi - To offset the criticisms of the medical profession by 
... Tllich? and others," I believe we have to take a good look 


PEN 


1 


at ourselves and “put our house in order." As a guide, 
I suggest that we pay attention to the analysis of 
Thomas,! who stated that medicine may be classified 
into three groups: high technology, halfway technology 
and nontechnology.! Examples of high technology in- 
clude vaccines for poliomyelitis and diphtheria and 
hormones for endocrine disorders. Such high tech- 
nologic advances have resulted from a general under- 
standing of disease mechanisms, are not nearly as many 
as the public thinks and are inexpensive, simple and 
easy to administer. Halfway technology is what one 
does after the fact to postpone death—coronary bypass 
surgery, cancer chemotherapy and artificial or trans- 
planted organs. Such technology is very expensive and 
requires extensive facilities. Nontechnology is what we 
generally call *supportive therapy" for far advanced 
disease such as multiple sclerosis, stroke, intractable 
cancer and severe rheumatoid disease. This type of 
technology also tends to be very expensive. 

Thus, my recommendations for the leaders in the 
field of congenital heart disease include (1) greater 
devotion to high technology research including research 
on etiology and prevention; (2) better understanding of 
the natural history and the consequences of interven- 
tion; (3) improvement in surgical treatment of some of 
the more common lesions; and (4) greater regionaliza- 
tion of manpower and facilities. 
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The Systolic Murmur—lInnocent or Guilty? 


MORTON E. TAVEL, MD, FACC 


Indianapolis, Indiana 


The physician is commonly compelled to determine 
whether a given systolic murmur indicates organic 
cardiac disease or is simply a manifestation of normal 
cardiac function. Often, he is reluctant to risk making 
a definitive diagnosis of normality before performing 
a host of noninvasive and invasive studies that may 
include cardiac catheterization. I believe that in the vast 
majority of cases one can distinguish between a signif- 
icant and insignificant murmur using a simple bedside 
examination together with a standard electrocardio- 
gram and chest roentgenogram. In a minority of cases, 
one may need additional selected noninvasive studies 
to validate the diagnosis. Seldom, if ever, should cardiac 
catheterization be required. 


Characteristics of Innocent Murmurs 


Let us first examine the nature of the so-called in- 
nocent murmur and then point out how it can be dis- 
tinguished from others. An innocent murmur may be 
defined as any murmur produced by a normal cardio- 
vascular system under normal resting conditions.! 
Systolic murmurs may be heard in normal persons of all 
ages, especially young people. Although earlier studies 
suggested a pulmonary origin for such murmurs, these 
data were obtained largely from intravascular sonic 
recording confined to the right side of the heart. Stein 
and Sabbah,’ in this issue of the Journal, present con- 
vincing evidence that systolic murmurs emanate at least 
partly—and probably wholly—from turbulence in the 
aortic root. No matter what their source, their intensity 
parallels the ejection velocity of blood from the ven- 
tricular chambers, and has a crescendo-decrescendo 
contour. Because most of the blood is normally ejected 
early in ventricular systole, these systolic ejection 
murmurs are correspondingly short, peak early in in- 
tensity and stop well before the second heart sound. 
"They are mid-frequency in quality, that is, neither 
rough nor blowing in character, and are seldom loud 
(usually less than grade 3/6 in intensity). They are 
usually heard best in the left second or third intercostal 
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space but are often heard surprisingly well in other 
areas, including the cardiac apex and base of the neck, 
thus probably reflecting their origin in the left heart 
chambers. They generally decrease with the Valsalva 
maneuver or upright position (which decreases ejection 
velocity) and are unassociated with additional findings - 
of cardiovascular disease such as wide splitting of the - 
second heart sound, ejection sound, diastolic murmur 
or cardiomegaly. 

The so-called twanging string or vibratory musical 
murmur (Still’s murmur), seen primarily in children, 
is probably a variant of the systolic ejection murmur. 
It has the same contour of intensity but is usually best 
heard along the mid and lower left sternal border. 
Current data suggest that it also originates from the 
aortic outflow tract.! It usually disappears at puberty. 
Another closely related murmur is the short cervical 
bruit heard in a large number of persons of all ages, 
especially children. This murmur is probably caused by 
turbulence produced at normal points of branching or 
changes of diameter of the innominate or carotid arte- 
ries. 

“Functional” murmur: The term “functional” (or 
"flow") murmur has been used to describe both an in- 
nocent murmur and an ejection murmur produced by 
increased ejection velocity across a normal aortic or 
pulmonary valve in various pathologically or physio- 
logically altered states. It can be heard with fever or 
anemia, during exercise or in conditions in which stroke 
volume is large (bradycardia or complete heart block). 
When stroke volume is selectively increased in one 
ventricle by any condition, such as that produced in the 
left ventricle by aortic regurgitation or in the right | 
ventricle by an atrial septal defect, a “functional” 
murmur will result that is identical to the other func- - 
tional murmurs mentioned. Still another category might - 
be created for states in which the vessel beyond the 
aorta or pulmonary valve is dilated, probably producing 
turbulence because of an abrupt change in diameter of 
the vascular conduit. This condition may explain many 
functional murmurs in elderly or hypertensive patients. 
The term functional murmur might, therefore, be used 
to encompass all systolic ejection murmurs produced - 
by ejection of blood across a nonstenotic pulmonary or - 
aortic outflow tract whether or not disease or an altered 
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physiologic state is present in any part of the cardio- 
vascular system. Because these murmurs are all pro- 


. duced at a site that is not stenotic, their contour of in- 


 tensity resembles that of the unimpeded ejection ve- 
_ locity (that is, a crescendo-decrescendo pattern located 
- dominantly in the early portion of systole), and they are 


- generally identical to innocent murmurs. Although I 


_ question the wisdom of retaining this type of classifi- 
cation of murmurs, I prefer the term “physiologic” 


$ systolic ejection murmur to “functional” because the 
latter term is meaningless. 


Differentiation of Innocent Murmurs From Those 
Caused by Organic Lesions Within the Heart or 
Great Vessels 
From the foregoing one can readily understand why, 


-in itself, a given murmur may not indicate a normal or 


abnormal state. Nevertheless, it is usually possible to 
effect a practical separation of murmurs requiring more 


extensive evaluation from those requiring only bedside 


examination together with an electrocardiogram and 


- chest roentgenogram. The extent of the evaluation will 


_ be strongly influenced by therapeutic implications: For 
- instance, it is of utmost importance to exclude atrial 


- septal defect, a condition usually requiring surgery at 


the time of discovery or later. Therefore, one's evalua- 


E 


š 


tion must be able to detect this possibility with a high 
degree of sensitivity. In contrast, surgical repair is 
generally not considered for minimal pulmonary ste- 
‘nosis; therefore, an evaluation is satisfactory if it is ca- 


_ pable of detecting moderate or severe degrees of pul- 
. monary stenosis. | 

—— When one encounters a systolic murmur in a patient, 
one should first attempt to establish its category. I 
. prefer to retain the system propounded by Leatham? 
_ in 1955, that is, the classification of systolic murmurs 
- into *midsystolic ejection” or “pansystolic regurgitant” 
- categories. If one can recognize the presence of a pan- 
- systolic murmur (or its late systolic variant), one can 
. then be certain that an organic lesion is present, that is, 
- mitral or tricuspid regurgitation or ventricular septal 
— defect. If the category of the murmur is not clear, a 
- phonocardiogram may be helpful in allowing this dis- 


gt 


_ tinction. Occasionally, a small muscular ventricular 


septal defect will produce an early decrescendo systolic 
murmur that stops before the second heart sound, 


sometimes resembling the innocent murmur. This 


mm 


murmur tends to be well localized at the lower left 
sternal border and may be higher pitched than the 
- systolic ejection murmur. 


— Once the examiner concludes that a murmur is ejec- 


. tion in type, he must assess its significance through the 
- use of all available clinical information. After obvious 


— conditions (fever, anemia) are eliminated from con- 
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sideration, certain organic lesions such as aortic or 
| pulmonary stenosis and atrial septal defect must often 
"be excluded before one can finally conclude that a 


murmur is innocent. 
Valvular aortic stenosis: Mild grades of aortic 
stenosis are associated with an early short systolic 


ejection murmur that is especially apt to be confused 
with an innocent murmur. In persons under age 40, the 
murmur is almost always associated with a clearly au- 
dible ejection sound (click). With increasing grades of 
aortic obstruction, the murmur becomes longer and the 
peak appears later than normal, a finding that is readily 
identifiable with auscultation or phonocardiography, 
or both.* Moreover, the murmur of aortic stenosis is apt 
to be louder (grade 3/6 or more), associated with a thrill 
and to radiate more strongly into the second right in- 
tercostal space and neck.? When one is uncertain of the 
auscultatory findings, a phonocardiogram may aid in 
ascertaining the presence of an ejection sound and in 
estimating the severity of obstruction through its in- 
dication of the murmur’s duration and carotid pulse 
contour.‘ In older persons, the aortic valve usually be- 
comes calcified to a degree roughly corresponding to the 
severity of obstruction. The ejection sound may then 
disappear, but the diagnosis is rendered easier by vari- 
ous means of detecting valve calcification such as 
echocardiography and fluoroscopy. In young persons, 
more direct assessment of the size of the valve orifice is 
required. Although M mode echocardiography is limited 
in this regard, cross-sectional echocardiographic tech- 
niques promise to allow more accurate distinction and 
quantification of these abnormalities. In doubtful 
cases, therefore, the simple expedient of phonocardio- 
gram plus echocardiogram usually allows for separation 
of virtually all innocent murmurs from those indicating 
aortic stenosis and permits at least some estimation of 
the severity of aortic stenosis. Cardiac catheterization 
should be necessary primarily in cases in which aortic 
stenosis is recognized but its severity is in question. 

Subvalvular aortic stenosis: The murmur of idio- 
pathic hypertrophic subaortic stenosis is usually pro- 
longed and has a peak in midsystole rather than in early 
systole, thus indicating its organic nature. Our experi- 
ence indicates that, because it is heard best at the lower 
left sternal border and apex, it is usually confused with 
the pansystolic murmur of mitral regurgitation. The 
tendency for the murmur of idiopathic hypertrophic 
subaortic stenosis to increase with the Valsalva ma- 
neuver and upright position and to decrease with 
prompt squatting usually allows for easy bedside dis- 
tinction from the innocent murmur, which behaves in 
an opposite fashion. Distinctive changes seen in both 
the phonocardiogram and the echocardiogram allow one 
to confirm the diagnosis. 

Fixed subvalvular aortic stenosis produces a murmur 
identical to that of valvular aortic stenosis, although the 
murmur tends to be localized lower on the precordium. . 
Because an ejection sound is absent, minimal stenosis 
may produce a murmur that closely simulates the in- 
nocent murmur. As a practical matter, mild degrees of 
this rare type of obstruction might be overlooked with 
no harm to the patient. Of course, with significant 
grades of subvalvular obstruction, the murmur will be 
prolonged, a finding that will enable one to have a high 
index of suspicion that organic disease is present. 
Echocardiography,$ particularly with cross-sectional 
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techniques, may provide a sensitive means for making 


this diagnosis, even in mild cases. Supravalvular stenosis 
also may be displayed by this means. 

Pulmonary stenosis: Mild degrees of valvular pul- 
monary stenosis also produce short early systolic ejec- 
tion murmurs that may be identical to innocent mur- 
murs. The usual occurrence of ejection sounds (which 
may decrease with inspiration) in this condition gen- 
erally allows recognition that an abnormality exists. In 
all but the most trivial degrees of pulmonary obstruc- 
tion, the second heart sound is abnormally widely split, 
and the murmur significantly prolonged, and is thus 
easily distinguishable from the innocent murmur. 
Subvalvular pulmonary stenosis, lacking ejection 
sounds, might provide a more difficult problem in dif- 
ferentiation, but only trivial degrees of stenosis will 
produce a murmur short enough to be confused with the 
innocent murmur. Phonocardiography is especially 
helpful in characterizing the presence and severity of 
both valvular and subvalvular stenosis, primarily 
through accurate display of ejection sounds, duration 
of the murmur and splitting interval of the second heart 
sound.’ The electrocardiogram is helpful? because in the 
vast majority of patients with significant grades of 
pulmonary stenosis, the R:S ratio in lead V, exceeds 1, 
and S waves are often accentuated in lead V, Thus, the 
. finding of a normal electrocardiogram is good evidence 
against significant pulmonary stenosis. The M mode 
. echocardiogram may provide additional information.® 

. If the pulmonary valve is visualized, it often displays 
certain abnormalities of movement in both valvular and 
subvalvular obstruction. 

Atrial septal defect: Perhaps the most common 
source of confusion arises when one tries to rule out 
atrial septal defect in a given patient with an apparent 
innocent murmur. 'T'he right ventricular systolic ejection 
murmur produced by this anomaly reflects the large 
right ventricular stroke volume and is virtually identical 
to the innocent murmur. Although the second heart 
sound is usually widely split and fixed, allowing a high 
degree of suspicion, this is not always true or clear. 
Moreover, normal children and young adults occa- 
sionally appear to have a widely split second heart sound 
that persists through both phases of respiration. 


. Roentgenographic techniques usually allow suspicion 


of the abnormality but are often not sufficiently dis- 
tinctive to provide definitive screening. The electro- 


cardiogram is a helpful screening tool, generally : 


displaying an abnormal RSR’ complex in the right 
precordial leads. Only an estimated 7 percent of patients 
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with an uncomplicated atrial septal defect have a nor- ; 


mal QRS pattern in lead V;,? and these patients are 


likely to have a very small shunt. Thus, the presence of. 


a normal electrocardiogram helps to rule out an atrial 
septal defect but, unfortunately, one often sees an — 


equivocal RSR' pattern in normal subjects. 
If a doubt remains after this evaluation, I have found 


that the echocardiogram is the most decisive test. Vir- 
tually all defects involving significant shunt flow are 
reflected by enlargement of the right ventricular di- . 
ameter, usually accompanied by abnormal septal mo- _ 
tion.” I regard these changes as highly sensitive, and _ 


their absence therefore virtually rules out an atrial 


septal defect with a significant shunt flow volume. - 
Primarily because of this test, I have not found it nec- 

essary to catheterize any normal patient falsely thought — 
to have an atrial septal defect during the past 5 years. 


Supplementing echocardiography, radioactive tracer 
techniques!” have provided an additional opportunity 
to detect large or small intracardiac shunts, thereby 
offering another means of screening both atrial and 
ventricular septal defects. 


In summary, I have attempted to characterize the - 
innocent systolic ejection murmur as an early short 
systolic crescendo-decrescendo murmur unassociated - 
with any other findings of altered physiologic state or - 


organic heart disease. It belongs in thegeneral class of 
physiologic or “functional” murmurs, that is, systolic 


ejection murmurs unassociated with ventricular outflow _ 


obstruction. I have contrasted the findings in normal 
persons with those in patients with certain organic le- 
sions whose murmur may at times closely simulate the 
innocent murmur. By combining the history and general 


physical examination with certain simple bedside ma- 


neuvers and selected noninvasive tests, the clinician _ 


may distinguish the normal from the abnormal murmur 
in virtually all patients without resorting to invasive 
studies. 
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THE WHOLE PAPER 


e Address manuscript to Managing Edi- 


tor, American Journal of Cardiology, 
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- 666 Fifth Ave., New York, NY 10019. 


e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

e Arrange the paper in this order: (1) 


title page; (2) abstract; (3) text; (4) ref- 


erences; (5) legends; (6) tables; and (7) 


.. figures. 
» e Number all 


pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

e Type all matter: (1) on 8% X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 
where applicable, FACC for all authors. 
e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase "Address 
for reprints: ...” followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 


» e Do not use abbreviations such as 


SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order every refer- 
ence, figure and table. (Order of men- 
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tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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IN CONGESTIVE HEART FAILURE ADD 


3 2 brand of { 


TO FUROSEMIDE 


Capsules, 
50 and 
100 mg. 








WHEN CONSERVATION OF POTASSIUM 
BALANCE IS DESIRED 


‘Dyrenium’ helps the patient 
retain essential potassium 
stores even during the first 
critical days of vigorous 
therapy with potent diuretics 
and digitalis. 


Hyperkalemia can occur with any K* 
sparing agent, but it is rare in patients 
with normal renal function. Serum K * 
and BUN should be checked 

. periodically, particularly in elderly 
patients, diabetics, and those with 
suspected or confirmed renal 
insufficiency. Potassium supplements 
should not be used unless dosage 
adjustment fails to control excessive 
potassium loss and/or hypokalemia 
develops. 


See last page of this advertisement for 
indications and brief summary of 
prescribing information. 


SIS&F CO. 


Carolina, P.R. 00630 





SI«GF CO. 


a Smithi&line company 


IN CARDIAC EDEMA’ 


Capsules, 50 and 100 mg. 


IS THE DIFFERENCE IN 


DYAZIDE 


Each capsule contains 50 mg. of Dyrenium® 
(triamterene, SK&F Co.) and 25 mg. of 
nydrochlorothiazide. 








TO HELP MAINTAIN FLUID OUTPUT, 
LIMIT POTASSIUM LOSS 


The combination of triamterene and hydrochlorothiazide 
works to provide a smooth, dependable diuretic effect, 
as it helps to reduce the risk of digitalis intoxication 
due to diuretic-induced potassium depletion. 


Not for initial therapy. See last page of this advertisement 
for indications and brief summary of prescribing information. 





‘Dyazide’ can cause 
hyperkalemia, although it is rare 
in patients with normal renal 
function. Serum K* and BUN 
should be checked periodically, 
particularly in elderly patients, 
diabetics, and those with 
suspected or confirmed renal 
insufficiency. Potassium 
supplements should not be used 
unless hypokalemia develops or 
normal dietary K ` intake iS 
markedly impaired. 


SI«GF CO. 


Carolina, P.R. 00630 


SI«ST CO. 


a Smithisline company 


i L2 brand of 








terene. 50 and 100 mg. 


POTASSIUM-SPARING DIURETIC 


LOGICAL ADJUNCT TO K*-WASTING DIURETICS 
IN CONGESTIVE HEART FAILURE. 


Before prescribing, see complete prescribing information in SK&F literature or PDR. The 
following is a brief summary. 


Indications: Edema associated with congestive heart failure, cirrhosis and nephrotic 
syndrome; steroid-induced edema, idiopathic edema, edema due to secondary 
hyperaldosteronism, to increase diuresis in patients resistant to other diuretics alone. 
Contraindications: Severe or progressive kidney disease or dysfunction (possible exception 
nephrosis). Severe hepatic disease. Pre-existing elevated serum potassium. Hypersensitivity to the 
drug. Continued use in developing hyperkalemia Do not give potassium supplements, either by 
drug or by die: 


Warnings: Observe regularly for possible blood dyscrasias, liver damage or other idiosyncratic 
reactions. Blood dyscrasias have been reported Check BUN and serum potassium periodically 
especially in the elderly, diabetics, and those with suspected or confirmed renal insufficiency. Use 
in pregnancy only when essential to patient welfare 


Dyrenium (triamterene, SK&F Co.) and spironolactone are not usually used concurrently, if they 
are, however, frequent serum potassium determinations are required 


DYAZIDE 


Each capsule contains 50 mg. of Dyrenium" 
(triamterene, SK&F Co.) and 25 mg. of hydrochlorothiazide. 





POTASSIUM-SPARING DIURETIC 


Precautions: |f hyperkalemia develops, withdraw the drug. The following may also occur 
electrolyte imbalance, low-salt syndrome (with low salt intake), reversible mild nitrogen retentic 
decreasing alkali reserve with possible metabolic acidosis. Do penodic hematologic studies in 
cirrhotics to check for nondrug-related variations in blood pictures. and in patients with folic ac 
depletion, since Dyrenium' may contribute to appearance of megaloblastosis. Concomitant u 
with antihypertensive drugs may result in an additive hypotensive effect. When 'Dyrenium is t 
discontinued after intensive or prolonged therapy, withdraw gradually because of possible 
rebound kaliuresis 


Adverse Reactions: Diarrhea, nausea and vomiting (may indicate electrolyte imbalance), ot 
gastrointestinal disturbances, weakness, headache, dry mouth, anaphylaxis, photosensitivity, 
elevated uric acid, rash 


Note. When combined with another diuretic, the initial dosage of each agent should be lower : 
recommended 


Supplied: 50 and 100 mg. capsules, in bottles of 100 and in Single Unit Packages of 10( 
(intended for institutional use only). 





LOGICAL SELECTION FOR MAINTENANCE 
IN LONG-TERM CONTROL OF CARDIAC EDEMA. 


Before prescribing, see complete prescribing information in SK&F Co. literature or PDR. A 
brief summary follows: 


WARNING 
This fixed combination drug is not indicated for initial therapy of edema or hypertension 
Edema or hypertension requires therapy titrated to the individual patient. If the fixed combi- 


nation represents the dosage so determined, its use may be more convenient in patient man- 
agement. The treatment of hypertension and edema is not static, but must be reevaluated as 
conditions in each patient warrant 





Indications: When the fixed combination represents the dosage determined by titration 
Adjunctive therapy in edema associated with congestive heart failure, hepatic cirrhosis, the 
nephrotic syndrome. Corticosteroid and estrogen-induced edema, idiopathic edema 
hypertension, when the potassium-sparing action of its 'Dyrenium' component is warranted 


Contraindications: Further use in progressive renal or hepatic dysfunction; hyperkalemia. Pre- 
existing elevated serum potassium. Hypersensitivity to either component or other sulfonamide 
derived drugs. Routine use of diuretics in otherwise healthy pregnancy 


Warnings: Do not use potassium supplements, dietary or otherwise, unless hypokalemia 
develops or dietary intake of potassium is markedly impaired. |f supplementary potassium is 
needed, potassium tablets should not be used. Hyperkalemia can occur, and has been associated 
with cardiac irregularities. It is more likely in severely ill patients with urine volume less than one 
liter / day, the elderly or diabetics, with suspected or confirmed renal insufficiency. Periodic 
determinations of serum x+ should be made. If hyperkalemia develops. substitute a thiazide 
alone, restrict K* intake The presence of a widened QRS complex or arrhythmia in 
association with hyperkalemia requires prompt additional therapy. Thiazides are reported to 
cross the placental barrier and appear in breast milk; fetal or neonatal hyperbilirubinemia 
thrombocytopenia, altered carbohydrate metabolism and other adverse reactions that have 
occurred in the adult may result When used in pregnancy or in women who might bear children 


weigh potential benefits against possible hazards to fetus. Adequate information on use in chik 
is not available 


Precautions: Do periodic serum electrolyte determinations (particularly important in patients 
vomiting excessively or receiving parenteral fluids). Periodic BUN or serum creatinine 
determinations should be made, especially in the elderly, diabetics, or those with suspected or 
confirmed renal insufficiency. Watch for signs of impending coma in severe liver disease. If 
spironolactone is used concomitantly, determine serum K+ frequently; both can cause K+ 
retention and elevated serum K+ . Two deaths have been reported with such concomitant 
therapy (in one, recommended dosage was exceeded, in the other serum electrolytes were ni 
properly monitored). Observe regularly for possible blood dyscrasias, liver damage, other 
idiosyncratic reactions. Blood dyscrasias have been reported in patients receiving Dyrenium" 
(tnamterene, SK&F Co.), and leukopenia, thrombocytopenia, agranulocytosis, and aplastic 
anemia have been reported with thiazides. Do periodic blood studies in cirrhotics to check for 
nondrug-related variations in blood pictures, and in patients with folic acid depletion, since 
Dyrenium' may contribute to appearance of megaloblastosis. Antihypertensive effect may be 
enhanced in post-sympathectomy patients. Use cautiously in surgical patients. The following ! 
occur: transient elevated BUN or creatinine or both, hyperglycemia and glycosuria (diabetic 
insulin requirements may be altered), hyperuricemia and gout, digitalis intoxication (in 
hypokalemia), decreasing alkali reserve with possible metabolic acidosis. 'Dyazide' interferes 
fluorescent measurement of quinidine 


Adverse Reactions: Muscle cramps, weakness, dizziness, headache, dry mouth; anaphylaxi 
rash, urticaria, photosensitivity, purpura, other dermatological conditions; nausea and vomitin 
diarrhea, constipation, other gastrointestinal disturbances. Necrotizing vasculitis, paresthesias 


icterus, pancreatitis, xanthopsia and. rarely, allergic pneumonitis have occurred with thiazides 
alone 


Supplied: Bottles of 100 and 1000 capsules; Single Unit Packages of 100 (intended for 
institutional use only) 


SK&F CO. Carolina, PR OC 


CHOLESTEROL DIE 


DOESN'T HAVE TO 
IO SWALLOW 


itness these tempting dishes from 
eischmann's low cholesterol 
»okbook, “Sensible Eating Can Be 
elicious.” 

They're all prepared with 
eischmann’s® Margarine and Egg 
'aters? cholesterol-free egg substitute. 
They can make your job a lot easier 
hen you prescribe a low cholesterol 

et. Because they're tasty enough to 
isure compliance. 

Fleischmann's* Margarine has a light, 
elicious taste that goes with every- 

ing. What’s more, it’s made from 100% 
rn oil and has no cholesterol. It’s low in 
hturated fat and high in polyunsatu- 
ates. In clinical studies, Fleischmann’s® 


Margarine was part of a total dietary 
program that helped reduce serum 
cholesterol an average of 17%. 

Egg Beaters® cholesterol-free egg 
substitute can be a big help, too. It has 
no cholesterol. It does have all the 
good flavor and nutrition of fresh eggs— 
in omelets, baked goods or scrambled. 

So, help your patients to some healthy, 
delicious recipes. For your sample 
Fleischmann’s cookbook, simply write 
to Standard Brands, P.O. Box 130, 
Madison Square Station, New York, 

N.Y. 10010, 

To order additional quantities, use the 

handy reorder card that comes with your 


cookbook. 
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Time was, you could preselect a single pacing 
rate and feel relatively confident, in most cases, that 
the rate selected would remain physiologically 
adequate over the pulse generator's operating life. 

But as improved power cells have become 
available, and pacemaker longevity has been greatly 
extended, so is the likelihood for changes in patient 
physiology. Non-invasive rate programming offers a 
practical means to adjust the rate to meet individual 
needs. 

There are some situations where a rate- 
programmable pacemaker may be indicated at 
implant. For example, in patients with acute 
myocardial infarction (who are often decompen- 
sated), accurate rate selection may not be possible 
until weeks later. Certain cases of Sick Sinus 
Syndrome are other examples. 

However, there are many other cases where 
the benefits of rate programming may not be imme- 
diately obvious. As the years pass, some patients 
may develop angina that is not best controlled 
pharmacologically, or may undergo degeneration of 
the conduction system. In some patients with 





uat you recummueuu tuuay 
may change tomorrow. 





marginal cardiac output, the loss of the atrial contri- 
bution to the cardiac filling cycle may become 
physiologically significant. Rate programmability, in 
these cases, may provide improved patient 
management. 

Rate-programmable ventricular pacing may 
also be indicated for the suppression of ventricular 
extrasystoles, and in children where changing rate is 
a physiological requirement. 

In summary, rate programming offers you the 
flexibility to deal with future rate requirements. 
Because your patients’ needs can change substantially 
with the passing years. The Prolith Rate- 
Programmable Lithium System, offering rates of 60, 
66, 72, 78, 84, 90, 96, and 102 ppm, lets your 
patients keep pace with tomorrow. For details, 
please contact Edwards Pacemaker Systems, P.O. 
Box 19554, 1923 S.E. Main Street, Irvine, CA 92713, 
Telephone 714/540-8161. 


Edwards 
Pacemaker 
Systems” 


; _ Division of American Hospital Supply Corporation - 


Prolith -the rate-programmable 
lithium system 








~ COUMADIN 
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FOR ORAL ANTICOAGULATION 


Prophylactic Use 


A number of cardiac syndromes can predis- 
pose patients to thromboembolic episodes. 
The greatest threat of thromboembolism, 
however, exists in patients with a history of 
obesity, excessive cigarette smoking or pre- 
vious episodes of venous thrombosis or 
pulmonary embolism. Postoperative patients 
requiring extended immobilization and the 
elderly are at high thromboembolic risk as are 
the severely injured—particularly those over 
40 years with fractures of the hip, pelvis or 
lower extremities—and patients undergoing 
elective cup arthroplasty or pelvic surgery 


Emphasis should be placed on prophylaxis 
for those patients predisposed to thromboem- 
bolism. The oral anticoagulant of choice is 
COUMADIN® (crystalline sodium warfarin 
U.S.E) 


The oral anticoagulant 


~ COUMADIN 


Therapeutic Use 


For established thromboembolism, adn 
tration of LV. heparin followed by oral 
coagulant therapy is a cornerstone of 1 
ment. COUMADIN® a chemically pure 
anticoagulant with high predictability o 
sponse, is a mainstay of effective therapy. 


Dosage and Administration 


In patients receiving COUMADIN® proth 
bin time should be maintained at 1.5 tc 
times the control until results stabilize. Do 
and administration should be individua 
according to prothrombin time results 
reevaluated periodically throughout the 


Patients should be well informed about 
condition and medication, since factors 
as dietary change, travel, other medica 
change in physical condition and at 
environmental change may influence 
thrombin time and, therefore, respons 
COUMADIN® 





(CRYSTALLINE SODIUM WARFARIN USP 


Before prescribing, please see prescribing 
information on following page. 


COUMADIN® is an Endo reaistered I! S trademark: 


€ndo Laboratories, Inc. 


Subsidiary of E.l. we mt de Nemours & Co. (Inc.) 
Garden City, N. Y. 
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chemically crystalline sodium warfarin isopropanol clathrate. The crystallization of sodium warfarin vir- 
_ tually eliminates trace impurities present in amorphous sodium warfarin, thus achieving a crystalline 
p -of the highest purity. Warfarin* is the coined generic name for 3-(a-Acetonylbenzyl)-4-hydrox- 
arin. On a dose-for-dose basis, COUMADIN® (crystalline sodium warfarin) is therapeutically 
equivalent to amorphous sodium warfarin. 
3 IONS COUMADIN* and other coumarin anticoagulants act by depressing synthesis in the liver of 
ral factors which are known to be active in the coagulation mechanisms in a variety of diseases 
cterized BRABronnaaDitc phenomena. The resultant in vivo effect is a sequential depression of 
rs Vil, IX, X and Il. The degree of depression is dependent upon the dosage administered. 
Anticoagule ints have no direct effect on an established thrombus, nor do they reverse ischemic tissue 
damage. However, once a thrombosis has occurred, anticoagulant treatment aims to prevent further 
Sion of the formed clot and prevents secondary thromboembolic complications which may result 
-in serious and possible fatal sequelae. — 
- After oral administration, absorption is essentially complete, and maximal plasma concentrations are 
reac hed in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma. COUMADIN® 
- usually induces hypoprothrombinemia in 36 to 72 hours, and its duration of action may persist for 4 to 
‘5 days, thus ucing a smooth, long lasting response curve. Little is known of the metabolic 
_ pathways involved in the biotransformation of oral anticoagulants in man. However, their metabolites 
. "appear to be eliminated principally in the urine. ! 
-| INDICATIONS Basec on a review of this drug by the National Academy of Sciences National 
.] Research Council and/or other information, FDA has classified the indications as follows: 
-| Effective: COUMADIN® is indicated for the priono and treatment of venous thrombosis 
| and its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and 
. . treatment of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 
wal S E S bly'' effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
~ | Final classification of the less-than-effective indication requires further investigation. 


D SCRIPTION COUMADIN® (crystalline sodium warfarin), a prothrombinopenic anticoagulant, is 
irent 













































CO eeror m Anticoagulation is contraindicated in any localized or general physical condition 
-Or personal te aad in which the hazard of hemorrhage might be greater than its potential clinical 
bene , Such as: Me ; ^ i 
gnancy—COUMADIN® (crystalline sodium warfarin) is contraindicated in pregnancy because the 
- drut "passes through the placental barrier and may cause fatal hemorrhage to the fetus in utero. Fur- 
thermore, there have been reports of birth malformations in children born to mothers who have been 
ted with warfarin durin pregnancy Women of vb eas Sa potential who are candidates for 
anticoagulant therapy should be carefully evaluated and the indications critically reviewed with the 
patient. If the patient becomes pregnant while taking this drug, she should be apprised of the potential 
risks to the fetus, and the possibility of termination of the pregnancy should be discussed in light of 


D 


~ 


Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated ae of: (1) central nervous 
syster : (2) eye; (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies asso- 

ated with active ulceration or overt bleeding of: (1) gastrointestinal, genitourinary or respiratory 
ts; (2) cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericarditis and 


ARNINGS Sodium warfarin is a potent drug with a half-life of 22 days; therefore its effects may 
ome more pronounced as - maintenance doses overlap. It cannot be emphasized too strongly 
eatment of each patient is a highly individualized matter. Dosage should be controlled by periodic 

ninations of prothrombin time or other suitable coagulation tests. Determinations of whole blood 
- clotting and bleeding times are not effective measures for contro! of therapy. Heparin prolongs the one- 
stage prothrombin time. Therefore, to obtain a valid prothrombin time when heparin and COUMADIN® 
are given together, a b of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 
hours after the last subcutaneous dose of heparin, before blood is drawn. | 
Caution should be observed when sodium warfarin is administered in any situation or physical condi- 
Where added risk of hemorrhage is present. : 

[L ie of anticoagulants in the following conditions will be based upon clinical judgment in 
ich t risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in 


t; 





ectious 


- Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over 
he hree to four weeks. yey 
Ne F EMOTIONS Fedele determination of prothrombin time or other suitable coagulation test is 


- Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
. state and medication may influence response of the patient to anticoagulants. It is generally good 
. practice to monitor the patient's onse with additional prothrombin time determinations in the 
period immediately after discharge from the hospital, and whenever other medications are initia- 
ted, discontinued or taken haphazardly. The following factors are listed for your reference; however, 
. other factors may also affect the prothrombin response. 
Em following factors, alone or in combination, may be responsible for increased prothrombin time 


o PUn. 1 
ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated 
temperature; hepatic disorders-infectious hepatitis, jaundice; poor nutritional state; vitamin K defi- 
. EXOGENOUS FACTORS: Alcoholt; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; bro- 
- melains; chloral hydratet; chlorpropamide; chymotrypsin; cinchophen; clofibrate; COUMADIN® over- 
de ie (br lextrothyroxine; diazoxide; dietary deficiencies; diureticst; disulfiram; drugs affecting 
.— blood elements; in ce Las acid; glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; 
h adds acid; methyldopa; methylphenidate; metronidazole; monoamine oxidase inhibitors; nalidixic 
acid; oxolinic acid; oxyphenbutazone; phenylbutazone; phenyramidol; prolonged hot weather, pro- 
“le ee t quinidine; quinine; salicylates; sulfinpyrazone; sulfonamides, long acting; thyroid 
. drugs; e» DE triclofos sodium; trimethoprim/sulfamethoxazole; unreliable prothrombin time 
i inauons. ; í 
^. tincreased and decreased prothrombin time responses have been reported. 
. The following factors, alone or in combination, may be responsible for decreased prothrombin time 
e: 


. fESDU 








^ 1 - j 
- ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperli- 
—— pemia; hypothyroidism. 

- *Present as crystalline sodium warfarin isopropanol clathrate. 

. Licensed by Wisconsin Alumni Research Foundation. 

U.S. Pat. No. 3,077,481 (Reissue No. 25,866) — e 

COUMADIN® is an Endo Registered U.S. Trademark. - 
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Drugs not yet shown to interact or not to interact with diei s d kills at with suspicion, 
when Eel administration is started or stopped, the prothrombin time should be de 

n usual. z SUR rary Cove 
Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and t 
tamide) and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body 


c 


result of interference with either their metabolism or excretion. 
ADVERSE REACTIONS Potential side effects of COUMADIN* (crystalline sodium warfarin) include: 


1. Minor or major hemorrhage from any tissue or organ-which is an extension of the physiologic é 


ity of prothrombinopenia. The signs and symptoms will vary a HTD the location and degre 
extent of the bleeding. Therefore the possibility of ds des a should be considered in evaluating 
condition of any anticoagulated patient with complaints which do not indicate an obvious diagn 
vin Es an Ore. therapy does not always correlate with prothrombin activity. (See TF 
MENT FOR OVERDOSAGE.) S^ ; 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diagnt 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulceretc. — 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, derm: 
fever, nausea, diarrhea, abdominal cramping, a syndrome called “purple toes,” hypersensitivity 
tions and an extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagule 
or clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoi 
such extensive impairment as might poru spontaneous bleeding. Effective therapeutic levels 
minimal complications can best be achieved in cooperative and well-instructed patients, who keep 
doctor vie of their status between visits. COUMADIN® patient aids are available to physician 
request. 


The administration and dosage of COUMADIN® must be individualized for each patient according tc 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin ' 
reflects the depression of vitamin K dependent Factors VII, X and Il. These factors, in addition to Fa 
IX, are affected by coumarin anticoagulants. There are several modifications of the Quick one-s 
So waa time and the physician should become familiar with the specific method used in 
a ratory, : Tee 

Administration of COUMADIN® should be gauged according to prothrombin time determinations 
suitable method. The blood pe vse time should usually be determined daily after the admin 
tion of the initial dose until prothrombin time results stabilize in the therapeutic NIS Inter 
between subsequent prothrombin time determinations should be based upon the physicia 's judgr 
of the patient's reliability and response to warfarin in order to maintain the individual within the t 
peutic range. Acceptable intervals for prothrombin time determinations have usually fallen withir 
range of one to four weeks. Satisfactory levels for maintenance of therapeutic prothrombinopeni: 
1% to 2% times the normal prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds) 


Induction-40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for 
dose only administered orally, intravenously or intramuscularly. , 


Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibilit 
dosage is provided by breaking scored tablets in half. The individual dose and interval should be gat 
by the patient's prothrombin response. | « 

Duration of therapy-The duration of therapy in each patient should be individualized. In ge! 
anticoagulant therapy should be continued until the danger of thrombosis and embolism has passe 


Treatment during dentistry and surgery- The management of patients who undergo dental and sur 
procedures requires close liaison between attending physicians, surgeons and dentists. Interruptic 
anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are ı 
tained at full doses, some patients may hemorrhage excessively. If it is elected to administer antici 
lants prior to, during, or immediately following dental or surgical procedures, it is recommended 
the dosage of COUMADIN® be adjusted to maintain the prothrombin time at approximately 112 
times the control level. The operative site should be sufficiently limited to permit the effective us 
local procenta for hemostasis including absorbable hemostatic agents, sutures, and pressure d 
ings if necessary. Under these conditions dental and surgical procedures may be performed wit 
undue risk of hemorrhage. 


COUMADIN * with Heparin-Since a delay intervenes between the administration of the initial dose 
the therapeutic prolongation of prothrombin time, it may be advisable in situations of great emerg 
to administer sodium heparin initially along with COUMADIN®. The initial dose of heparin and injec! 
COUMADIN" may be administered together in the same syringe.-It should be noted that heparin 
affect the prothrombin time, and therefore, when patients are receiving both heparin and COUMAD 
the blood sample for prothrombin time determination should be drawn just prior to the next hey 
dosage, and preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the 
subcutaneous injection. 


TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is re 
controlled by discontinuing COUMADIN® (crystalline sodium warfarin), and if necessary, the or 
renteral administration of vitamin Kı. The appearance of microscopic hematuria, excessive mens 
leeding, melena, petechiae or oozing from nicks made while shaving are early manifestatior 
hypoprothrombinemia beyond a safe and satisfactory level. 
In excessive prothrombinopenia with mild or no bleeding, omission of one or more dose 
COUMADIN * may suffice; and if necessary, small doses of vitamin K; orally, 2.5 to 10 mg, will us 
correct the problem. ; 
If minor bleeding persists, or progresses to frank bleeding, vitamin K; in doses of 5 to 25 mg ma 
given parenterally. (Please note recommendations accompanying vitamin K preparations prior to us 
Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombinor 
states unresponsive to vitamin K;. i 
Resumption of COUMADIN® administration reverses the effect of vitamin Kı, and a therapi 
hypoprothrombinemia level can be obtained. ; 
SUPPLIED Tablets: COUMADIN® (crystalline sodium warfarin). For-oral use, single scored, impri 
numerically with potency as follows: 2 mg lavender, 2% m Mela 5 n . 7V2 mg yellow 
mg white, 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister packa; 


Injection: Available as snos injection units of amorphous sodium warfarin lyophilized for intravei 
or intramuscular use in a box of 6 units for use immediately after reconstitution. 50 mg: Unit con 
of 1 vial, 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted with sodium hydro 
accompanied by a 2 ml ampul Sterile Water for Injection. 

Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitabl 
intravascular injection without first having been made approximately isotonic by the addition of a 
able solute. Use only for reconstitution of the lyophilized product. 


€ndo Laboratories, Inc. 
Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
I Garden City, N.Y. 11530 
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Only Tektronix gives you 
all three in a portable 
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Todays thinnest lithium pacemake 
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Part of a total superior system from Intermedics, Inc. 


Intermedics now offers the thinnest 
lithium cardiac pulse generator 
available in the world today — the 
ThinLith. The unipolar ThinLith, 


















ness virtually eliminates 
the skin bulge common : 
with thicker pulse generators, adds 
to patient comfort and greatly reduc- 
es skin pressure necrosis. In addi- 
tion, the ThinLith's light weight and 
smoothly rounded corners reduce the 
chance of migration within the body. 

The ThinLith employs the same 
dependable C-MOS circuitry which 
has proven successful in other In- 
termedics pulse generators. This 
double ion diffusion C-MOS circuitry 
provides optimum sensing and 
stimulation performance, even at 
low voltage levels. To aid in the 
creation of the ThinLith, we have 
greatly reduced the number of 
components and miniaturized the 
electronics by using a hybrid circuit 
which employs advanced technol- 
ogy in microelectronics. 

As a power source, Intermedics’ 
engineers chose the highly reliable 
Catalyst Research, single cell, 
lithium-iodine battery, proven in test- 
ing and in human use for five years. 
This power source has a theoretical 
longevity of ten years and is backed 
by Intermedics with a 72 month 
replacement credit agreement. 

After assembly and testing, the 
circuitry and power source are her- 
metically sealed in electromagnetic 
interference resistant, 316L stainless 
steel and sterilized for implant. The 
ThinLith, as are all Intermedics 

pulse generators, is designed to 


accept all of the more commonly 
used leads without need for an 
adapter. 

The predecessors to the Inter- 
medics ThinLith are the unipolar 
C-MOS | mercury-zinc pulse 
generator and the C-MOS I Lithium, 
and the InterLith™ generators in 
unipolar and bipolar models. These 
have been the choice of pacemaker 
implants around the world. 


Life -Prolonging Leads 

As part of their life support system, 
Intermedics manufactures a qual- 
ity line of high density, platinum- 
tipped leads which provide low 
pacing and sensing thresholds, 
thereby increasing the longevity 
of the pulse generator. Materials for 
lead manufacture were carefully sel- 
ected for their chemical and func- 
tional compatibility as well as their 
strength and flexibility. Closed coil 
construction resists dislodgement 
and prevents lead fractures and pro- 
vides lead flexibility so important to 
the physician. Intermedics' leads are 
available in a variety of tip configura- 
tions: unipolar spherical, conical 
and blunt-tip; and bi-polar blunt-tip. 


Trans-Telephonic 
Monitoring Systems 
At No Additional Charge 


Intermedics is the only pacemaker 
manufacturer in the market today 
which provides the patient with a 
trans-telephonic monitoring service 
— Trace-A-Pace™ —— absolutely 
free of charge to the patient, physi- 
cian, or heatlh carrier. At the request 
of the physician, the patient re- 
ceives a light-weight and easy-to- 
use (requires no electrode wires) 
transmitter. Then, at intervals de- - City 
termined by the physician, the pa- 


tient simply dials our toll-free 
number and has a rhythm strip and 
digital interval rate count recorded. 
In all cases, the physician receives 
a full report and copy of the rhythm 
strip by mail. However, should an 
irregularity be observed, the 






physician . 
is notified U i 
immediately S 

by telephone. This service greatly 
reduces the time required for patient 
follow-up and increases the patient's 
confidence and mobility. 


24-Hour Service 


All Intermedics' representatives 
are on call 24 hours a day. When 
necessary, they can have an Inter- 
medics implantable device in your 
hands shortly after you call. 

For the location of your nearest 
Intermedics representative, or 
for additional information about 
our products, call toll-free 
1-800-231-2330. In Texas, call 
collect 1-713-233-8611. 


é os S, 


P.O. Box 617 * Freeport, Texas 7754 
: For further information concerning Intermedics 
: orany of its products, clip and return this coupt 
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ThinLith™, InterLith™ and Trace-A-Pace™ are registered trademarks of Intermedics, Inc. 


ECHO-COMP 


The M-mode Calculator from 


ECHO-COMP Provides Automatic 
Calculation of over 70 Typical 
M-mode Measurements Including 
Excursions, Times, Velocities, 
Dimensions, Ratios, Body Surface 
Area Corrections, Heart Rate Cor- 
rections, Statistics. 





DIGISONICS 


3701 KIRBY DRIVE 
HOUSTON, TEXAS 77098 
CALL TOLL-FREE (800) 231-3490 


DIGISONICS 


HOUSTON, TEXAS 





Touch the M-mode data points and a 
control button with a special pen. The 
results are immediately printed. Use 
any strip chart recording from any 
M-mode echo unit. ECHO-COMP 
consists of a minicomputer, a printer, 
and a digitizer. 
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reliable and convenient 
ty to monitor ; 


For more 
information 


write to: Unit is shown 


actual size. 
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When cho osing a diuretic 
for day4 n-day-out 


ertension control with | 
comfortable compliance M 


The agent you choose in mild to moderate 
essential hypertension should offer (1) long-term 


effectiveness, (2) patient comfort and compliance. 


Zaroxolyn offers both. 


In one long-term study! Zaroxolyn brought 
moderately elevated (average 161/109 mm Hg) 
blood pressure down to the range of normo- 
tension — and held it there for a year or more. 


metolazone [Zaroxolyn] no doubt contributed to 
patient compliance? 


Overall compliance with Zaroxolyn is good— 
very good. An analysis of controlled clinical 


studies involving 188 Zaroxolyn patients showed. 


that only eight discontinued therapy because of 
side effects. That's a discontinuation rate of only 
4.3%, and broader clinical experience appears to 


d. 


. . 9 
The investigator noted, "Patient cooperation was substantiate Iis. ipw rate; 


surprisingly good for a study of such duration 


Zaroxolyn. For long-term control and comfortable — 
[23^ years]. The once-daily dosage schedule with 


compliance in mild to moderate hypertension. 


Recommended initial dosage in mild to moderate essential hypertension-2'2 to 5 mg once daily — - 


ZarmÁxolyn 
metolazone, Pennwalt 


215-mg, 5-mg sd 10-mg tablets 


once-daily antihypertensive diuretic 





»- OG 


Before prescribing, see complete prescribing 
information in the package insert, or in PDR, or 
available from your Pennwalt representative. The 
following is a brief summary. Indications: 
Zaroxolyn (metolazone) is an antihypertensive 
diuretic indicated for the management of mild to 
moderate essential hypertension as sole thera- 
peutic agent and in the more severe forms of 
hypertension in conjunction with other anti- 
hypertensive agents. Also, edema associated with 
heart failure and renal disease. Contraindications: 
Anuria, hepatic coma or precoma; allergy or 
sensitivity to Zaroxolyn. Or, as a routine in other- 
wise healthy pregnant women. Warnings: In 
theory cross-allergy may occur in patients 
allergic to sulfonamide-derived drugs, thiazides 
or quinethazone. Hypokalemia may occur, and is 
a particular hazard in digitalized patients. 
dangerous or fatal arrhythmias may occur. 
Azotemia and hyperuricemia may be noted or 
precipitated. Considerable potentiation may 
occur when given concurrently with furosemide. 
When used concurrently with other antihyper- 
tensives, the dosage of the other agents should 


age requires that potential benefits be weighed 
against possible hazards to the fetus. Zaroxolyn 
appears in the breast milk. Not for pediatric use. 
Precautions: Perform periodic examination of 
serum electrolytes, BUN, uric acid, and glucose. 
Observe patients for signs of fluid or electrolyte 
imbalance. These determinations are particularly 
important when there is excessive vomiting or 
diarrhea, or when parenteral fluids are admin- 
istered. Patients treated with diuretics or corti- 
costeroids are susceptible to potassium deple- 
tion. Caution should be observed when adminis- 
tering to patients with gout or hyperuricemia or 
those with severely impaired renal function. 
Hyperglycemia and glycosuria may occur in 
latent diabetes. Chloride deficit and hypo- 


hypokalemia, hyponatremia, hypochloremia, í 
hypochloremic alkalosis, hyperuricemia, hyper- E 
glycemia, glycosuria, raised BUN or creatinine, 2A 
fatigue, muscle cramps or spasm, weakness, t 
restlessness, chills, and acute gouty attacks. 
Usual Initial Once-Daily Dosages: mild to 
moderate essential hypertension —2'5 to 5 mg; 
edema of cardiac failure—5 to 10 mg; edema of 
renal disease—5 to 20 mg. Dosage adjustment 
may be necessary during the course of therapy. 
How Supplied: Tablets, 2%, 5 and 10 mg. 


References: 

1. Dornfeld L, Kane R: Metolazone in essential 
hypertension. The long-term clinical efficacy of 
a new diuretic. Curr Ther Res 18: 527-533, 1975. 

chloremic alkalosis may occur. Orthostatic 2 Baa n se spe enn Department, Pennwalt 

hypotension may occur. Dilutional hyponatremia reseopron T TOGUUSS. 

may occur in edematous patients in hot weather. $4 

Adverse Reactions: Constipation, nausea, 1 


P. 
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distress, intrahepatic cholestatic jaundice, 
hepatitis, syncope, dizziness, drowsiness, vertigo, 
headache, orthostatic hypotension, excessive 





be reduced. Use with potassium-sparing diuretics volume depletion, hemoconcentration, venous Os a agenda sh ie & 
may cause potassium retention and hyper- thrombosis, palpitation, chest pain, leukopenia, Pennwalt Corporation : 


kalemia. Administration to women of childbearing urticaria, other skin rashes, dryness of mouth, Rochester New York 14603 
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For/out of IO patients, 
your present defibrillator 
may be powerful enough. 


But more important, fo 
3 out of 10 it may not be. 




























defibrillation. Which is why 
current is the truly meaning- 
ful measure.) It also reads 
selected delivered energy. 
And delivered energy into a 
built-in test load. And instead 
of test lights, or ready lights, 
all readings are precisely 
shown on a bright digital 
display. 

To this point, we've 
been discussing the M/D2J 
as if it were merely a defibril- 
lator. Of course, it's a mon- 
itor/defibrillator. The defib- 


Recent studies of de- 
rillation have disclosed 
e disquieting facts: ''the 
cess rate for defibrillation 
human adults is only about 
% with defibrillators which 
iver 300 watt-seconds 
energy. '* And *'the prob- 
ility of defibrillating a sub- 
‘t who weighs over 220 
unds is extremely low." * 
iese studies have produced 
> following finding: **virtu- } 
y all defibrillators now in 
e have inadequate output 

















defibrillate many human rillator is an impressive part. 
Thy ee But the other parts are equal- 
Because of this, we D s$ ly impressive. The M/D2J 
veloped the Datascope M/D2J. A voee offers the finest non-fade monitor of any 
fibrillator capable of delivering not 300, or the monitor/defibrillator in emergency medicine. 
dely available 320, but 460 watt-seconds of And it offers the new Databank. The first 
ergy. Fully 1/3 more energy than most any other cassette recording system in emergency medicine. 
rtable defibrillator made today. An instrument that does away with the bulk of 
Which means,very simply, that you have paper recording while allowing you to record not 
jyre capability when you need it. merely ECG, but also to record the detailed 
But the Datascope M/D2J doesn't just de- management of the patient verbally onto the tape. 
'er more energy than other defibrillators. It tells Which means that in addition to offering 
u more about what it's delivering. more energy, our system offers more capability 
It is the only defibrillator in the world that than any monitor/ defibrillator i in the world. 
ads the current delivered RS — 7 For more 
the subject during de- information on the 
rillation. (Energy new M/D2J, write: 
oduces current. But Datascope Corp., 
rrent is what produces _ 580 Winters Avenue, 


Paramus,N.J.07652. 


The new M/D2J 
with Databank. 


"T T 
CKER, JR., W.A.-ELECTRICALDOSEFOR MENEILLSSL 
BRILLATION. CARDIAC DEFIBRILLATION 
NFERENCE, PURDUE UNIVERSITY, 
. 121-7, OCT. 75. 





Datascope 





agraph 
The final word in 
automatic exercise 


testing. 


Viagraph is an automatic exercise 
testing system with total treadmill 
control, ECG data processing, digital 
display of exercise and post-exercise 
phases, and the unique Final Report* 
--a complete test summary in hard 


copy. 


Viagraph aids diagnostic conviction, 
improves patient safety, reduces in- 
and post-test activities, and saves 
you time. Call toll-free or write 
today for complete information. 


Institution 


Street 





International Medical Corporation 
One Inverness Drive East 
Englewood, Colorado 80110 
AJC-5/77 |, Toll Free 800-525-8646 


City State Zip 
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*INDICATIONS — Based on a review of this drug by the National Academy of 
Science-National Research Council and/or other information, FDA has classi- 
fied the indication as follows: 


"Possibly" effective: For long-term therapy of chronic angina pectoris. Pro- 


longed therapy may reduce the frequency or eliminate anginal episodes, 
improve exercise tolerance, and reduce nitroglycerin requirements. The drug 
is not intended to abort the acute anginal attack. 


Final classification of the less-than-effective indications requires further 
investigation. 





CONTRAINDICATIONS — No specific contraindications are known. 


PRECAUTIONS — Since excessive doses can produce peripheral vasodila- 
tion, the drug should be used cautiously in patients with hypotension. 


ADVERSE REACTIONS — Adverse reactions are minimal and transient at 
recommended dosages. Instances of headache, dizziness, nausea, flushing, 
weakness or syncope. mild gastrointestinal distress and skin rash have 

been noted during therapy. Rare cases of what appeared to be an aggravation 
of angina pectoris have been reported, usually at the initiation of therapy. 

On those uncommon occasions when adverse reactions have been persis- 
tent or intolerable, withdrawal of medication has been followed promptly by 
cessation of undesirable symptoms. 


DOSAGE AND ADMINISTRATION — The recommended dosage is 50 mg 

(2 tablets) three times a day, taken at least one hour before meals. In some 
cases higher doses may be necessary but a significantly increased incidence 
of side effects is associated with increased dosage. Clinical response may 

not be evident before the second or third month of continuous therapy. 


For complete details, please see the full prescribing information. 
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Boehringer Ingelheim 
Boehringer Ingelheim Ltd., Elmsford, NY. 10523 


Illustrated: Queen of Hearts... from the series 
“Le jeu de Charles VII" created in Lyons, 
France in the second decade of the 16th century. 


The gentlemen of this series had names; the 
ladies bore heroic slogans. This pack honored 
the life of Charles VII (1422-1461). 





Whats in the cards for the 
anginal patient? 


For centuries, dealing with the hearts ills has b 
the subtlest of arts, an intricate shuffling of skill 
science. Even today, evaluating a drug for chr« 
angina pectoris involves the art of medicine as 
well as its science. 


During more than a decade of clinical experier 
compounding both science and art, Persantin 
has often been found useful in the long-term n 
agement of chronic angina pectoris.* It may: 


eliminate or reduce the frequency of anginal 
attacks 





improve exercise tolerance 





reduce nitroglycerin requirements 





Give enough...long enough (recommended c 
age: 50 mg t.i.d. at least one hour before meal: 
for 60 to 90 days or longer). 


Persantine: 


(dipyridamole) Tablets of 25 mg 


non-nitrate 


A Broken Heart 


It can start with a little 
high blood pressure 


Infarction with rupture of the wall in the left 
ventricle of man, 66, with mild hypertension., 
Blóod clot in pericardial sac. Postmortem. 
aile (ojo Lc To] e [To P Col SISTI TM for Boehringer 
Ingelheim by Lennart Nilsson. 











Reach for 
normal 


blood 
pressure 
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In mild to moderate ay 
hypertension NE 


Catapres 
(clonidine HCI) 


Catapres can make a diuretic 
look good. 


When more than a diuretic is needed, adding Catapres 
usually lowers blood pressure more.' 

You can add Catapres to 

Catapres to get pressure down 


near normal. 


Wide therapeutic dosage range — 0.2 mg to 2.4 mg* 
daily. Catapres may be all you need to reach 
near-normal levels. 


«K 
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*Doses as high as this have rarely been employed. 


Catapres usually doesn't add a 
lot of problems. 


The most common side effects — dry mouth, drowsiness, 
sedation — generally tend to diminish with time. When 
stopping Catapres, reduce dosage gradually over two 
to four days to avoid a possible rapid rise in pressure. 


Please see next page of advertisement for 
a brief summary of the prescribing information including 
precautions, warnings, and adverse reactions. 





In mild to moderate hypertension 


Hypertension through the lens of 
Lennart Nilsson. The photographic 
genius of Lennart Nilsson has revealed 
extraordinary details of the human 
organism. Now, Boehringer Ingelheim 
has commissioned an exclusive series 
of photographs by Nilsson depicting 
hypertensive damage. This series, 
presented in the interest of continuing 
medical education, vividly records the 
progression of an insidious disease. 


The Catapres Potential: 
blood pressure not just down, 
but down near normal 


Catapres.............. 


(clonidine HCl) 


Start with Catapres when a 
diuretic is wrong for your patient 


Add Catapres when a diuretic 
alone doesn't let you reach 
near-normal pressure 


Catapres 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 
(clonidine hydrochloride) is mild to moderate in potency. 
It may be employed in a general treatment program 

with a diuretic and/or other antihypertensive agents 

as needed *or proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
benefits outweigh the potential risk to mother and fetus. 
Usage in Children: No clinical experience is available 
with the use of Catapres (clonidine hydrochloride) in 
children. 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their physician. Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has nct been established in these cases. It has 
been demonstrated that an excessive rise in blood pres- 
sure, should it occur, can be reversed by resumption 

of clonidine hydrochloride therapy or by intrave- 

nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machinery 
or driving, should be advised of the sedative effect. 
This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and cther sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 





As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug, some of them rarely. (In some instances 
an exact causal relationship has not been established.) 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride, chlorthalidone, and 
papaverine hydrochloride. Weight gain, transient eleva- 
tion of blood glucose, or serum creatine phosphokinase: 
congestive heart failure, Raynaud's phenomenon; vivid 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restiessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100. 
For complete details, please see full prescribing 
information. 
Under license from Boehringer Ingelheim GmbH 


Reference: 1. Data on file at Boehringer Ingelheim Ltd. 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 
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you 


available, at the patient’s bedside. 


The Roche automatic thermodilution cardiac output mon- 
itor brings more accurate information to your intensive care 
unit. Operating unattended at staff determined intervals, it 
regulates the injectate temperature, precisely controls the 
injectate volume, and times injections with the patient’s 
cardiac cycle. 

Cardiac output data becomes more meaningful with the 
Roche monitor. In addition to providing cardiac output 
values, the Roche monitor prints out stroke volume, heart 
rate and time of determination. A separate recorder is 


available for recording cardiac output curves. 


For complete literature on this Roche instrument. mail the 
coupon or contact your Roche Sales Representative. 


FOR PRESCRIBING INFORMATION SEE BACK OF THIS PAGE. 
ROCHE MEDICAL ELECTRONICS INC. 


Subsidiary -Hoffmann-La Roche Inc. Cranbury,NJ 08512- 609-448-1200 







Theresa side of cardiac output. 
ve never seen before. The bedside. 


Automatic, unattended monitoring of cardiac output is now 


[] Please send me detailed literature on Roche instrun 
for cardiac intensive care. 


C] Please have my Roche Sales Representative c: 
arrange an in-hospital demonstration of the Ri 
Automatic Cardiac Outout Monitor 





Name 


Hospital Telephone 





Address 


ne 
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Prescribing Information 


Caution: Federal law restricts this device to sale by or on 
the order of a physician. Before prescribing, please consult 
complete product information provided with the instrument 
and Balloon Catheter, a summary of which follows: 


Indications: Indicated for use in measuring cardiac output 
by the thermodilution method. In addition, the balloon cath- 
eter device can be used to measure right atrial pressure, 
right ventricular pressure, pulmonary artery pressure, and 
pulmonary capillary wedge pressure. 


Contraindications: In individuals with pulmonary or tricuspid 
artresia extensive enough to block passage of the balloon 
catheter. Frequent administration to neonates may result 
in fluid overload. 


Warnings: Carbon dioxide should be used to inflate the bal- 
loon if there is a possibility that balloon rupture would 
result in air embolism in the left heart or systemic circula- 
tion. Balloon must not be inflated beyond the stated maxi- 
mum inflation capacity. Care must be exercised in patients 
with interatrial or interventricular shunts to assure that the 
catheter is in the pulmonary artery. 


Side Effects: Complications in the use of balloon catheters 
for cardiac diagnosis and monitoring include infection, per- 
foration of the heart or a great vessel, hemorrhage, cardiac 
arrhythmia, thrombosis, pulmonary embolism instances of 
balloon rupture without serious sequelae, and knotting of 
the catheter. Care should be exercised when passing the 
catheter in patients with left bundle-branch block because 
right bundle-branch block induced by traumatic catheter 
passage could result in complete heart block and asystole. 


Precautions: Liquids must not be used as balloon inflation 
media since the small diameter of the inflation lumen may 
make it impossible to properly inflate or deflate the balloon. 
In addition, inflating with liquid reduces the catheter's abil- 
ity to flow with the circulation. It is recommended that the 
balloon be inflated in sterile saline prior to insertion to 
assure balloon integrity. Pass the catheter under fluoro- 
scopic guidance with continuous ECG and arterial pres- 
sure monitoring; confirm placement of the catheter with 
X-ray. DEFLATE THE BALLOON PRIOR TO WITHDRAWAL 
OF THE CATHETER TO AVOID POSSIBLE VALVE 
DAMAGE. 


ROCHE MEDICAL ELECTRONICS INC. 
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LETTERS TO THE EDITOR 





ECHOCARDIOGRAM IN CARDIAC TAMPONADE. | 


Vignola et al.! recently described interesting echocardiogra- 
phic findings in 20 patients with pericardial effusion. A di- 
minished mitral valve E-F slope and a right ventricular epi- 
cardial early systolic notch were noted in the 4 patients with 
tamponade and in 1 of the 16 patients without tamponade. We 
now report the following case to elucidate further the speci- 
ficity and sensitivity of their findings. 

Case report: A chaplain on active duty in the marines was 
seen in consultation because of increasing shortness of breath. 
He was known to have carcinoma of the colon with metastases 
to the lungs. Physical examination revealed sinus tachycardia, 
tachypnea, blood pressure of 110/80 mm Hg, pulsus paradoxus 
of 10 mm Hg and markedly distended neck veins when the 
patient was in the sitting position without respiratory varia- 
tion. An echocardiogram demonstrated a large pericardial 
effusion, a “swinging” heart with pseudo-mitral valve pro- 
lapse, a mildly decreased anterior mitral leaflet E to F slope 
of 27 mm/sec, and an early systolic notch of the right ven- 
tricular epicardium. The chest X-ray film revealed pulmonary 
metastases, a moderately enlarged heart and a fullness of the 
right superior mediastinum. In preparation for pericardio- 
centesis, right heart catheterization was performed. This re- 
vealed a superior vena caval syndrome, increased distance 
from the right atrial endocardium to epicardium (consistent 
with a pericardial effusion) and normal heart and pulmonary 
wedge pressures (thus, no hemodynamic evidence of tam- 
ponade). 

The addition of our case to theirs yields a total of two false 
positives of six or four true positives of six. Thus, the predic- 
tive value (true positive + true plus false positive X100) of 
these echocardiographic signs of tamponade is not great. The 
measurement of the mitral valve E-F slope is unreliable in a 
“swinging” heart because slopes and dimensions are affected 
by the overall motion of the heart. This is well demonstrated 
by the authors’ finding that Patients 1, 4 and 5 had a further 
decrease in E-F slope after removal of fluid, thus suggesting 
that an erroneously fast E-F mitral slope with the effusion is 
possible. They commented that chamber dimensions and 
septal motion are not reliable in such a situation yet chose to 
rely upon the mitral valve motion. We conclude that tam- 
ponade remains a clinical and hemodynamic diagnosis until 
these echocardiographic findings are further substantiated. 


John S. Child, MD, FACC, 
LCDR MC USNR 
Joseph Kaufman, MD 
CDR MC USN 
Naval Regional Medical Center 
San Diego, California 
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REPLY 

The association between clinical tamponade and a diminished 
E-F slope and the early systolic right ventricular notch must 
be considered preliminary. Because of the small number of 
patients studied, the sensitivity and specificity of these 
echocardiographic findings need further prospective evalua- 
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tion in a larger series of patients with pericardial effusion with - 
and without tamponade. Until this information is available — 
we too believe that pericardial tamponade should be primarily — 


a clinical diagnosis. 

We stated in our paper that the measured E-F slopes were 
corrected for the exaggerated total cardiac swing. In addition, 
a perusal of our Figures 2 and 3 reveals that during the in- 


scription of the E-F slope in early diastole the whole heart 
including the mitral valve is swinging posteriorly. This motion _ 


disturbance would tend to steepen falsely rather than atten- 


uate the uncorrected E-F slopes of these patients with clinical | 


tamponade. 
A recent report! shows the echocardiogram of a patient with 


pericardial tamponade associated with a prominent early . 


systolic right-ventricular notch. Although the authors do not 


4 


Lastly, because our only patient with a false positive diag- - 


nosis (Case 6) may well have had undocumented pericardial 


tamponade, it would not be entirely correct to classify this case 
as a true false positive without more clinical and hemodynamic 


data. 
Paul Vignola, MD 
Gordon S. Myers, MD, FACC 
Cardiac Unit 
Massachusetts General Hospital 
Boston, Massachusetts 
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ECHOCARDIOGRAM IN CARDIAC TAMPONADE. II 


The echocardiographic findings!” reported in association with — 
cardiac tamponade have included phasic changes with res- - 


piration in the closing slope and excursion of the anterior 
mitral valve leaflet and ventricular dimensions, systolic 
notching of the right ventricular epicardial echo and reduction 
in the mitral E-F slope. Vignola et al.? suggested that a normal 
mitral E-F slope was evidence against the diagnosis of cardiac 
tamponade but acknowledged that their series was small. The 
following case report is pertinent to this issue. 

Case report: A 50 year old man with chronic renal failure 
had been successfully treated with hemodialysis since De- 
cember 1970. On November 8, 1976 atrial fibrillation devel- 
oped during the procedure and he required 3 liters of saline 
solution for blood pressure support. Digitalis was adminis- 
tered, and the rhythm converted to sinus rhythm 2 days later. 
He was febrile, with an oral temperature of 100.4? F. On No- 
vember 9, a loud pericardial friction rub was heard, and jug- 
ular venous pressure was estimated to be 17 cm H20. Blood 
pressure was 124/80 mm Hg, similar to his usual level. An 
echocardiogram was interpreted to show large posterior and 
small anterior echo-free spaces. A diagnosis of uremic peri- 
carditis was made, and the frequency of hemodialysis was 
increased. The patient was dialyzed six times between No- 
vember 9 and November 16. This resulted in a 2.7 kg weight 
loss, but serial chest X-ray films showed progressive en- 
largement of the cardiac silhouette. On November 16, hemo- 
dialysis was terminated prematurely because of difficulty in 


discuss the finding, the notch is clearly evident in their Figure 
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TABLE! 


Hemodynamic Data Before and After Pericardiocentesis 





Pressures (mm Hg) 








Popliteal 
Artery * RA PA PAW 
Before 95/? (12) 27/18 (12) 
After 130/80 (6) 45/20 (13) 





* Cuff pressure. 
Figures in parentheses indicate mean pressures. 
PA = pulmonary arterial; PAW = pulmonary arterial wedge; RA = 


A right atrial. 
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‘maintaining an adequate blood pressure. The following day 


the rhythm reverted to atrial fibrillation and the patient 


complained of weakness and dyspnea. Blood pressure varied 
from 60/30 to 80/50 mm Hg. A Swan-Ganz catheter was in- 


serted, and equal right and left heart filling pressures were 
documented (Table I). Immediately after this procedure the 
rhythm spontaneously converted to sinus rhythm, with an 
increase in blood pressure to 95 mm Hg systolic. A repeat 
echocardiogram (Fig. 1) demonstrated a marked increase in 
the anterior echo-free space compared with the previous ex- 
amination 7 days earlier. There was moderate respiratory 
variation (81 to 123 mm/sec) in the mitral E-F slope, but all 


= values were within the normal range. Immediately after the 


echocardiogram, 530 cc of bloody pericardial fluid was re- 
moved by pericardiocentesis, resulting in a marked increase 
in systemic arterial and pulmonary arterial pressures, a de- 
crease in right atrial pressure and symptomatic improvement. 
Hemodynamic data before and immediately after the removal 
of pericardial fluid are summarized in Table I. 
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Our patient clearly had cardiac tamponade, as evidenced 
by equal filling pressures on both sides of the heart and 
marked hemodynamic. improvement immediately after 
pericardiocentesis. This case illustrates that a normal mitral 
E-F slope does not exclude the diagnosis of cardiac tampon- 
ade. 

Dennis J. Bauman, MD 

Department of Medicine 

University of Utah College of Medicine 
and the Salt Lake Veterans 
Administration Hospital 

Salt Lake City, Utah 
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REPLY 

We disagree that this patient “clearly had cardiac tam- 
ponade" as the sole cause of his hypotension. If one assumes 
the absence of right heart failure, the elevation of the right 
atrial pressure and its subsequent decrease after pericardio- 
centesis suggest some element of restriction to cardiac filling. 
However, it is difficult to believe that restriction to left ven- 
tricular filling serious enough to cause hypotension would be 
associated with a left ventricular filling pressure of only 12 mm 
Hg except in a moribund patient. The failure of the pulmonary 
capillary wedge pressure to decrease after the pericardio- 
centesis further substantiates this view. Rather, the frequent 
dialyses and documented weight loss suggest that hypovo- 


"TL Ace-eimmm lansnal asf CADNINI ACV Vahima 20 


" ECL LEES VED Ser ee ya X te 
? s VC ‘a von a , Gor A oM A 


3 


lemia was playing a major role in this patient’s hemodynamic 
difficulties. These factors and the associated cardiac rhythm 
changes make the clinical picture complex. We therefore be- 
lieve that this does not represent a case of unequivocal isolated 
cardiac tamponade associated with a normal mitral valve E-F 
slope. 

Paul A. Vignola, MD 


RESPONSE 


I agree that our patient's hypotension reflected the combined 
effects of volume depletion and cardiac compression. How- 
ever, since he had equal right and left heart filling pressures 
with a marked reduction in right atrial pressure and an in- 
crease in systemic arterial pressure after pericardiocentesis 
alone (he was given only a few cc of intravenously adminis- 
tered fluids during the procedure), I believe the case is a valid 
example of cardiac tamponade with a normal mitral E-F 
slope. 

A pulmonary arterial wedge pressure of only 12 mm Hg is 
unusual in tamponade, but I believe that it simply reflects the 
associated volume depletion. During the past year we have 
seen an additional patient who had evidence of an important 
degree of cardiac compression despite relatively low ventric- 
ular filling pressures. This patient had a large pericardial 
effusion associated with excessive hypoprothrombinemia due 
to coumadin administration after aortic valve replacement, 
and he clearly manifested volume depletion secondary to 
vigorous diuresis. His hemodynamic findings before and after 
pericardiocentesis (450 cc) are shown in Table I. 


TABLE I 


Hemodynamic Findings 


Pressures (mm Hg) 


Before After 
Right atrium (10) (5) 
Brachial artery 103—132 (91 110—126 

72-79. 91! -73-80 O” 
Pulsus paradoxus 29 16 
Pulmonary arterial wedge (12) 
Pulmonary artery 20—36 (19) 17—25 
78—17 ——13 (15) 

Cardiac index (liters/ 2.2 4.0 


min per m?) 


Figures in parenthese indicate mean pressures. 


The normal supine brachial arterial pressure is deceptive 
because the patient had striking orthostatic hypotension and 
was unable to maintain the upright position. I think this case 
also illustrates that a major degree of cardiac compression may 
occur with a normal pulmonary arterial wedge pressure in the 
nonmoribund patient with volume depletion. 

In the patient described in my letter, the absence of the 
anticipated decrease in pulmonary arterial wedge pressure 
after pericardiocentesis most likely reflected a concomitant 
increase in cardiac output. The latter was not measured, but 
the marked increase in systemic arterial and pulmonary ar- 
terial pressures immediately after the procedure is consistent 
. with this hypothesis. Our experience with these two patients 
has broadened our concept of the spectrum of hemodynamic 
responses associated with cardiac compression. 

Dennis Bauman, MD 
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Q WAVE DISAPPEARANCE AFTER CORONARY 
BYPASS SURGERY 


Conde et al.,! reporting three well documented cases of 
anterior wall myocardial infarction in which abnormal Q 
waves disappeared after aortocoronary bypass surgery, did 
not present vectorcardiograms in their cases. I present another 
fully documented case, emphasizing a vectorcardiographic 
point of view. 


Case report: The patient, a 47 year old man, had an inferior | 


wall myocardial infarction 13 years previously. Because of 
recurrent episodes of angina he was admitted to Saint Luke's 
Hospital (Houston, Texas) where he underwent coronary 
bypass surgery. The preoperative vectorcardiogram (Fig. 1) 
shows a pattern typical of inferior wall myocardial infarction 
as well as a pattern of a strictly anterior infarction. The latter 
is postulated from the posterior displacement of the efferent 
limb of the QRS loop in the horizontal plane and the clockwise 
rotation of its initial part.? The electrocardiographic inter- 
pretation leads to a similar diagnosis. The coronary arterio- 
gram and left ventriculogram confirmed the diagnosis and 
revealed a complete proximal occlusion of the right coronary 
artery with moderate stenosis of the posterior descending 
artery, severe proximal disease of the left anterior descending, 
circumflex and middle obtuse marginal arteries and hypoki- 
nesia of the anterior myocardial wall. 

The patient received three grafts—to the right, left anterior 
descending and diagonal coronary arteries—and has since 
been doing well. 

The postoperative electrocardiogram (Fig. 1, bottom) re- 
vealed disappearance of the abnormal QS pattern in lead Vs 
and an increase of the r wave in leads V; and V3. The Q wave 
in leads II, III and aVF remained unchanged. 

In the postoperative vectorcardiogram the initial QRS 
forces were restored almost to normal and became anterior 
for a duration of 32.5 msec and exceeded 0.1 mv in maximal 
anterior amplitude. Therefore the.criteria for anterior wall 
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aortocoronary bypass surgery. Interval between dashes is 2.5 msec. 
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-~ cannot be applied further. However, the maintenance of a 
. clockwise rotation of the anterior forces for a period of 15 
msee? and the small figure-of-eight pattern suggest that the 
. anterior wall damage persists in spite of the anteriorly restored 
- initial forces and the disappearance of Q waves in the elec- 
.. trocardiogram. 

_ We conclude that the disappearance of Q waves after cor- 
H onary bypass surgery is independent of the number of vessels 


E - Another point, well outlined by Zeft et al., 4i is the suggestion 
E “that when the preoperative electrocardiographic and vector- 
UE iographic patterns of infarction are secondary to myo- 
ks cardial ischemia rather than to frank infarction improved 
Et ion to ischemic areas after revascularization surgery can 

ES return the initial QRS forces to normal. 
. . Inour case the persistent abnormality in the inscription of 
v “the anteriorly restored initial forces after bypass surgery 
e | suggests that the hypokinetic area remains. This view is in 
È "agreement with that of Jacob et al.,° who stated that such 
By Pokinetic areas, when associated with such patterns of in- 
ms arction in the electrocardiogram and vectorcardiogram, are 
. less likely to improve after coronary bypass surgery. In such 
M cases the restoration of anterior forces does not exclusively 
hg indicate the disappearance of anterior wall damage; more 
b . comparative quantitative analysis of the vectorcardiogram 
a conjunction with a postoperative left ventriculogram would 

e necessary to establish such disappearance. 
Stavros Gotzoyannis, MD 

401 Army General Hospital 


Athens, Greece 
E 
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. Gotzoyannis describes another patient whose abnormal Q 
|» waves disappeared after coronary bypass surgery. The pre- 
and postoperative vectorcardiograms corroborate the elec- 
- trocardiographic findings and, moreover, are more suggestive 
of persisting myocardial infarction. 
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z . myocardial infarction recently described by Starr et al? 
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We all agree that the infarcted ocn does not oem 
with revascularization and, we believe, as stated in our paper, 
that the abnormal Q waves may dissappear because of hy- 
pertrophy of the myocardium surrounding the area of in- 
farction, development of collateral circulation with im- 
provement of perfusion and electrical activity in the periin- 
farction area, or balance of electrical potentials if a second 
infarction occurred. The only “damage” that can disappear 
after revascularization, as Gotzoyannis agrees, is that due to 
ischemia; however, chronic myocardial ischemia is not a cause 
of abnormal Q waves. 

Jose Meller, MD 
The Mount Sinai Hospital 
New York, New York 


DOUBLE OUTLET RIGHT VENTRICLE 


With reference to the paper of Sridaromont et al.,! the first 
diagnosis during life of double outlet right ventricle was 
achieved by Coelho et al. in 1963,? and they, not Carey and 
Edwards in 1965,? first reported the angiocardiographic 
features of this condition. 
E. Macieira-Coelho MD, PhD 
Department of Cardiology 
Hospital de St?. Maria 
Lisbon, Portugal 
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REPLY 


Coelho's report in 1963 was, indeed, the first reported angio- 
cardiographic study of double outlet right ventricle. It con- 
tains all the angiographic criteria usually associated with 
double outlet right ventricle except for the recognition that 
in the usual case of double outlet right ventricle there is a lack 
of continuity between the mitral valve and either semilunar 
valve and that this discontinuity can be demonstrated an- -— 
giocardiographically. | 
Thank you very much for calling this to my attention. 
Robert H. Feldt, MD, FACC 
Pediatric Cardiology © 
Mayo Clinic 
Rochester, Minnesota 
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President's Page: 


Preventive Cardiology 





Dr. Mason 


UF CARDIOLOGY NEWS  — 


In my presidential address to the 26th 
annual convocation of the College in Las 
Vegas, March 9, 1977, | reflected upon 
the many achievements and present sta- 
tus of our College and certain goals and 
directions for the future. The purpose of 
this president's page is to focus additional 
attention on one of those goals—the 
close interrelation between preventive 
cardiovascular medicine and traditional 
practice in managing cardiovascular dis- 
orders. 

The challenge of preventing cardio- 
vascular disease is difficult and enormous. 
Over the past half century, the principal 
cause of death nationally has been dis- 
ease of the heart and blood vessels. In- 
deed, more than 50 percent of mortality 
in this country is a result of such disease. 
It accounts for the loss of life of almost 1 
million persons each year in the United 
States. Nearly every adult American is 
afflicted by atherosclerosis, and its vari- 
ous complications cause more than four 
fifths of all deaths of cardiovascular origin. 
Coronary atherosclerosis is the single 
largest cause of death, being responsible 
for more than one third of all deaths an- 
nually and two thirds of deaths due to 
cardiovascular disease. Moreover, 60 
percent of deaths due to coronary disease 
are sudden, and even surviving patients 
with acute myocardial infarction who re- 
ceive modern in-hospital coronary care 
are at increased risk for subsequent fatal 
coronary events. In addition, sustained or 
labile hypertension occurs in at least 30 
percent of our adult population and greatly 
accelerates the incidence of coronary 
disease, stroke and heart and kidney 
failure. 
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There have been important recent ad- | 


vances and substantial development of | 


clinical expertise in treating overt car- 


diovascular disorders. Nevertheless, in ~ 


light of the staggering magnitude of the K 


morbidity and mortality associated with 
cardiovascular disease and the large array 


of economic resources and professional 
persons required to treat symptomatic 
patients, it is clear that a preventive ap-  . 


proach must be given high priority. Be- — - 


cause so much knowledge is lacking 


about the etiology and pathogenesis of — - 


atherosclerosis and hypertension, basic 


research in these areas must also be — 


substantially augmented. And uncertainty 


must be lessened concerning the proper — 
measures for primary and secondary . 
prevention and the most effective and  . 
efficient methods of applying prophylactic — 


measures. Nevertheless, the concept of 
prevention has come of age and the 


Clinician should become more oriented to 


this approach as his ultimate goal. 


Finally, | believe that the research and © 
education program strategy developed . 
and supported by the National Heart, Lung, - 
and Blood Institute during its nearly 3 
decades of operation, has played a major — 


role in the significant reduction (15 per- 


cent) in mortality from cardiovascular | 
disease in the past 5 years. In 1975, 


deaths related to such disease decreased 


to less than 1 million, and it appears that . 


this is the main factor responsible for the 
diminishing overall annual death rate in 
our country. 


Dean T. Mason, MD, FACC 
President 
American College of Cardiology 
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The aim of each program is to increase the 
K theorétical and practical knowledge of the 
_ normal and abnormal function of the cardio- 
-vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
3 heart disease. The need for such programs 
. increases with the ever increasing amount of 
E scientific and clinical data, the constant; 
.. changes in technology and methodology, and 
. the greater availability of therapeutic options. 
. Today most cardiologists, internists and family 
i practitioners feel the need of supplementing 
= their professional reading by direct contact 
... with the authors, research workers and leaders 
7 in the field. 
_ . To solve these problems the Committee 
E. selects each year series of carefully super- 
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vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists, educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticuleus scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 





“Calendar of Continuing Medical Education Programs 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing Education 





- To be Preceptorships in Cardiology. Ar- 
arranged thur Selzer, FACC, director. Pacific 


— individ- Medical Center, San Francisco, 
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MAY Clinical Auscultation of the Heart. 

[: 11-13 W. Proctor Harvey, FACC, director. 
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Georgetown University Medical 
Center, Washington, D. C. 


CERE 
arid ee 


Correlation of Noninvasive Meth- 
ods in Cardiovascular Diagnosis. 
Arnold M. Weissler, FACC, director 
and Sandra M. Leitner, co-director. 
Harper Hospital Division, Harper 
Grace Hospital, Detroit, Mich. 
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_ Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


MAY THROUGH SEPTEMBER 1977 


MAY Asymptomatic Coronary Artery 

12-14 Disease—Early Detection and 
Management. C. Richard Conti, 
FACC, director and Lamar Cre- 
vasse, co-director. Innisbrook Golf 
and Resort Club, Tarpon Springs, 
Fla. 

MAY New Concepts in Clinical Electro- 

27-29  cardiography. William J. Mandel, 
director. Century Plaza Hotel, Los 
Angeles, Calif. 

JUNE Echocardiography —Fundamen- 

7-10 tals and New Developments in 


Cardiac Ultrasound. Arthur D. 
Hagan, FACC, director and Jeel S. 
Karliner, FACC, co-director. Town 
and Country Hotel, San Diego, 
Calif. 
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AUG. 
21-23 


Tutorials in the Tetons: Cardiac 
Emergencies (Third Annual). 
Robert S. Eliot, FACC, director and 
Alan D. Forker, FACC, William P. 
Nelson, FACC, Robert J. Davis, 
FACC and Gerald L. Wolf, co-di- 
rectors. Jackson Lake Lodge, 
Moran, Wyo. 


SEPT. 
7—10 


Interpretation and Therapy of 
Cardiac Arrhythmias. Leonard S. 
Dreifus, FACC and Yoshio Watan- 
abe, FACC, directors. The Phila- 
delphia Marriott Motor Hotel, Phil- 
adelphia, Pa. 


SEPT. 
29-30 


Cardiac Electrophysiology for a 
Cardiologist. Borys Surawicz, 
FACC and Leonard S. Gettes, 
FACC, directors. University of 
Kentucky Medical Center, Lexing- 
ton, Ky. 


es é Th, LM a ee 1 













































STL E . e — 
E c. A TET [ETIN DET MESURE 
EF HERRES Ex Eg m 
E CI pe BB ee : 
8 Lee. Sia; <a 
= ES 088 eg 
E een Seg = 
o D e a HEIES Cor DAE EE 
-O E aa Rene diltHLttEEETHTI- 
os cc E a EERE SEERE 
: E E SSe S : 
: Se RR ERESE eo ERES EL 
LEE o Theo S Bees 
: So D Rc 
«(QC ae SHE EBEREN rb 
3 w Se SSS) SS 
> = ose e A H- 
n SS 4-4 Hl» San oes 
2 = ea te 
d G- 2 na eee 
- oS ES E ECL BEIDE. 
e SS SSS SS ee LETTERE SEL —— m Ere 
L9 | 1 SPP 
2 aS cee HS ub ss: d IgE 
5 eee HE cee eee E 
f 225522 == EIUS i 
o T 
2 SS Pn HUHITLLILLLLITHS 
9 -EEEESd- ee ett 
ew mimm. Ses eas Bg oso or cu EM 
B - SS SS Se SS SSS SS SS = Im qup - e i 
E = EE ee 
o ro Em eb s RICE | ; 
PF << -a 5S | e EBEN : RE o 
us LC DT m EE deo eee = =e EE 
(086€ 0 Bs E FL EE E | 
a -$ o EF HERE 
k^ nge =E 
pu L—ECLE-EGE -—- 
E = SS 
e © AT a lean 
|» Q'c Ean aranne 
E LB II ELI. 
| S ERE 1 ttt tl as 
E So = o See TELL LC te 
ME =n Pella pess $ saas = 
L oxRE- z —- HB lg 
o B = E e E ; 
am Co = ERI BEES Erro cpm Er 
b Se ee eee ines er bee ca 
E. -EERECEREL-- -trr-I--EEE 9-222 ses 
sane E—L—EEEEEEEEZLLÁ Sees toes Est EEG mE En eR 
ES y seuss senay mestar cm Mi ILL. Espos peoos popoe ns. Ta DTS rea: Ses: aare rr 
s -o oO HN NO — 

à 


How it works 


TELEMED’s new ECG Analysis Program 
has been designed to provide more compre- 
hensive, more clinically useful interpreta- 
tions. 

It uses a decision table format that more 
closely corresponds to the associative logic 


TELEMED COMPUTER ECG ANALYSIS (K.4.1.!) 


PATIENT ID: 798213065 10:45:47 CENTRAL TIME 


CODE: 0090/67/3/2/6/0/0 


DATE: 10-NOV-76 


INTERVALS: PR = 0.14 


QRS (LIMB) = 0.163 
AXES: P = -10 QRS 


= 218 


PATIENT DATA: 
PATIENT IS A MALE, 67 YEARS OLD AND OF LARGE BODY BUILD WHO HAS POSSIBLE 
ISCHEMIA/INFARCTION AND IS TAKING ANTIHYPERTENSIVE DRUGS. 


INTERPRETATION: 


SINUS RHYTHM 
-RATE = 74 


DECREASING R-WAVE PROGRESSION THROUGH LEFT PRECORDIUM AND ABNORMAL Q-WAVES (I, L 


& V4-V6) WITH ST-SEGMENT AND T-WAVE ABNORMALITIES. THESE CHANGES ARE CONSISTENT 
WITH AN AGE UNDETERMINED—PROBABLY RECENT—ANTEROLATERAL MYOCARDIAL INFARCT 
ST-SEGMENT ELEVATIONS AND T-WAVE ABNORMALITIES (11, III, F) ARE CONSISTENT WITH 
ADDITIONAL INFERIOR INJURY. QRS DURATION EXCEEDS .12 SEC WITH TERMINAL FORCES 


ANTERIOR AND RIGHTWARD AND WITH UNUSUAL T-WAVE AXIS, CONSISTENT WITH RIGHT BUNDLE 


BRANCH BLOCK AND POSSIBLE TRUE POSTERIOR WALL EXTENSION OF THE LATERAL INFARCT 
SUPERIOR AXIS DEVIATION MAY BE SECONDARY TO THE LOSS OF LEFTWARD FORCES DUE TO 
LATERAL INFARCT. WITH A SUPERIORLY DIRECTED AXIS AND RBBB. RIGHT VENTRICULAR 
HYPERTROPHY (LESS LIKELY FOR THIS AGE GROUP) CANNOT BE EXCLUDED. WITH SUPERIORLY 
DIRECTED AXIS, FASCICULAR BLOCK MUST ALSO BE CONSIDERED—POSSIBLE BIFASCICULAR 
BLOCK. 


INTERPRETATION: (SUMMARY) 


SINUS RHYTHM 
-RATE =74 


-ANTEROLATERAL INFARCT—? RECENT 

-INFERIOR INJURY 

-TRUE POSTERIOR EXTENSION 

-RBBB AND SUPERIOR AXIS—? BIFASCICULAR BLOCK 
-R/0 RVH 


ABNORMAL ECG 





Why it works 


Only TELEMED could design a program 
which effectively deals with even unusual 
ECG contours. Because only TELEMED has 
an on-line file of more than 30,000 ECG's 
selected, by design, from the almost 3,000,- 
000 ECG's transmitted to TELEMED's Medi- 
cal Data Center from more than 1,200 facil- 
ities around the country. 

This data base is important. For exam- 
ple, the incidence of Wolff-Parkinson-White 
syndromeis 1 in 5,000. In less than 10 months 
only TELEMED could build an on-line file of 
500 cases of WPW from which to construct 
relevant decision tables to recognize this 
infrequent ECG pattern. This experience is 
about 100 times the likely case load of a 
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The New TELEMED ECG Analysis Program * 


of an electrocardiographer. While you may 
not completely agree with all of its conclu- 
sions, shown below is the new program's 
interpretation of the ECG on the preceding 
page...and the logic it used to arrive at that 
interpretation. 


Recent anterolateral myocardial infarct? 
a. QS or QR (I, L, V5, V6) 
b. ST-segment elevation (1, V5, V6) 
c. Negative T-waves (1, V4, V5, V6) 
Conclusion: Recent anterolateral MI. 
Inferior injury? 
a. ST-segment elevation (Il, Ill, F) 
b. Negative T-waves (II, III, F) 
Conclusion: additional inferior injury. 
RBBB? 
a. QRS duration greater than .12 second. 
b. Terminal forces anterior and rightward. 
Conclusion: Right bundle branch block. 
An uncomplicated RBBB? 
a. Rr (V1) (initial anterior forces greater 
than terminal anterior forces). 
b. Upright T-waves in right precordial 
leads. (V1-V 3) 
Conclusion: Not uncomplicated RBBB. 
Alternative: RBBB with evidence for true 
posterior extension of lateral infarct. 
RVH? 
a. RBBB 
b. Right or superior frontal plane QRS 
axis. 
However: RVH is rare in this age group, 
and there is a more likely explanation for 
RAD (i.e., loss of leftward forces due to 
lateral MI) 
Conclusion: RVH is unlikely but cannot be 
excluded. 
Posterior or anterior fascicular block? 
a.Right axis deviation (greater than 
t 120"). 


b. rS (1, L) and qR (II, IH, F) 

Conclusion: Posterior fascicular block 

cannot be diagnosed. 

c. Left axis deviation (—45 to —120"). 

d. rS (II, II, F) and gR (1, L) 

Conclusion: Anterior fascicular block can- 

not be diagnosed. 

Fascicular block complicated by MI? 

a. If anterior fascicular block was present 
prior to this MI, the loss of lateral wall 
forces would result in this superior axis. 

b. rS (II, III, F) and gR (1, L) 

Conclusion: In view of the clinical signifi- 

cance of bifascicular block, it cannot be 

overlooked. Previous traces would con- 
firm this. 


typical 500-bed hospital over a year's time. 
So when the TELEMED program sees WPW 
...it's seen it before! 

Thats only one example. TELEMED's 
medical and bio-engineering staffs have in- 
vested over 50 man-years working with this 
mass of data so that when the new TELE- 
MED program sees an infrequent ECG pat- 
tern it's more likely to be recognized. And 
give you a report you can use. 

Furthermore, the new TELEMED pro- 
gram correlates transmitted clinical data 
such as patient age, body build, clinical 
history and drug regimen with the contour 
of the ECG to provide a more relevant inter- 
pretation. 


A useful teaching aid 


TELEMED’s interpretation includes both 
the diagnostic possibilities and their asso- 
ciated diagnostic criteria, expressed in fa- 
miliar medical terms. The most important 
diagnostic possibilities are included, and 
ranked in descending order of probability. 





Included as an integral part of the TELE- 
MED program is the capability for computer 
analysis of graded Exercise Stress Tests. A 
— unique report summarizes and interprets 
the critical ST-segment changes, and docu- 
ments the entire process in an easily filed 
format. TELEMED’s economical leasing 
programs mean that now a sophisticated 








Routine ECG analysis utilizing the new 
TELEMED program provides a reliable tool 
for the busy cardiologist. By immediately 
providing basic interpretation, the new 
TELEMED program contributes to the stan- 
dard—and standardization—of quality of 
medical services in large facilities, and 





With a TELEMED Computer Terminal 
acting as a fully automated substation of our 
Medical Data Center, the cardiovascular 
specialist is able to retain complete control 
over his practice while enjoying the many 
benefits of the TELEMED Service. 

Continuous, round-the-clock service 
with full engineering and systems support. 
Maintenance and training. Quality control. 


A brief summary interpretation is also in- 
cluded to reduce reading time. And the full 
report is returned to the transmitting facility 
in minutes. This format—with the interpréta- 
tions and the reasons why-—is ideal for 
teaching situations. 


More versatile and comprehensive 


stress-testing system is available to any 
medical facility with virtually 

no capital investment. 
Furthermore, diagnostic 
criteria have been extended 
(| to deal effectively with the 
pediatric, pre-adolescent and 

adolescent ECG. 


The benefits of routine use 


helps increase the efficiency of physician 
time in any sized facility. Not only is the 
TELEMED service reliable and rapid, a va- 
riety of equipment plans and leasing pro- 
grams help insure that it is cost-effective for 
the user. 


A cost-effective way to establish a 
Regional ECG Service Center. 


Minimized downtime, thanks to TELEMED's 
redundant computer systems. And access 
to TELEMED's comprehensive, clinically 
useful, new analysis program. 

Risks are low. Since all equipment is 
leased, virtually no capital is required. And 
TELEMED will even help set up and estab- 
lish the service. 


Interested in learning more? 


TELEMED Corporation is now offering a | 
collection of computer-analyzed electro- 
cardiograms to enable cardiologists to 
judge for themselves the program's capa- 7 
dilities. For information, call toll-free (800) 
323-8025, or write to TELEMED at the ad- | 
dress given below. | 


A COLLECTION OF COMPUTER 
ANALYZED ELECTROCARDIOGRAMS 







TELEMICD 


CORPORATION 


2345 Pembroke Avenue 
Hoffman Estates, Illinois 60172 
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Thallium20! ANT, LAO & L LAT Views 
Before Image Enhancement with CIP 


The Clinical Image Processor™ displays a new 
concept in viewing, interpreting and recording 
scintillation camera images. 

Interactive contrast enhancement and back- 
ground subtract controls result in outstanding 
image presentation of those static studies which 
exhibit high background and poor contrast. This 
is valuable in Thallium” myocardial per- 
fusion imaging and pyrophosphate infarct 
scanning. 

Another important feature in the area of 
nuclear cardiology is the Cardiac Gate 
accessory. By using the R wave of an EKG 
trace as a trigger, and dividing the R-R in- 
terval into a number of equal windows" 
a series of images illustrating ventricular 
wall motion during the cardiac cycle may 
be accumulated. Images can then be re- 
played in a cine mode to instantly study 
regional wall motion in a manner never 
before available. 
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static and dynamic 
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studies. 








Thallium20 ANT, LAO & L LAT Views 
After Image Enhancement with CIP 


All flow studies can be sequentially collected 
in a multiple image format. Any individual 
image can then be magnified and enhanced 
for further study or the entire series can 
be replayed in cine mode for a dynamic flow 
presentation. 

All functions— contrast enhancement, back- 
ground suppression, magnification, smooth- 
ing, cine and color selection — are conveniently 
controlled. This allows instant interaction 

between the user and the image. 

This is another example of Picker's 
unique human resources benefiting you. 
It's a result of our expertise in the diag- 
nostic modalities of x-ray, ultrasound, 

nuclear, computed tomography, clinical 
laboratory, film systems and therapy. 

Only Picker has all these resources. 

Consult your Picker representative 
or write Picker Corporation, 12 Clintonville 
Road, Northford, CT 06472. 


Discover the human resources in Pickersynergy 





PICKER 


ONE OF THE C... COMPANIES 
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MARION LABS ANNOUNCES WE'VE 
FINALLY CAUGHT UP WITH 
PHYSICIAN DEMAND FOR 





TRANSDERMAL OINTMENT 


NITRO-BID 
(2% nitroglycerin) - 


Imagine our embarrassment and concern when to physician, pharmacist or patient caused by this 


physician acceptance and prescribing of Nitro-Bid temporary shortage of product. 
Ointment turned out to be far in excess of our Happily, we can now say that Nitro-Bid Ointment 
expectations! is now available in abundant supply in all areas of 

.. A Asaresult, some pharmacies were not able to the country. DOES SEDED e 
fil Nitro-Bid Ointment prescriptions during the We pledge to keep alert to YAT ond 
past two months. physician prescribing needs and [MI] M RION 








We sincerely apologize for any inconvenience keep pharmacies fully supplied. — zx: LABORATORIES no. 


against anginal attack 


Transdermal 


NITRO-BIDv%nitrogycerin 


Ointment 


2 


Two double-blind studies have demonstrated the efficacy of NITRO-BID* ( 


% nitroglycerin) transdermal oint 


ment.^? Nitro-Bid Ointment works because absorption throughthe skin providesa natural "controlled release 
delivery system that lets nitroglycerin bypass the digestive system and enter directly into the bloodstream. 


Bedtime or daytime, as little as an inch of Nitro-Bid transdermal ointment smoothed on the skin can give 


your patients hours of potent protection against anginal attacks. See 


Brief Summary DESCRIPTION: Nitroglycerin 2% (glyceryl 
trinitrate) and lactose in special lanolin-petrolatum base. 
ACTION: Nitroglycerin is continuously absorbed through the skin 
into the circulation, thus exerting prolonged vasodilator effect. 
INDICATIONS: Prevention and treatment of angina pectoris. 
PRECAUTIONS: Headache is a sign of overdosage, so reduce 
dosage. Occasionally elderly patients may develop postural hypo- 
tension with faintness upon suddenly arising. May be contrain- 
dicated in patients with marked anemia, increasedintraocular pres- 
sure or increased intracranial pressure. Don't use in patients with 
a known idiosyncrasy to nitrites. 

DOSAGE AND ADMINISTRATION: Usual dose is 1-2 inches, as 
squeezed from tube. Some patients require 4-5 inches. To deter- 


mine optimal dosage, start with 1 inch, increase dose 1/2 inch at 
ek W.J: 
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your Marion representative for further product information 


atime until headache occurs, then drop back to largest dose which 
doesn't cause headache. Apply to desired skin area with Dose 
Measuring Applicator. DO NOT USE FINGERS. Spread in thin, 
uniform layer. May be applied every 3-4 hours if necessary. Effec- 
tive in control of angina pectoris, regardless of skin site of appli- 
cation, although patients may prefer chest site because anginal 
pain originates in this area. To stop treatment of anginal patients, 
gradually reduce dosage and frequency of application over period 
of 4-6 weeks to prevent characteristic nitroglycerin withdrawal 
reactions. 


HOW SUPPLIED: 60-gram tubes. 


CAUTION: Federal law prohibits 
dispensing without prescription. 
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of nitroalycerin ointment on the exercise capacity in patients with angina pectoris 
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. This is the Memco Table System. 
Memco is the name fo specify for any 
special-procedure installation. 


Why? Two reasons. First, Memco is versatile. Memco tables are designed to perform 
with equipment built by any manufacturer of special-procedure rooms — GE, Picker, 
Siemens, CGR or Philips. And the Memco Table System works best with all of them. 

Second, we're specialists. Memco's only business is designing and building 
components for complex diagnostic systems. So everything we build is engineered and 
built with care. 

No matter what the needs of your special-procedure rooms, Memco makes it work 
better. Specify the Memco Table System. 








Neurovascular configuration Top transfer cart Peripheral/Long Bone Study configuration 


KONGS ss NEC CO 


Memco, Inc. A subsidiary of Xonics, Incorporated 
2080 Stonington Avenue, Hoffman Estates, Illinois 60195 
Telephone (312) 884-9300 


CONVENTIONAL HOLTER-TYPE 
TWO-MINUTE SCAN 








TWO MINUTES OF PATIENT DATA 
SUPERIMPOSED THE HOLTER/GLASSCOCK WAY. 





THE NEW STEIN/PETERLON 
TWO-MINUTE EXAMINATION 





Same patient. Same two minutes. Different reviewing 
technique. 

The display on the right is our new Stein/Peterson 
technique. It permits the examiner to hold two min- 
utes of ECG data on the screen for as long as is 
necessary to make accurate identification of arrhyth- 
mic sequences and ST segment changes, and to 
determine their temporal relationship. Any part of the 
display may be selected for print-out. 

Using the Stein/Peterson technique, Clinical Data 


prepares for the physician our new LCG™ Report-II". 


THE SAME TWO MINUTES 
PRESENTED THE STEIN/PETERSON WAY. 


which includes print-out on fan-folded paper of: 

e Selected tracings of abnormal ECG activity; 

* Heart rate for the entire period of recording; 

e Examiner validated quantitation of ectopic activity 
by morphology; 

e A summary by Clinical Data of abnormal ECG ac- 
tivity to simplify interpretation by the physician. 

We have prepared a concise folder that tells in 
detail all about the LCG Report-II and the Stein/ 
Peterson Examination Technique. For your free copy 
write to us or call toll free 800-225-9180. 


Clinical Data, Inc. 


ACCURATE DATA, CLEARLY REPORTED 


MR. PETER EADIE, CLINICAL DATA, INC., BOX 430, 358 CHESTNUT HILL AVE., BOSTON, MA 02146 


Acardiac patients 
anxiety and associated 
depressive symptoms 
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"€. 
can often delay active 
participation in rehabilitation 
for days or even weeks. 


In the hospital's protective atmos- 
phere, the cardiac patient may have 
seemed reasonably calm and coopera- 
tive—well on his way to the kind of emo- 
tional adjustment that many patients 
manage to make after a heart attack. But 
now he's back home, and must face the 
knowledge that life may never again be 
quite the same. Suddenly, he may be- 
come more anxious than he's ever been 
before. More fearful about the future. 
And his steadily mounting anxiety and 
tension—often accompanied by associ- 
ated depressive symptoms—can make it 
difficult for him to attempt rehabilitation. 





In time, many such patients respond 
well to your continued support and 
counseling efforts. But when excessive 
psychic tension—with or without associ- 
ated depressive features—continues to 
impede rehabilitative progress, Valium 
(diazepam) can be extremely helpful. 
The psychotherapeutic effect of Valium 
is frequently both pronounced and 
rapid: quite often, the patient experi- 
ences significant eliet of emotional dis- 
tress during the first few days of therapy 
and is, therefore, ready that much 
sooner to take a more active part in his 
own recovery. (Some patients, of 
course, may require more time to obtain 
a clear-cut response.) 


An important advantage in treating 
the cardiac patient: Valium (diazepam) 
is used with most classes of primary 
medications such as cardiac glycosides, 
anticoagulants, diuretics and vasodila- 
tors. Since it’s available as scored tablets, 
Valium allows you to set, adjust and re- 
adjust dosage as appropriate during ther- 
apy. And it’s often helpful: to add an b.s. 
dose to a b.i.d. or t.i.d. regimen if the 
patient's anxiety and secondary depres- 
sive symptoms worsen at bedtime. 

In recommended doses, oral 
Valium generally does not cause signifi- 
cant adverse effects on vital signs; how- 
ever, lower initial doses (2 to 27/5 m 
once or twice daily) should be used with 
elderly or debilitated patients to help 
avoid ataxia or oversedation. Physicians 
should be aware of the possibility of 
other side effects described in complete 
product information. 


Before prescribing, please see 
complete product information, 
a summary of which appears on 
the next page. 
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(diazepam) ^ 


2-mg, 5-mg, l0-mg scored tablets 
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— Prompt and effective action 

-. Valium acts promptly to help relieve psychic ten- 
- sion and its associated depressive symptoms in the 
- psychoneurotic cardiac patient. 


Wide margin of safety 
. At recommended dosages, oral Valium is generally 
. well tolerated and does not significantly affect 
. respiration, pulse or heart rate. 


Tae eo CERIU 
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. Before prescribing, please consult complete prod- 
. uct information, a summary of which follows: 
— Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional fac- 
- tors; psychoneurotic states manifested by tension, 
- anxiety, apprehension, fatigue, depressive symptoms 
- or agitation; symptomatic relief of acute agitation, 
- tremor, delirium tremens and hallucinosis due to 
acute alcohol withdrawal; adjunctively in skeletal 
muscle spasm due to reflex spasm to local pathology; 
- spasticity caused by upper motor neuron disorders; 
- athetosis; stiff-man syndrome; convulsive disorders 
- (not for sole therapy). 
- Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle 
- glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 
— Warnings: Not of value in psychotic patients. Caution 
- against hazardous occupations requiring complete 
- mental alertness. When used adjunctively in convul- 
- sive disorders, possibility of increase in frequency 
- and/or severity of grand mal seizures may require in- 
_ creased dosage of standard anticonvulsant medica- 
— tion; abrupt withdrawal may be associated with tem- 
E. porary increase in frequency and/or severity of sei- 
- zures. Advise against simultaneous ingestion of al- 
< cohol and other CNS depressants. Withdrawal 
- symptoms (similar to those with barbiturates and al- 
- cohol) have occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and muscle cramps, 
- vomiting and sweating). Keep addiction-prone indi- 
_ viduals under careful surveillance because of their 
predisposition to habituation and dependence. 
Usage in Pregnancy: Use of minor tranquil- 
izers during first trimester should almost 
always be avoided because of increased 
risk of congenital malformations as 
suggested in several studies. Consider pos- 
sibility of pregnancy when instituting 
therapy; advise patients to discuss therapy 
| if they intend to or do become pregnant. 
Precautions: |f combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of 
agents employed; drugs such as phenothiazines, 
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b For the cardiac patients 

[ psychoneurotic anxiety and 

| associated depressive symptoms. 
-ü 

Valium (diazepam) 


2-mg, 5-mg, 10-mg scored tablets 


Flexible dosage 

Valium, available as 2-mg, 5-mg and 10-mg scored 
tablets, allows dosage to be easily readjusted to 
suit patients’ changing needs. 


Predictable pharmacokinetically 
Pharmacokinetic studies of Valium demonstrate a 
highly predictable pattern of absorption, distribu- 
tion, metabolism and excretion. 


narcotics, barbiturates, MAO inhibitors and other an- 
tidepressants may potentiate its action. Usual precau- 
tions indicated in patients severely depressed, or with 
latent depression, or with suicidal tendencies. Ob- 
serve usual precautions in impaired renal or hepatic 
function. Limit dosage to smallest effective amount in 
elderly and debilitated to preclude ataxia or overse- 
dation. 

Side Effects: Drowsiness, confusion, diplopia, 
hypotension, changes in libido, nausea, fatigue, de- 
pression, dysarthria, jaundice, skin rash, ataxia, con- 
Stipation, headache, incontinence, changes in saliva- 
tion, slurred speech, tremor, vertigo, urinary retention, 
blurred vision. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucinations, increased 
muscle spasticity, insomnia, rage, sleep disturbances, 
stimulation have been reported; should these occur, 
discontinue drug. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver function 
tests advisable during long-term therapy. 


Dosage: Individualize for maximum beneficial effect. 
Adults: Tension, anxiety and psychoneurotic states, 2 
to 10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or 
q.i.d. in first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle spasm, 2 to 
10 mg t.i.d. or q.i.d.; adjunctively in convulsive disor- 
ders, 2 to 10 mg b.i.d. to q.i.d. Geriatric or debilitated 
patients: 2 to 2Y2 mg, 1 or 2 times daily initially, in- 
creasing as needed and tolerated. (See Precautions.) 
Children: 1 to 2Ve mg t.i.d. or q.i.d. initially, increasing 
as needed and tolerated (not for use under 6 
months). 

Supplied: Valium? (diazepam) Tablets, 2 mg, 5 mg 
and 10 mg—bottles of 100 and 500; Tel-E-Dose® 
packages of 100, available in trays of 4 reverse- 
numbered boxes of 25, and in boxes containing 10 
strips of 10; Prescription Paks of 50, available singly 
and in trays of 10. 


Roche Laboratories 
COCHE Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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Its no secret. 
We're aivina it away. 








We'll give you a new Avionics 445 Mini- Jude at ne ee on QC nn 
Holter Recorder. No charge. Then you send the | OMNIMEDICAL mes | 
recordings to us. We'll send you a complete | PARAMOUNT, CALIFORNIA 90723 | 
report. ; | pe | (213) 633-6660 | 

Your dynamic cardiogram report will include Please send me more information about Omnimedical's | 
a computerized quantitative analysis, a trend Dami Cardiouventiy Berdicé. 
analysis of Heart Rate and ST segment levels, | | 
2-channel real-time recordings of abnormalities | ! | 
and symptomatology — completely mounted in | Bd ma | 
booklet form. In 24 hours it's in and out of |" Organization | 
our hands. | | 

Our scanning system is designed to fit your Address City | 
system. It's easy it's inexpensive — all you really | BIS BS, CREE PEOR. cA T X p P CONUAT ES 
need is the need. Su roe RD eet S Phone T i Coa] 





_dyNAMIc cardiocRraphy SCANNING SERVICE Omnimedical 
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In the shock syndrome: 
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Selectively redirects blood to vital organs 


Increases vital organ perfusion 


In the shock syndrome, perfusion pressure usually 
does not meet the metabolic needs of the vital 
organs. When volume replacement fails to reverse 
- this process, additional therapy must be initiated 
to increase cardiac output and blood pressure 
and to increase blood flow to vital organs. 
Intropin (dopamine HC!) is the only drug that 
both increases cardiac output and blood pressure 
while specifically redirecting the blood flow. 


Maintains kidney function 


The unique ability of Intropin to act on the 
“dopaminergic” receptors in the mesenteric and 
renal vasculature causes vasodilation in these 
beds and leads to increased renal blood flow, 
glomerular filtration rate and urine output. At low 
dose levels (less than 5 mcg/kg/min), when 

cardiac stimulation is not usually observed, these 
increases are independent of increased cardiac 
output. 


In comparison, norepinephrine causes vasocon- 
striction in these beds, further compromising vital 
organ function.' Isoproterenol causes generalized 
systemic vasodilation (thereby requiring greater 
„cardiac output to increase vital organ perfusion) 
and does not increase the renal fraction of the 
increased cardiac output.? 


Increases cardiac output 


At higher doses (above 5 mcg/kg/min), Intropin 
begins to increase myocardial contractility, 
stroke volume and cardiac output by direct 
positive inotropic effect while maintaining much 
of the unique dopaminergic effect. In certain 
patients such as refractory congestive failure 
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patients, the increase in cardiac output may be 
seen at doses of less than 5 mcg/kg/min. 


Norepinephrine, on the other hand, has a similar 
inotropic effect, but the expected increase in 
cardiac output is often diminished due to the 
increased systemic vascular resistance (afterload) 
resulting from norepinephrine’s alpha adrenergic 
activity. Isoproterenol increases cardiac output 

in part through a chronotropic effect.? Its use 
results in a greater increase in myocardial 
oxygen consumption than does the inotropic | 
effect of Intropin. It also results in a greater poten- 
tial for arrhythmias.? The increased cardiac 
output obtained with isoproterenol is delivered 

to the total systemic vasculature due to general 
vasodilation while the selective vasodilation of 
Intropin directs more blood supply to the areas in 
need of vital perfusion. 


Increases blood pressure 


Intropin doses of over 20 mcg/kg/min will usually 
result in an alpha adrenergic (vasoconstriction) 
response in the peripheral vasculature. This 
usually raises the pressure and also redirects 
blood flow through the vasodilated vasculature of 
the renal and mesenteric beds. Thus, Intropin can 
increase blood pressure through an inotropic 
cardiac response or at doses above 20 mcg/kg/ 
min through an additional peripheral 
vasculature response. 


References: 

l. Rosenblum, R., Am. Heart J., 87:527-530, 1974. 
2. Goldberg, L.I., N.E.J. of Med., 291:707-710, 1974. 
3. Harrison, D.C., Am. J. of Card., 35:656-659, 1975. 
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oO ó fe ee catecholamine precursor of norepinephrine. The chemical structure is: 
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P egi NO, HCI 
E Stn hydrochloride i is a white, odorless crystalline powder, freely soluble in water and soluble in 
alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 

d - Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of dopamine hydrochloride 

L M equivalent to 32.96 mg. of dopamine base) in Water for Injection, USP, containing 1% sodium bisulfite 
. asa preservative. — 

NS: INTROPIN exerts an inotropic effect on the myocardium resulting in an increased cardiac 
. INTROPIN produces less increase in myocardial oxygen consumption than isoproterenol and 

Se is isualy not associated \ a tachyarrhythmia. Clinical studies indicate that INTROPIN usually 
creases Systolic and pulse pressure with either no effect or a slight increase in diastolic pressure. 
ripheral resistance at low and intermediate therapeutic doses is usually unchanged. Blood flow 

3! vascular beds decrease while mesenteric flow increases. INTROPIN has also been 
to dite the renal vasculature presumptively by activation of a “dopaminergic” receptor. This 
panied by increases in glomerular filtration rate, renal blood flow, and sodium excretion. 


mola it ofthe urine 
d : INTROPIN is indicated for the PANE: of hemodynamic imbalances te in the 
hock syndrome due to n myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal 
"NA tallore; i chronic cardiac decompensation as in congestive failure. 

i^ Nhere appropriate, restoration of blood volume with a suitable plasma expander or whole blood 


a enti prior to administration of INTROPIN. 
T : sun to respond adequately to INTROPIN are those in whom physiological parameters, 
SI as | rit 


INDICATIO 
^ : 


ge fw. myocardial function, and blood pressure, have not undergone profound deteriora- 
trials indicate that the shorter the time interval between onset of signs and symptoms 
of therapy with volume correction and INTROPIN, the better the prognosis. 


si n of Vital € Organs — Urine flow appears to be one of the better diagnostic signs by which 
\ ital organ pertusion can be monitored. Nevertheless, the physician should also observe 
atient for signs of reversal of confusion or comatose condition. Loss of pallor, increase in toe 
perature, and/or adequacy of nail bed capillary filling may also be used as indices of adequate 
e. Clir studies. have shown that when INTROPIN is administered before urine flow has di- 
to ) levels approximately 0.3 ml./minute, prognosis is more favorable. Nevertheless, in a num- 
c or anuric patients, administration of INTROPIN has resulted in an increase in urine flow 
cases reached normal levels. INTROPIN may also increase urine flow in patients whose 
“normal limits and thus may be of value in reducing the degree of pre-existing fluid 
ation. It should be noted that at doses above those optimal for the individual patient, urine 
d jo pA necessitating reduction of dosage. Concurrent administration of INTROPIN and 
sretic agents may produce an additive or potentiating effect. 
ju — Increased cardiac output is related to INTROPIN's direct inotropic effect on the 
0C ased cardiac output at low or moderate doses appears to be related to a favorable 
rognosis. | in cardiac output has been associated with either static or decreased systemic. 
2 a E unes (SVR). Static or decreased SVR associated with low or moderate increments in 
jut is beli | to be a reflection of differential effects on specific vascular beds with increased 
peripheral beds (e.g. femoral) and concomitant decreases in mesenteric and renal vas- 
Ne 5. Redistribution ‘of blood flow parallels these changes so that an increase in cardiac output 
Js accompanied by an increase in mesenteric and renal blood flow. In many instances the renal fraction 
of the tal cardiac output has been found to increase. Increase in cardiac output produced by INTROPIN 
zs m ta "o ated wereubstavi decreases 1 in systemic vascular resistance as may occur with isopro- 
«5 E: ra - ihalo; due to inadequate cardiac output can be managed by administration of low 
0 mod ses of INTROPIN, which have little effect on SVR. At high therapeutic doses, INTROPIN's 
ergi petit becomes more prominent and thus may correct hypotension due to dimin- 
case of other circulatory decompensation states, prognosis is better in patients 
rae urine flow have not undergone profound deterioration. Therefore, it is sug- 
he physician administer INTROPIN as soon as a definite trend toward decreased systolic 
? becomes evident. 


TRAINDICATIK NS: INTROPIN should not be used in patients with pheochromocytoma. 
| UT should not be administered in Pas presence of uncorrected Hehe 


| | ian id it monamine pore (MAO) inhibitors prior to the administration 

will ially reduced dosage. Dopamine is metabolized by MAO, and inhibi- 

; enzym ‘prolongs and poten ttiates the effect of INTROPIN. The starting dose in such patients 
ged to at easton eth ane tenth (1710) of the usual dose. - 

gnancy — Animal studies have revealed no evidence of teratogenic effects from INTROPIN. 

istration VO INTROPIN to pregnant rats resulted in a decreased survival rate of the 

Dorn and a potential for cataract formation in the survivors. The drug may be used in pregnant 
when in the judgment of the Pjsican, the expected benefits outweigh the potential risk to 


. Usage i then Me safety and efficacy of this drug in children has not been established. INTROPIN 
eae: s been used in a limited number of pediatric patients, but such use has been inadequate to fully define 
NK proper dosage and limitations for use. Further studies are in progress. 
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ni i 
T rected, if possible, with either whole blood or plasma as indicated. 


in vin the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate should be de- 
d and the patient observed carefully for further evidence of bitoni vasoconstrictor activity: 
ine such an effect is desired. 
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| sibility Wt SSUE ate te ! 
sloughing of surrounding tissue. ‘Large veins 1 ‘the antecubital 
sum of the hand or ankle. Less suitable. infusion sites should. be used only if the patient's. condition - 
requires immediate attention. The physician should switch to more suitable sites as Tapes as possibles; 
The infusion site should be continuously monitored for free flow. 


Occlusive Vascular Disease—Patients with a history of occlusive vascular disease (for sime. 
` atherosclerosis. arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and Buerger's. 
... disease) should be closely monitored for any changes in color or temperature of the skin in the extrem- 

ities. If a change in skin color or temperature occurs and is thought to be the result of compromised, 
circulation to the extremities, the benefits of continued INTROPIN infusion should be weighed against 
‘the risk of possible necrosis. This condition may be reversed by either decreasing or discontinuing 
the rate of infusion. 


IPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamine nyproetiodd, a naturally- y 


Mol. Wt. 189.65 - 


ica output. produced by dopamine is usually not associated with a decrease in | 


UTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN, hypovolemia should be fully - 


Pulse Pressure — If a disproportionate rise in. the diastolic pressure (i.e. a marked decrease. 


ation into tissi Qe ead X. 


| fossa are preferred to veins in the dor: e 


IMPORTANT —Antidote for Peripheral Ischemia: To PEEN and necrosis in ischemic 
areas, the area should be infiltrated as soon as possible with 10 to 15 ml. of Saline solution 
containing from 5 to 10 mg. of Regitine* (brand of phentolamine), an adrenergic blocking — 
agent. A syringe with a fine hypodermic needle should be used, and the solution liberally 


infiltrated throughout the ischemic area. Sympathetic blockade with phentolamine causes | 
immediate and conspicuous local hyperemic changes if the area is infiltrated within 12 hours. 
Therefore, phentolamine should be given as soon as possible after the extravasation is noted. 





Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Cyclopropane or halogenated hydro- 
carbon anesthetics increase cardiac autonomic irritability and therefore may sensitize the myocardium 

to the action of certain intravenously administered catecholamines. This interaction appears to be re- 
lated both to pressor activity and to beta adrenergic stimulating properties of these catecholamines. 
Therefore, as with certain other catecholamines, and because of the theoretical arrhythmogenic 
potential, INTROPIN should be used with EXTREME CAUTION in patients inhaling cyclopropane; or 
halogenated hydrocarbon anesthetics. 

Careful Monitoring Required — Close monitoring of the following indices — urine flow, cardiac E - ; 
and blood pressure — during INTROPIN infusion is necessary as in the case of any adrenergic agent. E 
ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of INTROPIN - 
included ectopic beats, nausea, vomiting, tachycardia, anginal pain, palpitation, dyspnea, headache, 
hypotension, and vasoconstriction. Other adverse reactions which have been reported infrequently - 
were aberrant conduction, bradycardia, piloerection, widened QRS complex, azotemia, and west 
blood pressure. 

DOSAGE AND ADMINISTRATION: Fam 
WARNING: This is a potent drug: It must be diluted before administration to patient. RAE 
Suggested Dilution—Transfer contents of one ampul (5 ml. containing 200 mg. INTROPIN) by aseptic. 
technique to either a 250 ml. or 500 ml. bottle of one of the following sterile intravenous solutions: 

1) Sodium Chloride Injection, USP 5) Dextrose (5%) in Lactated Ringer's 


` 2) Dextrose 5% Injection, USP Solution 
3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) - 
(0.9%) Injection, USP Injection, USP 


4) 5% Dextrosein 0.45% Sodium 7) Lactated Ringer's Injection, USP 


Chloride Solution 


These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
500 ml. dilution contains 400 mcg./ml. of INTROPIN 
INTROPIN has been found to be stable for a minimum of 24 hours after dilution in the sterile intra- 
venous solutions listed above. However, as with all intravenous admixtures, dilution should be met 
just prior to administration. 
Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous solutions, T 
since the drug is inactivated in alkaline solution. 


Rate of Administration — INTROPIN, after dilution, is administered intravenously through a itai 
intravenous catheter or needle. An i.v. drip chamber or other suitable metering device is essential for 
controlling the rate of flow in drops/minute. Each patient must be individually titrated to the desired — 
hemodynamic and/or renal response with INTROPIN. In titrating to the desired increase in systolic- 
blood pressure, the optimum dosage rate for renal response may be exceeded, thus necessitating a 
reduction in rate after the hemodynamic condition is stabilized.. : 
Administration at rates greater than 50 mcg./kg./min. have safely been used in advanced Srculfolyi : 
decompensation states. If unnecessary fluid expansion is of concern, adjustment of drug concentration 
may be preferred over increasing the flow rate of a less concentrated dilution. y" 


Suggested Regimen: 

1. When appropriate, increase blood volume with whole blood or plasma until central venous pressure a 
: 10 to 15 cm H30 or pulmonary wedge pressure is 14-18 mm Hg. 
2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute INTROPIN in pouon 

who are likely to respond to modest increments of heart force and renal perfusion. 

In more seriously ill patients, begin administration of diluted solution at doses of 5 mcg./kg. [minute 
INTROPIN and increase gradually using 5 to 10 mcg./kg./minute increments up to 20 to 50 mcg. Ikg./ 
minute as needed. If doses of INTROPIN in excess of 50 mcg./kg./minute are required, it is suggested 
that urine output be checked frequently. Should urine flow begin to decrease in the absence of hypo- 
tension, reduction of INTROPIN dosage should be considered. Multiclinic trials have shown that more 
than 50% of the patients were satisfactorily maintained on doses of INTROPIN less than 20 mcg./kg./. 
minute. In patients who do not respond to these doses with adequate arterial pressures or urine flow, 
additional increments of INTROPIN may be employed in an effort to produce an appropriate arterial 
pressure and central perfusion. _ 

3. Treatment of all patients requires constant evaluation of therapy in terms of the blood volume, aug- 
mentation of myocardial contractility, and distribution of peripheral perfusion. Dosage of INTROPIN — 
should be adjusted according to the patient's response, with particular attention to diminution of estab- 
lished urine flow rate, increasing tachycardia or development of new dysrhythmias as indices for de- 
creasing or temporarily suspending the dosage. 4 
4. As with all potent intravenously administered drugs, care should be taken to control. the rite ot 
administration so as to avoid inadvertent administration of a bolus of drug. | 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure elevation, 
reduce rate of administration or temporarily discontinue INTROPIN until patient's condition stabilizes. - 
ues INTROPIN's curation of action is quite short, no additional remedial measures are usually neces- 

. If these measures fail to stabilize the patient's condition, use of the Pur acting alpha adrenergic 
blocking agent, phentolamine, should be considered. = 


HOW SUPPLIED: 5 mi. rica containing 40 mg. dopamine H Hel pet (nr, - September, 1975. 
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That's why physicians, clinics, and hos- 
pitals throughout the country prefer our 
Holter scanning services and have made 
us the world's largest scanning center. 
They know that only CARDIO-DYNAMICS 
offers them a spectrum of Holter 
analyses at economical prices, for both 
Dyna-Gram® cassettes and Avionics 
reels, both 12-hour and 24-hour tapes. 


Find out how CARDIO-DYNAMICS can 
improve your Holter program. For further 
information, please contact: 


| li cardio:DyYnNaAmMmIcs 


| 
AULA 
| Cardio-Dynamics Laboratories 
| ll 12401 West Olympic Blvd. 


Los Angeles, California 90064 
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A reputable computer 


puts its conditions 





You're looking at the only cardiac output 
computer that offers both automatic body/injectate 
temperature sensing and visual status 
reporting (VSR). ee 

Automatic sensing improves efficiency 
through eliminating manual temperature taking. 

VSR keeps you informed of the computer’s 
functions by displaying the status of the computer. 

For example, it lets you know if the com- 
puter circuit is functioning properly; or it indicates 
if there’s a problem in the computer or thermistor 
circuitry. 

It also alerts you when it’s ready to calcu- 
late, if battery recharging is needed, and gives you 
results of the self-test cycle. 

A third generation instrument, our Model 
9520 is simple to use, fully portable, and operates 
with iced or room temperature injectate. Further- 
more, it’s directly compatible with our new 
SWAN-GANZ® Thermodilution Catheter. 


in writing. 


And if you want the thermal curves in 
writing, our new Model 9810 battery-powered and 
inkless recorder, which fits neatly under the 
computer’s case, is plug-in connectable. 

At Edwards Laboratories, we believe the 
computer should put its conditions in writing. But 
obviously, the patient’s condition should always 
remain the major concern. 

For our new fact-filled brochure, please 
phone or write: Edwards Laboratories, Division of 
American Hospital Supply Corp., 17221 Red Hill 
Avenue, P.O. Box 11150, Santa Ana, CA 92711, 
714/557-8910. 


SWAN-GANZ? is a registered trademark, Edwards Laboratories 
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CARDIOQUIN 


TABLETS zx 


(quinidine polygalacturonate) 


O Greater GI tolerance | 
oO Full quinidine cardiodynamics 
O Convenient B.1.D. or T.I.D. 

dosage for most patients 
CARDIOQUIN Tablets (quinidine polygalacturonate) are 
indicated in the treatment of a broad range of cardiac 
arrhythmias (see Brief Summary). After conversion to 


normal sinus rhythm—whether with CARDIOQUIN 
Tablets or electroconversion—only low b.i.d. or t.i.d. 


dosage of this unique polygalacturonate salt of quinidine 


is required for maintenance in most cases. 

Well-tolerated, CARDIOQUIN Tablets are particularly 
suited for maintenance therapy, since the polygalactu- 
ronic acid serves as a buffering moiety. It protects the 
mucosa of the stomach and permits dependable absorp- 
tion of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Prac- 
tice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by 1^ to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 50. 
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Ischemic Contracture of the Myocardium 


Predictors of Operative Risk for Patients With 
Unstable Angina 


Volume Indexes 
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to lower without compromisit 


blood pressure existing 


effectively... cardiac output 


SUM 
hypertension 


~ TABLETS: 250 mg, 500 mg, and 125 mg 


ALDOMET 





(METHYLDOPA| MSD) 


helps lower 
blood pressure 
effectively... 
usually with no 
direct effect on 
cardiac function— 
cardiac output is 
usually maintained 


ALDOMET is contraindicated in active hepatic disease, hypersensitivity 
to the drug, and if previous methyldopa therapy has been associated 
with liver disorders. 


It is important to recognize that a positive Coombs test, hemolytic 
anemia, and liver disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver disorders could lead 


to potentially fatal complications unless properly recog- MSD 
nized and managed. For more details see the brief sum- VAR 
mary of prescribing information. i 


For a brief summary of prescribing information, please see following page. 





Some other 
characteristics 

of ALDOMET 
(Methyldopa, MSD) 
for your 
consideration 


ALDOMET usually lowers 
blood pressure and: 


* Usually does not com- 
promise existing renal 
function 

e Infrequently causes symp- 
tomatic postural 
hypotension 


e Normalor elevated plasma 
renin activity may 
decrease during the 
course of therapy 

* Usually is well tolerated. 
Sedation, usually tran- 
sient, may occur during 
the initial period of 
therapy or whenever the 
dose is increased. Head- 
ache, asthenia, or weak- 
ness may be noted as 
early and transient 
symptoms. However, 
significant adverse effects 
due to ALDOMET have 
been infrequent. (See 


. brief summary for a com- 


plete listing of adverse 
reactions.) 

ALDOMET is useful in all 
degrees of hypertension 
and offers dosage flexi- 
bility with three tablet 
strengths—the 

standard 250 mg, 

the convenient 500 mg, 
and the 125 mg. 
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Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis; if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and 
liver disorders may occur with methyldopa 
therapy The rare occurrences of hemolytic 
anemia or liver disorders could lead to poten- 
tially fatal complications unless properly recog- 
nized and managed. Read this section carefully 
to understand these reactions. 

With prolonged methyldopa therapy, 10% to 20% of 
patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal com- 
plications. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
direct Coombs test is not in itself a contraindication 
to use of methyldopa. If a positive Coombs test 
develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For exam- 
ple, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 
At the start of methyldopa therapy, it is desirable to 
do a blood count (hematocrit, hemoglobin, or red 
cell count) for a baseline or to establish whether 
there is anemia. Periodic blood counts should be 
done during therapy to detect hemolytic anemia. It 
may be useful to do a direct Coombs test before 
therapy and at 6 and 12 months after the start of 
therapy. If Coombs-positive hemolytic anemia oc- 
curs, the cause may be methyldopa and the drug 
should be discontinued. Usually the anemia remits 
promptly. If not, corticosteroids may be given and 
other causes of anemia should be considered. If the 


hemolytic anemia is related to methyldopa, the drug 


should not be reinstituted. When methyldopa causes 
Coombs positivity alone or with hemolytic anemia, 
the red cell is usually coated with gamma globulin of 
the IgG (gamma G) class only. The positive Coombs 
test may not revert to normal until weeks to months 
after methyldopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 


in hypertension 





(METHYLDOPA|MSD) 


helps lower 

blood pressure 
effectively... 

usually with no 
direct effect on 
cardiac function- 
cardiac output is 
usually maintained 


cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 
match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
sometimes with eosinophilia or abnormalities in liver 
function tests, such as serum alkaline phosphatase, 
serum transaminases (SGOT, SGPT), bilirubin, ceph- 
alin cholesterol flocculation, prothrombin time, and 
bromsulphalein retention. Jaundice, with or without 
fever, may occur, with onset usually in the first 2 to 
3 months of therapy. In some patients the findings 
are consistent with those of cholestasis. Rarely fatal 
hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions; 
periodic determination of hepatic function should be 
done particularly during the first 6 to 12 weeks of 
therapy or whenever an unexplained fever occurs. If 
fever and abnormalities in liver function tests or 
jaundice appear, stop therapy with methyldopa. If 
caused by methyldopa, the temperature and abnor- 
malities in liver function characteristically have 
reverted to normal when the drug was discontinued. 
Methyldopa should not be reinstituted in such pa- 
tients. 

Rarely, a reversible reduction of the white blood cell 
count with primary effect on granulocytes has been 
seen. Reversible thrombocytopenia has occurred 
rarely. When used with other antihypertensive drugs, 
potentiation of antihypertensive effect may occur. 
Patients should be followed carefully to detect side 
reactions or unusual manifestations of drug idio- 
syncrasy. 

Use in Pregnancy: Use of any drug in women who 
are or may become pregnant requires that antici- 
pated benefits be weighed against possible risks; 
possibility of fetal injury can not be excluded. 
Precautions: Should be used with caution in pa- 
tients with history of previous liver disease or dys- 
function (see Warnings). May interfere with 
measurement of uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. Since methyl- 
dopa causes fluorescence in urine samples at the 
same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochro- 
mocytoma. It is important to recognize this 
phenomenon before a patient with a possible pheo- 
chromocytoma is subjected to surgery. Methyldopa 
is not recommended for patients with pheochromo- 
cytoma. Urine exposed to air after voiding may 
darken because of breakdown of methyldopa or its 
metabolites. 
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ALDOMET 


Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 
lar disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Centra/ nervous system: 
Sedation, headache, asthenia or weakness, usually 
early and transient; dizziness, lightheadedness, 
symptoms of cerebrovascular insufficiency, 
paresthesias, parkinsonism, Bell's palsy, decreased 
mental acuity, involuntary choreoathetotic move- 
ments; psychic disturbances, including nightmares 
and reversible mild psychoses or depression. 
Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved 
by use of a diuretic. (Discontinue methyldopa if 
edema progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, sore 
or "black" tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic 
anemia. Leukopenia, granulocytopenia, throm- 
bocytopenia. 

Allergic: Drug-related fever, myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, decreased 
libido, dermatologic reactions including eczema and 
lichenoid eruptions, mild arthralgia, myalgia. 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third month of therapy; in- 
creased dosage or adding a thiazide frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. Syn- 
cope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease; this may be avoided by lower doses. 
How Supplied: Tablets, containing 125 mg 
methyldopa each, in bottles of 100; Tablets, contain- 
ing 250mg methyldopa each, in single-unit 
packages of 100 and bottles of 100 and 1000; 
Tablets, containing 500 mg methyldopa each, in 
single-unit packages of 100 and bottles of 100. 
For more detailed information, consult your MSD 
representative or see full prescribing informa- 
tion. Merck Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 J2634R1( 707) 
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Quinaglute maintains normal sinus rhythm 
with a convenient 8 or 12 hour dosage schedule. 


The convenient dosage schedule of 1 to 2 tablets every 8 or 12 
hours can mean improved compliance in patients who tend to 


—. forget or skip medication requiring more frequent administration. 


In addition, QUINAGLUTE* Dura-Tabs* provide the following 


l advantages: 
t . * Special wax matrix permits gradual release of quinidine glu- 


conate to maintain quinidine plasma levels for 8 to 12 hours 


e Convenient 8 or 12 hour dosage schedule helps avoid middle- 
of-the-night dosage and early morning reversion 


e Proionged control without peaks and valleys in plasma levels 


e Well-tolerated, with few gastrointestinal disturbances to inter- 
fere with patient cooperation and compliance 
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When a medication is to be taken twice a day, an easy way for 
the patient to remember whether or not he took his dose is for 
him to turn the bottle upside down after the first dose and right 
side up after the second dose. Please forward your compli- 
ance tip to Cooper Laboratories, 300 Fairfield Road, Wayne, 
| NJ 07470, Att: Mr. W. F. Cronin 
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Indications: 

Premature atrial and ventricular contractions. Paroxysmal 
atrial tachycardia. Paroxysmal A-V junctional rhythm. Atrial 
flutter. Paroxysmal atrial fibrillation. Established atrial 
fibrillation when therapy is appropriate. Paroxysmal ven- 
tricular tachycardia when not associated with complete 
heart block. Maintenance therapy after electrical conversion 
of atrial fibrillation and/or flutter. 

NOTE: Depending upon the response desired, the dosage 
may need to be varied and the blood level and/or electro- 
cardiographic response closely monitored during initial 
treatment. 


Contraindications: Aberrant impulses and abnormal 
rhythms due to escape mechanisms should not be treated 
with quinidine. 

Partial A-V or complete heart block, or intraventricular 
conduction defects, especially those exhibiting a marked 
grade of QRS widening. Renal disease resulting in signifi- 
cant azotemia, or those developing cardiotoxic effects 
such as conduction defects; ventricular premature beats, 
ventricular tachycardia or flutter while on the drug. Marked 
cardiac enlargement, particularly with congestive failure, 
poor renal function, and especially renal tubular acidosis. 
Idiosyncrasy or hypersensitivity to quinidine. 


Warnings: In the treatment of atrial flutter, reversion to 
sinus rhythm may be preceded by a progressive reduction 
in the degree of A-V block to a 1:1 ratio resulting in an 
extremely rapid ventricular rate. 


Precautions: The precautions to be observed include all 
those applicable to quinidine. A preliminary test dose of 
a single tablet of quinidine sulfate should be administered 
to determine if the patient has an idiosyncrasy to quinidine. 
Hypersensitivity to quinidine, although rare, should con- 
stantly be considered, especially during the first weeks of 
therapy. 

Quinidine in large doses may reduce the contractile 
force of the heart; therefore, extreme caution should be 
exercised in using the drug in patients with severe heart 
disease, hypotension or digitalis intoxication. 

It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, 
electrocardiographic monitoring, and possibly plasma 
quinidine levels, is indicated when large doses are used, 
or with patients who present an increased risk. 


Adverse Reactions: Cinchonism, tinnitus, decreased audi- 
tory acuity, vertigo, headache, blurred vision, color percep- 
tion disturbances, photophobia, diplopia, night blindness, 
scotomata, reduced visual fields, mydriasis, hypotension, 
respiratory distress, and gastrointestinal disturbances. 
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When choosing a diuretic 
for day-1 n- day- out 
ertension control with 





comfortable compliance... 


The agent you choose in mild to moderate 
essential hypertension should offer (1) long-term 
effectiveness, (2) patient comfort and compliance. 


Zaroxolyn offers both. 


In one long-term study! Zaroxolyn brought 
moderately elevated (average 161/109 mm Hg) 
blood pressure down to the range of normo- 
tension—and held it there for a year or more. 


The investigator noted, "Patient cooperation was 
surprisingly good for a study of such duration 
[27^ years]. The once-daily dosage schedule with 


metolazone [Zaroxolyn] no doubt contributed to 
patient compliance? 


Overall compliance with Zaroxolyn is good — 


very good. An analysis of controlled clinical 


studies involving 188 Zaroxolyn patients showed 
that only eight discontinued therapy because of 
side effects. That's a discontinuation rate of only 
4.3%, and broader clinical experience appears to 
substantiate this low rate? 


Zaroxolyn. For long-term control and comfortable 
compliance in mild to moderate hypertension. 


Recommended initial dosage in mild to moderate essential hypertension-2!2 to 5 mg once daily 
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metolazone, Pennwalt 


2'^-mg, 5-mg and 10-mg tablets 


once -daily anti hyp ertensive diuretic 


Before prescribing, see complete prescribing 
information in the package insert, or in PDR, or 
available from your Pennwalt representative. The 
following is a brief summary. Indications: 
Zaroxolyn (metolazone) is an antihypertensive 
diuretic indicated for the management of mild to 
moderate essential hypertension as sole thera- 
peutic agent and in the more severe forms of 
hypertension in conjunction with other anti- 
hypertensive agents. Also, edema associated with 
heart failure and renal disease. Contraindications: 
Anuria, hepatic coma or precoma; allergy or 
sensitivity to Zaroxolyn. Or, as a routine in other- 
wise healthy pregnant women. Warnings: In 
theory cross-allergy may occur in patients 
allergic to sulfonamide-derived drugs, thiazides 
or quinethazone. Hypokalemia may occur, and is 
a particular hazard in digitalized patients; 
dangerous or fatal arrhythmias may occur. 
Azotemia and hyperuricemia may be noted or 
precipitated. Considerable potentiation may 
occur when given concurrently with furosemide. 
When used concurrently with other antihyper- 
tensives, the dosage of the other agents should 
be reduced. Use with potassium-sparing diuretics 
may cause potassium retention and hyper- 
kalemia. Administration to women of childbearing 


age requires that potential benefits be weighed 
against possible hazards to the fetus. Zaroxolyn 
appears in the breast milk. Not for pediatric use. 
Precautions: Perform periodic examination of 
serum electrolytes, BUN, uric acid, and glucose. 
Observe patients for signs of fluid or electrolyte 
imbalance. These determinations are particularly 
important when there is excessive vomiting or 
diarrhea, or when parenteral fluids are admin- 
istered. Patients treated with diuretics or corti- 
costeroids are susceptible to potassium deple- 
tion. Caution should be observed when adminis- 
tering to patients with gout or hyperuricemia or 
those with severely impaired renal function. 
Hyperglycemia and glycosuria may occur in 
latent diabetes. Chloride deficit and hypo- 
chloremic alkalosis may occur. Orthostatic 
hypotension may occur. Dilutional hyponatremia 
may occur in edematous patients in hot weather. 
Adverse Reactions: Constipation, nausea, 
vomiting, anorexia, diarrhea, bloating, epigastric 
distress, intrahepatic cholestatic jaundice, 
hepatitis, syncope, dizziness, drowsiness, vertigo, 
headache, orthostatic hypotension, excessive 
volume depletion, hemoconcentration, venous 
thrombosis, palpitation, chest pain, leukopenia, 
urticaria, other skin rashes, dryness of mouth, 


hypokalemia, hyponatremia, hypochloremia, 
hypochloremic alkalosis, hyperuricemia, hyper- 
glycemia, glycosuria, raised BUN or creatinine, 
fatigue, muscle cramps or spasm, weakness, 
restlessness, chills, and acute gouty attacks. 
Usual Initial Once-Daily Dosages: mild to 
moderate essential hypertension —2'5 to 5 mg; 
edema of cardiac failure—5 to 10 mg; edema of 
renal disease—5 to 20 mg. Dosage adjustment 
may be necessary during the course of therapy. 
How Supplied: Tablets, 2%, 5 and 10 mg. 


References: 

1. Dornfeld L, Kane R: Metolazone in essential 
hypertension. The long-term clinical efficacy of 
a new diuretic. Curr Ther Res 18: 527-533, 1975. 

2. Data on file, Medical Department, Pennwait 
Prescription Products. 
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-. 939 Preoperative Predictors of Operative Mortality for Coronary Bypass Grafting in Patients 
With Unstable Angina Pectoris 


JOHN C. WILES, RENE A. LANGOU, PETER N. PEDUZZI, GRAEME L. HAMMOND and 
LAWRENCE S. COHEN 


The overall operative mortality rate in 124 consecutive patients undergoing coronary by- 
pass surgery for unstable angina pectoris was 4.8 percent. Factors significantly increasing 
the operative mortality were failure of in-hospital maximal medical therapy (8.5 percent), 
hypertension (13.5 percent) and triple vessel coronary artery disease (7.8 percent). Combi- 
nations of two and three risk factors predicted more accurately the outcome of surgery in 
individual patients. The combination of failure of in-hospital medical therapy, hypertension 
and triple vessel disease was associated with a 41 percent operative mortality rate. Pa- 
tients with unstable angina who had symptomatic improvement with maximal medical ther- 
apy in the coronary care unit had a low operative mortality rate. 


E 944 Postextrasystolic Potentiation as a Predictor of Potential Myocardial Viability: Preoperative 
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Analyses Compared With Studies After Coronary Bypass Surgery 


KENNETH A. POPIO, RICHARD GORLIN, DAVID BECHTEL and JAY A. LEVINE 


These studies suggest that postextrasystolic potentiation is a useful predictor of the ability 
of the asynergic myocardium to respond to successful revascularization surgery. Of the 7 
patients whose ejection fraction was improved postoperatively, 6 had shown postextrasys- 
tolic potentiation compared with only 10 of the 24 patients without such improvement. Re- 
gional wall motion analysis showed a significant association between postextrasystolic po- 
tentiation and postoperative improvement in wall motion, as well as reduction of mortality. 
Of 18 patients with an abnormal preoperative normal sinus beat ejection fraction, 9 exhib- 
ited postextrasystolic potentiation and 9 did not. Five of the nine without postextrasystolic 
potentiation died compared with only two of the nine with such potentiation. 


954 Chronic Stable Inferior Myocardial Infarction: Unsuspected Harbinger of High-Risk 
Proximal Left Coronary Arterial Obstruction Amenable to Surgical Revascularization 


RICHARD R. MILLER, ANTHONY N. DeMARIA, LOUIS A. VISMARA, ANTONE F. SALEL, 
KEVIN S. MAXWELL, EZRA A. AMSTERDAM and DEAN T. MASON 


Coronary arteriography in 84 patients with previous uncomplicated isolated inferior wall 
myocardial infarction revealed that 20 percent had one vessel stenosis, 35 percent had 


VOLUME 39 
NUMBER 7 


PD) (Our 'yiim 


...during episodes of emotional stress 


SUMMARY OF PRESCRIBING INFORMATION (isosorbide dinitrate) may be taken for prompt relief of angina pain three or 


Sneons: Based on a review of this drug by The National Academy four times daily. Although the onset and duration of effect of coronary 
OF Selénces National Research Council and/or ‘other information. nitrates may vary, following is the generally reported range of these values 
FDA has classified the indications as follows for CHEWABLE SORBITRATE 

Probably’ effective: The chewable dosage form of SORBITRATE Onset of Eftect: Two to five minutes 
is indicated for the treatment of acute anginal attacks and for prophy- Duration of Effect; One to two hours 
laxis in situations likely to provoke such attacks 


Final classifications of the less-than-effective indications requires 
further investigation. 
Contraindications: A history of sensitivity to the drug 
Warnings: Data supporting the use of nitrates during the early days of the K 0 R A F 
acute phase of myocardial infarction are insufficient to establish safety 
Precautions: Tolerance and cross tolerance to other nitrates may occur (R) 5 mg. 


Adverse Reactions: Headache which may be severe and persistent. Low- 


ering the dose and using analgesics will help control the headaches which ( Yee] 9454/3) = DINITRATE ) 


usually diminish or disappear as therapy is continued. 
Adversereactions seen occasionally: Cutaneous vasodilation with flush- 

ing; transient dizziness and weakness as well as other signs of cerebral UP TO 2 HOU RS OF 

ischemia associated with postural hypotension; individual marked sensi- 

tivity to the hypotensive effects of nitrates wherein severe responses can ANGI NA PROTECTION 

occur even with the usual therapeutic dose (alcohol may enhance this hd 

effect); drug rash and/or exfoliative dermatitis. N D ANY 
Thisdrugcan actas a physiological antagonist to norepinephrine, acetyl- AT M EALTIME...A 


choline, histamine and other agents. 

Dosage and Administration: /ndividual Dose: To minimize hypotensive re- OTHER TIME OF STRESS 
sponses, which may occasionally be severe with chewable doses as low T 
as 5 mg., the smallest effective dose should be employed. Chewable tab- 

lets are generally given in doses of 5mg 


Dosage Schedule: Smallest effective dose necessary for the prevention STUART PHARMACEUTICALS | Wilmington, DE 19897 
and treatment of pain of an angina attack. CHEWABLE SORBITRATE Division of ICI United States Inc. 
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two vessel stenosis and 45 percent had three vessel stenosis. Although the presence of 
multiple coronary risk factors, particularly with a positive stress test, predicted multivessel 
stenosis, lack of risk factors and a negative exercise test were nonspecific. The presence 
of chronic inferior myocardial infarction provides a clinically useful, sensitive index of high 
risk coronary arterial stenosis, because of the large prevalence of serious left coronary ar- 
tery disease. Surgical treatment of these patients proved superior to medical treatment 
with respect to severity of angina pectoris and mortality rate. It is logical therefore to define 
the coronary arterial pathoanatomy with angiography to provide a more accurate prognosis 
in the majority of patients with inferior myocardial infarction. 


961 Relation of Heart Block and Left Ventricular Dysfunction in Acute Myocardial Infarction 


THEODORE L. BIDDLE, DENNIS A. EHRICH, PAUL N. YU and MORRISON HODGES 


In 201 patients with acute transmural myocardial infarction, right bundle branch block oc- 
curred in 17, left bundle branch block in 7, left anterior or posterior hemiblock in 8 and 
complete heart block in 9 of 92 patients with inferior myocardial infarction and in 6 of 109 
with anterior infarction. Significant hemodynamic changes were recorded before the com- 
plete heart block in patients with anterior infarction but not in the others. Such profound he- 
modynamic derangement in patients with anterior infarction and complete heart block is 
probably the result of more extensive myocardial necrosis. Complete heart block after dia- 
phragmatic infarction and the occurrence of right bundle branch block and hemiblock 
which are not associated with significant hemodynamic changes, are unrelated to the ex- 
tent of left ventricular dysfunction. This investigation suggests that complete heart block 
or left bundle branch block in patients with anterior infarction heralds extensive myocardial 
necrosis manifested by significant left ventricular dysfunction. 


967 Electrocardiographic Left Atrial Enlargement. Electrophysiologic, Echocardiographic and 
Hemodynamic Correlates 


MARK E. JOSEPHSON, JOHN A. KASTOR and JOEL MORGANROTH 


This study clearly demonstrates that the classic electrocardiographic pattern of left atrial 
enlargement (a broad notched P wave in lead II and a deep broad negative terminal force 
in lead V1) represents an interatrial conduction defect produced by a variety of factors not 
necessarily causing an enlarged left atrium. An enlarged left atrium correlated with electro- 
cardiographic left atrial enlargement only in patients with rheumatic mitral valve disease. 
There was no relation between the surface electrocardiographic pattern of left atrial en- 
largement with volume or pressure overload of the left atrium in 40 consecutive patients 
with elevated left ventricular filling pressures in the absence of mitral valve disease. In- 
creased left atrial pressure seemed to correlate with the electrocardiographic pattern of 
left atrial enlargement only in patients with cardiomyopathy. The term left atrial enlarge- 
ment appears to be inappropriate for this electrographic pattern and should be replaced 
with the term interatrial conduction defect. 





Time is the test of all things. 


























BRIEF SUMMARY 
Indications: Oral potassium therapy for the prevention and treatment of 
hypokalemia which may occur secondary to diuretic or corticosteroid 
administration. May be used in the treatment of cardiac arrhythmias due 
to digitalis intoxication. 
Contraindications: Severe renal impairment with oliguria or azotemia, 
untreated Addison’s disease, adynamia episodica hereditaria, acute 
dehydration, heat cramps and hyperkalemia from any cause. 
Precautions: Potassium intoxication by oral administration 
rarely occurs in patients with normal kidney function, however, 
potassium supplements must be administered with caution, 
since the amount of the deficiency or daily dosage is nol 
accurately known. Frequent checks of the clinical status ol 
the patient, and periodic ECG and/or serum potassium 
levels should be made. High serum concentrations o! 
potassium ion may cause death through cardiac 
depression, arrhythmias or arrest. This drug should 
be used with caution in the presence of cardiac 
disease. 
In hypokalemic states, especially in pa- 
tients on a low-salt diet, hypochloremic 
alkalosis is a possibility that may require 
chloride as well as potassium 
supplementation. 
Adverse Reactions: Nausea, vomiting, 
diarrhea, and abdominal discomfor 
have been reported. The most se- 
vere adverse effect is hyper- 
kalemia. 
Overdosage: Potassium intoxica: 
tion may result from overdosage 
of potassium or from therapeutic 
dosage in conditions stated unde! 
"Contraindications". Hyperkale: 
mia, when detected, must be 
treated immediately because le- 
thal levels can be reached in a feu 
hours. 
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D BRIEF SUMMARY — m 

Er Indications: Hypertension, adjunctive therapy in edema. Contraindications: Anuria, hypersensitivity to chlorthalidone orother sulfonamide-derived drugs. Warning: 
Er Should be used with caution in severe renal disease, impaired hepatic function or progressive liver disease. May add to or potentiate the action of other antihypertens 
i drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma. Thiazides cross the placental barrier and appear in cord blood. Use in 
Re pregnant women requires that the anticipated benefits of the drug be weighed against possible hazards to the fetus. These hazards include fetal or neonatal jaundice 
B thrombocytopenia, and possibly other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placental barrier and appear in bre 
A milk. If use of the drug is essential, the patient should stop nursing. Precautions: Periodic determination of serum electrolytes to detect possible electrolyte imbalance 
h should be performed at appropriate intervals. All patients receiving chlorthalidone should be observed for clinical signs of fluid or electrolyte imbalance; namely, hypc 


tremia, hypochloremic alkalosis, and hypokalemia. Serum and urine electrolyte determinations are particularly important when the patient is vomiting excessively or 
receiving parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop with chlorthalidone as with any other potent 
diuretic, especially with brisk diuresis, when severe cirrhosis is present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electrol 
intake will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially with reference to myocardial activity. Any chic 
ride deficit is generally mild and usually does not require specific treatment except under extraordinary circumstances (as in liver disease or renal disease). Dilutional 
hyponatremia may occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain patients. Insulin requirements in diabetic 
patients may be increased, decreased, or unchanged and latent diabetes mellitus may become manifest. Chlorthalidone and related drugs may increase the respon- 
Siveness to tubocurarine. The antihypertensive effects of the drug may be enhanced in the postsympathectomy patient. Chlorthalidone and related drugs may decree 
arterial responsiveness to norepinephrine. If progressive renal impairment becomes evident, as indicated by a rising nonprotein nitrogen or blood urea nitrogen, a 
careful reappraisal of therapy is necessary with consideration given to withholding or discontinuing diuretic therapy. Chlorthalidone and related drugs may decrease 
serum PBI levels without signs of thyroid disturbance. Adverse Reactions: Anorexia, gastric irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic cholestatic jaundice), pancreatitis; dizziness, vertigo, paresthesias, headache, xanthopsia; leukopenia, agranulocytosis, thrombocytopenia, aplastic ane 
mia; purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypoten 
sion may occur and may be aggravated by alcohol, barbiturates or narcotics. Other adverse reactions include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. Whenever adverse reactions are moderate or severe, chlorthalidone dosage should be reduced or therapy withdrawn. 
Usual Dose: One tablet daily. How Supplied: Tablets— 100 mg. (white, scored) and 50 mg. (aqua) in bottles of 100 and 1000; PAKs of 28 tablets, boxes of 6. 
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. 972 Atrial Endocardial Activation in Man. Electrode Catheter Technique for Endocardial 
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Mapping 


MARK E. JOSEPHSON, DANIEL L. SCHARF, JOHN A. KASTOR and 
JAMES G. KITCHEN, Ill 


These results indicate that atrial endocardial mapping by electrode catheter technique is 
an important diagnostic tool in evaluating supraventricular tachycardias and atrial conduc- 
tion disturbances. In patients with normal P waves atrial activation begins at either the high 
or mid right atrium and proceeds to the low right atrium, atrioventricular junction and the 
coronary sinus. In patients with left atrial enlargement the activation sequence is similar 
but activation at the coronary sinus is markedly delayed. Six patients with the Wolff-Parkin- 
son-White syndrome had normal antegrade atrial activity; five of the six demonstrated ec- 
centric retrograde atrial activation during supraventricular tachycardia. The P-A interval 
may be a reflection of right intraatrial conduction and be prolonged in conditions that cause 
right atrial enlargement or hypertrophy. 


982 Clinical Significance of V Wave in the Main Pulmonary Artery 


JAMES E. CARLEY, BERT Y. S. WONG, DAVID M. PUGH and MARVIN DUNN 


Nondistensibility of the left atrium and low pulmonary vascular resistance were two main 
factors favoring retrograde transmission of the V wave into the main pulmonary artery in 
6 of 68 patients with mitral insufficiency. All six had acute onset of mitral insufficiency, and 
in four undergoing surgery anatomic disruption of one part of the mitral valve apparatus 
was verified. The presence of such retrograde transmission of the V wave helps to differ- 
entiate patients with acute from chronic mitral insufficiency. It may even permit bedside 
differentiation with use of a Swan-Ganz catheter. 


EXPERIMENTAL STUDIES 


986 Ischemic Contracture of the Myocardium: Mechanisms and Prevention 


DAVID J. HEARSE, PAMELA B. GARLICK and STUART M. HUMPHREY 


These data demonstrate that the availability of myocardial adenosine triphosphate (ATP) 
is a primary determinant of the onset and progression of ischemic contracture of the rat 
heart, but that calcium can influence the extent of contracture. Procedures that reduce 
myocardial energy demand, increase myocardial energy supply or lower cellular calcium 
influx, thereby conserving cellular ATP supplies, may delay the onset of ischemic contrac- 
ture of the heart whereas those that reduce cellular ATP content advance it. The comple- 
tion of contracture in rat hearts coincides with the reduction of ATP to 3 to 4 umoles/g dry 
weight. After the onset of ischemia there is an early and rapid decrease in myocardial ATP 
content resulting from continued contractile activity and the termination of oxidative me- 
tabolism. The subsequent reduced rate of ATP depletion reflects the combined effect of 
cardiac arrest and the glycolytic production of ATP from glycogen. 


Continued on page A17 
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Easy does it 


Cardiac patients simply can't afford straining. 
To help your constipated cardiacs, 

DIALOSE combines an effective fecal softener 
with a lubricating agent, so stools are 

moister and elimination becomes easier. 
Should your cardiac patient require 
some peristaltic activation, 


DIALOSE PLUS—with 30 mg casanthranol— 
gently provides the needed stimulation. 


easier defecation makes it 
easieron his heart 


DIALOSE. 


(diocty! sodium sulfosuccinate, 100 mg.; 
sodium carboxymethylcellulose, 400 mg.) 


STOOL SOFTENER/LUBRICANT 
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and sodium carboxymethylcellulose, 400 mg.; 
plus casanthranol 30 mg.) 
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in writing. 


You're looking at the only cardiac output 
computer that offers both automatic body/injectate 
temperature sensing and visual status 
reporting (VSR). at 

Automatic sensing improves efficiency 
through eliminating manual temperature taking. 

VSR keeps you informed of the computer's 
functions by displaying the status of the computer. 

For example, it lets you know if the com- 
puter circuit is functioning properly; or it indicates 
if there's a problem in the computer or thermistor 
circuitry. 

It also alerts vou when it's ready to calcu- 
late, if battery recharging is needed, and gives vou 
results of the self-test cycle. 

A third generation instrument, our Model 
9520 is simple to use, fully portable, and operates 
with iced or room temperature injectate. Further- 
more, it’s directly compatible with our new 
SWAN-GANZ® Thermodilution Catheter. 


And if you want the thermal curves in 
writing, our new Model 9810 battery-powered and 
inkless recorder, which fits neatly under the 
computer's case, is plug-in connectable. 

At Edwards Laboratories, we believe the 
computer should put its conditions in writing. But 
obviously, the patient’s condition should always 
remain the major concern. 

For our new fact-filled brochure, please 
phone or write: Edwards Laboratories, Division of 
American Hospital Supply Corp., 17221 Red Hill 
Avenue, P.O. Box 11150, Santa Ana, CA 92711, 
714/557-8910. 


SWAN-GANZ® is a registered trademark, Edwards Laboratories 
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CARDIOCASSETTE. II 


NEW Pocket Size 
Ambulatory ECG System 


The small size and weight (under 15 ounces 
with battery) of the new CARDIOCASSETTE Ii 
` make it ideal for investigations into the cause of 
transient dyspnea, angina, cerebral ischemia, 
etc., and for monitoring progress in cardiac 
_ rehabilitation. CARDIOCASSETTE Il is easily 
carried in shirt or coat pocket, across the 
shoulder or on the hip. There is little or no 
interference with patient activity even during 
strenuous sports or exercise such as tennis. 


Patient-activated mode permits patient to initiate ECG recor- 
dings during symptoms or during activity being investigated. An 
automatic programmer provides a variety of selectable programs 
giving ECG recordings from 3⁄2 to 28 seconds in length at intervals 
from 15 to 120 minutes, permitting long-duration monitoring of 
active patients. Continuous recordings up to 30 minutes long are 
possible. The patient can record voice comments along with the 
ECG, eliminating the need for a written diary. 


CARDIOCASSETTE |l plays back directly into any standard 
office ECG unit. No scanning or data processing equipment is 
required. This feature permits storage of ECG data for subsequent 
processing by a variety of modes including oscilloscope display, 


editing, phone transmission, batch process- 
ing, computer analysis, etc. 


Recorded ECG can be transmitted 
directly from CARDIOCASSETTE Il over 
the telephone to any ECG receiver, 
facilitating remote analysis or consultation. 


Performance exceeds American Heart 
Association standards for frequency 
response, common mode noise rejection, 
and impedance. 


For a demonstration or more information on the 


new CARDIOCASSETTE Il write or phone: 


-Cardiodyne_ 


Cardiodyne, Inc. 19282 Stevens Creek Blvd. Cupertino, CA 95014 (408) 253-9582 








CONTENTS 





994 Contrasting Effects of Nitroprusside and Phentolamine in Experimental Myocardial 
Infarction 


KONDANGUDI! B. RAMANATHAN, MONTY M. BODENHEIMER, VIDYA S. BANKA and 
RICHARD H. HELFANT 


Although both phentolamine and nitroprusside improve local myocardial contractile ability 
in the presence of ischemia, phentolamine, unlike nitroprusside, increases the area of 
ischemic injury by its positive chronotropic action. Nitroprusside did not change the heart 
rate and total S-T elevation decreased. There is evidence that individual vasodilators have 
differing modes of action and cannot be considered a homogeneous group. In the setting 
of acute myocardial infarction phentolamine and nitroprusside exert differing regional ef- 
fects. Both significantly improve tension development in the border and nonischemic 
zones; neither significantly affects contraction in the central ischemic zone. Although each 
vasodilator drug should be examined to determine its uses and limitations in patients with 
acute myocardial ischemia or infarction, these data in dogs suggest that nitroprusside may 
be preferable to phentolamine. 


1000 Features of Fascicular Block Imposed Upon Existing Right Bundle Branch Block in the Dog 
and Baboon 


THOMAS B. WATT, Jr. 


These studies in six dog and six baboon hearts show the effect of experimentally produced 
left anterior fascicular or left posterior fascicular blocks upon preexisting right bundle 
branch block. The production of right bundle branch block alone produced a right-anterior- 
superior shift of the mean QRS axis that was more pronounced in the dog than in the ba- 
boon. The addition of left anterior fascicular block then caused extreme left axis deviation 
in both species. Left posterior fascicular block shifted the mean frontal QRS axis counter- 
clockwise, still superior in the dog but inferior in the baboon. Other species differences be- 
tween the dog heart and the baboon heart were elicited by these experimentally induced 
blocks. In general, left anterior fascicular block tended to enhance, and left posterior fas- 
cicular block to mask, the aberrancy associated with preexisting right bundle branch 
block. 


METHODS 


1008 Mitral-Septal Separation: New Echocardiographic Index of Left Ventricular Function 


BARRY M. MASSIE, NELSON B. SCHILLER, ROBERT A. RATSHIN and 
WILLIAM W. PARMLEY 


Reflecting an interplay between the amount and rate of early diastolic filling and ventricular 
size, the echocardiographically determined mitral E point-septal separation index corre- 
lates well with the angiographic ejection fraction and provides an easily performed, simple 
and relatively reliable measure of left ventricular function in patients with coronary artery 
disease. However, it is invalid as an index of ventricular function in subjects with mitral ste- 
nosis or moderate aortic regurgitation and tends to overestimate the ejection fraction in pa- 
tients with predominant apical-lateral asynergy and to underestimate it in those with an- 
teroseptal asynergy. Focal septal motion abnormalities will also occasionally result in in- 
creased amounts of mitral-septal separation. 








For the special needs of patients 
with hard, dry stools 


Hard, dry stools hurt, and may be hazardous by causing straining. SENOKOT S Tablets offer 
comfortable relief by softening the stool and stimulating its movement. 


Provides standardized senna concentrate, 

a clinically established laxative of choice 

Standardized senna concentrate is a gentle, effective neuroperistaltic stimulant with 
documented effectiveness in thousands of patients. Its virtually colon-specific, gentle, 
predictable action is generally free of side effects at proper dosage levels. 


Provides DSS, the classic stool softener 
DSS in SENOKOT S Tablets complements the laxative effect of standardized senna 
concentrate by “moistening” and softening the stool for smoother and easier passage. 


Comfortable overnight action 

With DSS and standardized senna concentrate, SENOKOT S Tablets provide both softness 
and stimulation for constipated patients with hard, dry stools. Taken at bedtime SENOKOT S 
Tablets usually induce predictable, comfortable evacuation the next morning. 


Purdue Frederick 
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1017 Reduced Incidence of Intraoperative Myocardial Infarction During Coronary Bypass 
Surgery With Use of Intracoronary Shunt Technique 


ANDREW J. FRANZONE, EUGENE WALLSH, SIMON H. STERTZER, 
NICHOLAS P. DePASQUALE and MICHAEL S. BRUNO 


The incidence of intraoperative myocardial infarction should decrease as the technique of 
aortocoronary bypass surgery improves. In this study the use of an intracoronary shunt in 
30 consecutive patients which made it possible to limit the period of coronary occlusion 
during graft construction to a few minutes reduced the incidence of intraoperative myocar- 
dial infarction as judged by the appearance of new Q waves. None of the 30 patients had 
such an infarction compared with a 12 percent incidence rate in a group of 50 patients pre- 
viously operated on without this procedure. The absence of electrocardiographic evidence 
of intraoperative myocardial infarction in the former group is attributed to the maintenance 
of coronary blood flow during graft construction. A significant reduction of postoperative 
persistent S-T segment elevation from 42 to 17 percent was also achieved, suggesting that 
such elevation may occasionally be due to myocardial injury rather than to pericarditis. 


REPORTS ON THERAPY 


1021 Improved Survival After Coronary Bypass Surgery in Patients With Poor Left Ventricular 
Function: Role of Intraaortic Balloon Counterpulsation 


MARIO FEOLA, LESLIE WIENER, PAUL WALINSKY, HRATCH KASPARIAN, PETER DUCA, 
RONALD GOTTLIEB, ALBERT BREST and JOHN TEMPLETON 


The operative mortality of aortocoronary bypass surgery in patients with poor left ventricu- 
lar function was significantly reduced from 34.7 to 8 percent by the application of intraaor- 
tic balloon counterpulsation preoperatively, perioperatively and postoperatively for 2 to 5 
days. The rate of operative myocardial infarction was reduced from 30.4 to 4 percent. In 
this study an “‘unloading”’ effect on the left ventricle was suggested by the reductions in 
systolic systemic and end-diastolic pulmonary arterial pressure and demonstrated by the 
reduction in left ventricular end-diastolic pressure and volume. Metabolic improvement and 
increased coronary blood flow were also noted and obviously of sufficient magnitude to in- 
fluence the course of events. 


1027 Efficacy of Disopyramide Phosphate in the Treatment of Refractory Ventricular 
Tachycardia 


LOUIS A. VISMARA, ZAKAUDDIN VERA, RICHARD R. MILLER and DEAN T. MASON 


These data demonstrate the potential efficacy of disopyramide phosphate, a butyramide- 
type compound with a chemical structure different from that of other antiarrhythmic 
agents, for the treatment of ventricular arrhythmias. It is best classified as a type | antiar- 
rhythmic agent. This agent successfully suppressed in seven patients life-threatening ven- 
tricular arrhythmias refractory to all currently available antiarrhythmic drugs. Possible 
dose-related cardiac pump depression occurred in two patients, but disopyramide was oth- 
erwise well tolerated. Disopyramide should be utilized cautiously in patients with de- 
pressed ventricular activity. Other side effects, nausea, vomiting, retention of urine and 
blurred vision, are primarily related to its anticholinergic effects. The therapeutic plasma 
range of disopyramide is 2 to 4 ug/ml. 
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Burdick's new 





helps track down coronary disorders. 


Introducing Burdick's new ExTOL...the coordinated 
Exercise Tolerance System. Now from one source, the in- 
strumentation components necessary to better detect clin- 
ically unsuspected or "silent" coronary disorders. All built, 
and backed, by Burdick, with the same quality that has made 
Burdick a leader in medical instrumentation for more 
than 60 years. The ExTOL System includes: 

Burdick's new TMS-300 Treadmill. A treadmill that 
lets you start your patient testing sequence at zero miles per 
hour; an important contribution to patient safety, especially 
the older patient. Infinitely variable speed control 0-7 miles 
per hour. Elevation to a maximum of 2596 grade. Wide 
walking belt area for an extra margin of safety. Durable, 
curl-resistant heavy polyester belt tracks well. Remote con- 
trol unit with digital timer and ECG start/stop control for 
automatic-start ECG instruments. Speed-setting caution 
indicator for added safety. 

EK-6 3-Channel Electrocardiograph. Complete 12- 
lead ECGs in 10 seconds. 
Automatic lead marking. Lead 





BURDICK 


lengths, selection, standardizations, sensitivity settings, 
paper speed, and lead check can be automatically con- 
trolled. Heated styli and new BlueTrace paper produces 
clear, accurate, smudge-free ECG tracings. 

New CS-625 Monitor/Heart Rate Meter. Viewing 
screen projects non-fade ECG display with freeze 
frame capability. Clear, easy-to-read, digital heart rate 
meter with range from 12-240 beats per minute. Heart-rate- 
limit alarm available. 

DC-170 Defibrillator. Designed with the patient's and 
operator's safety in mind, simple operation. Energy levels 
from 5-400 joules in easy-to-select detented positions. 

Install EXTOL, Burdick's Exercise Tolerance System. If 
you want accurate test results and control of the test se- 
quence, you want Burdick. ExTOL components also avail- 
able separately if you want to update your present system. 

For a demonstration or more information, call toll- 
free 800-356-0701. Within Wisconsin: 608-868-7631. Or 
write The Burdick Corporation, 
Milton, Wisconsin 53563. 


The instrumentation described above for sale 
to and use by professional personne! only 
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PEDIATRIC CARDIOLOGY 


1035 Pathologic Anatomy of Subaortic Stenosis and Atresia in the First Year of Life 


ROBERT M. FREEDOM, M. RENATE DISCHE and RICHARD D. ROWE 


Subaortic obstruction caused death during the first year of life in 7.3 percent of 1,362 pa- 
tients with a congenitally malformed heart. Most frequent pathologic mechanisms included 
(1) conoventricular malalignment, (2) adherent mitral valve, (3) accessory endocardial 
cushion tissue, (4) restrictive bulboventricular foramen, (5) poorly expanded subaortic 
conus, or (6) combinations of these. Although some forms of subaortic obstruction in in- 
fants are amenable to surgical intervention, many infants have such severe disturbances 
of intracardiac anatomy that complete repair or even long-term palliation is not possible 
using Currently applicable techniques. 


1045 Congenital Cardiac Malformations in 109 Sets of Twins and Triplets 


RAY C. ANDERSON 


In this study of 107 sets of twins and 2 sets of triplets the distribution of specific defects 
was similar to that in the general population except for the absence of cases of associated 
Down's syndrome. There was a disproportionately large percentage of monozygotic twins 
(58 percent), same-sex twins (81 percent) and females (62 percent). Concordance for 
specificity of cardiac defect was very high in the few monozygotic twins with concordance 
for cardiac malformation. A low concordance rate in monozygotic twins does not exclude 
genetic factors in the etiology of cardiac malformations. The excess of females in this 
study remains unexplained. This twin material may be atypical because of the large inci- 
dence of females and the relatively low birth weight in this series. 


1051 Myocardial Degeneration in Congenital Heart Disease. Comparison of Morphologic 
Findings in Young and Old Patients With Congenital Heart Disease Associated With 
Muscular Obstruction to Right Ventricular Outflow | 


MICHAEL JONES and VICTOR J. FERRANS 


Ultrastructural changes of severe myocardial degeneration in patients over age 30 years 
with congenital heart disease reflect the stresses of prolonged right ventricular hypertro- 
phy and hypoxia. Correlating well with the more frequently found clinical cardiac dysfunc- 
tion, these changes were entirely absent in the younger patients 5 years old or less. The 
data indicate that operative correction of congenital heart disease should be undertaken as 
early in life as technically appropriate to prevent the irreversible degenerative changes 
that occur in the late stages of hypertrophy. In addition, morphologic observations on the 
operatively resected myocardium from patients with congenital heart disease may have a 
predictive value for immediate and long-term postoperative myocardial function. 


DIAGNOSTIC SHELF 


1064 Pulmonary Valve Vegetations Detected With Echocardiography 


NEIL E. KRAMER, SUKJHIT S. GILL, RAMESH PATEL and WILLIAM D. TOWNE 


Although pulmonary valve involvement is uncommon in right-sided endocarditis, this case 
report describes the echocardiographic detection of vegetations on the posterior pulmo- 
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"Due to your steady progress and 
recovery, we are sorry to tell you that 
we can no longer monitor you on our 
hard-wire system”... 


It would be funny if it weren’t true. 
With a hard-wire monitoring system, 
patient mobility is limited by wire 
length and that means ambulatory pa- 
tients are disconnected... most of 
your cardiac patients are not 
monitored at all! 


Now, with LSE Telemetry, all your 
patients can be "continuously" moni- 
tored from emergency arrival, through 
OR, recovery room, ICU, CCU and 
even when fully ambulatory. 
The patient's heart func- 
tions are picked up by two 
electrodes and transmitted 
to the monitor. LSE offers 
the smallest, lightest pa- 
tient transmitter in the 
industry. The 4-patient 
monitors are easily posi- 
tioned or moved, and plug 
into any convenient outlet. The elec- 
trical work, installation cost and 
disruption associated with conven- 
tional hard-wired systems have been 
greatly reduced. 





Each patient's ECG signal displays 
and controls are arranged in a hori- 
zontal line and can be seen at a 
glance. The system is fully automatic. 
When a patient's heart rate exceeds 
preset limits, an audible and visible 
alarm alerts the nurse and starts the 
ECG recorder. An internal recorder 
memory stores up to 17 seconds of 
pre-alarm data for analysis. The 


bright, flicker-free, real-time, 4-chan- 
nel ECG display with fifth position 
for "freeze" of any channel, can be 
“cascaded” for up to 34 seconds of 
real-time data. The system has an 
effective range of 1000 feet with a 
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visible alarm is activated if a patient 
exceeds range, or if a transmitter 
battery is low, if an electrode lead is 
loose or even if there is excessive 
interference. Up to 24 patients can be 
"continuously" monitored from one 
central station. Portable, single-pa- 
tient monitors and remote recorder - 
can accompany a patient anywhere. 


Once you decide on "continuous" 
telemetry monitoring, selecting LSE 
is the simple part. Be convinced. 


Send for our brochure, 
or for immediate 
response, call or write: 
LSE, P.D. Box 858, . 
Tullahoma, TN 37388 
(615) 455-0686 


Patient 
Monitoring 
Systems 





LASER SYSTEMS 
& ELECTRONICS, INC. 


An Affiliate of Keuffel & Esser Co. 
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nary valve leaflet that preceded involvement of the remaining valves during fatal recurring 
pseudomonas endocarditis in a 24 year old male heroin addict. Sequential echocardiogra- 
phy demonstrated the initial absence of vegetations, the evolution of pulmonary valve veg- 
etations with relapse and finally the appearance of vegetations on all cardiac valves. The 
sequential echocardiographic changes in the pulmonary valve may be interpreted as rep- 
resenting the process of healing. At autopsy there was gross incompetence of the pulmo- 
nary valve orifice with erosion of all leaflets and a healed vegetation on the posterior pul- 
monary valve leaflet. 


CASE REPORTS 


1068 Left Ventricle to Aorta Valved Conduit for Relief of Diffuse Left Ventricular Outflow Tract 
Obstruction 


ROBERT F. REDER, IVAN DIMICH, LEONARD STEINFELD and ROBERT S. LITWAK 


A valve-bearing conduit between the left ventricular apex and thoracic aorta to bypass left 
ventricular outflow obstruction was successfully used in a 17 year old girl with congenital 
tunnel subaortic stenosis. In this patient the peak systolic pressure gradient of 95 mm Hg 
was reduced to 6 mm Hg on postoperative study. Similar conduits have also been used in 
patients with congenital aortic stenosis associated with diffuse hypoplasia of the subvalvu- 
lar, anular and, occasionally, supravalvular areas and acquired aortic stenosis with severe 
anular narrowing and aortic calcification. They may also prove useful in the management 
of selected cases of idiopathic hypertrophic obstructive cardiomyopathy. 
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ARNOLD M. KATZ and MICHIHIKO TADA 
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Resuscitation equipment 
cardiac electrotherapy and 
heart catheterization... 


SERVOCARD program - our 
THIRD GENERATION for electro- 
therapy, 

e again, compact, modular 
design, digital display 

è advanced in both features 
and safety 

è either as complete system, 
consisting of cardioscope Man 
heart rate monitor, pacemaker, 
alarmrecorder and defibrillator 


e or individual modules, 
pacemaker, line / battery 
defibrillator-synchronized / 
non synchronized for line / 
battery operation 


è patient born pacemaker 


Cath Lab - featuring simul- 
taneous display of several 
amplified pressure traces. 
Multi-coloured display for 
easy-to-read traces. Electro- 
nic grid shows amplitude at a 
glance. Additional digital dis- 
play of heart rate or other 
parameters. Large choice of 
modular components lets you 
design your own "made-to- 
measure” system. 


Electrotherapy for cardiac 
emergencies. 

Portable, battery powered 
(rechargeable) defibrillator 

for myocardial depolarization 
to restore heart beat in cases 
of ventricular fibrillation. Maxi- 
mum safety for both, patient and 
operator. Energy steps prese- 
lectable: 25 to 400 Ws. Push- 
buttons on paddles for separate 
charging and energy discharge. 


2 AEn E- HELLIGE GMBH 
- E L LI e E Heinrich-von-Stephan-StraBe 4 
D-78 Freiburg im Breisgau 


Telefon (0761) 4011-1 


PARTNERS IN MEDICINE  Teiex 0772705 


State of the art equipment on the international medical market: 

HELLIGE means precision and reliability. Behind each piece of equip- 
ment stands our worldwide sales and service organizations. Detailed bro- 
chures and our catalogue, "Biomedical Technology" are waiting for you. 


USA Representatives: Litton Medical Electronics - 777 Nicholas Blvd. : Elk Grove - IIl. 60007 





Peritrate" SA 
Sustained Action 


(pentaerythritol tetranitrate) 80 mg 
Peritrate" 
(pentaerythritol tetranitrate) 40 mg 
Peritrate" 
(pentaerythritol tetranitrate) 20 mg 
Peritrate” 
(pentaerythritol tetranitrate) 10 mg 


CAUTION: Federal law prohibits dispensing without prescription 
Description: Each tablet of Peritrate SA Sustained Action contains 
pentaerythritol tetranitrate 80 mg (20 mg in immediate release layer 
and 60 mg in sustained release base). Each tablet of Peritrate 40 mg 
contains pentaerythritol tetranitrate 40 mg. Each tablet of Peritrate 
20 mg contains pentaerythritol tetranitrate 20 mg. Each tablet of 
Peritrate 10 mg contains pentaerythritol tetranitrate 10 mg. Peritrate 
(pentaerythritol tetranitrate) is a nitric acid ester of a tetrahydric 
alcohol (pentaerythritol) 





indications: Based on a review of this drug by the National 
Academy of Sciences—National Research Council and/or 
other information, FDA has classified the indications as 
follows 

"Possibly" effective: Peritrate (pentaerythritol tetranitrate), is 
indicated for the relief of angina pectoris (pain associated with 
coronary artery disease). It is not intended to abort the acute 
anginal episode but it is widely regarded as useful in the pro- 
phylactic treatment of angina pectoris 

Final classification of the less-than-effective indications 
requires further investigation 
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Contraindications: Peritrate SA Sustained Action (pentaerythritol 
tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are 
contraindicated in patients who have a history of sensitivity to the 
drug 

Warning: Data supporting the use of Peritrate (pentaerythritol tetra- 
nitrate) during the early days of the acute phase of myocardial 
infarction (the period during which clinical and laboratory findings 
are unstable) are insufficient to establish safety 

This drug can act as a physiological antagonist to norepi- 
nephrine, acetylcholine, histamine, and many other agents 
Precautions: Should be used with caution in patients who have 
glaucoma. Tolerance to this drug, and crossstolerance to other 
nitrites and nitrates may occur. 

Adverse Reactions: Side effects reported to date have been pre- 
dominantly related to rash (which requires discontinuation of medi- 
cation) and headache and gastrointestinal distress, which are 
usually mild and transient with continuation of medication. In some 
cases severe, persistent headaches may occur 

In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been reported in the literature 

(a) Cutaneous vasodilatation with flushing 

(b) Transient episodes of dizziness and weakness, as well as 

other signs of cerebral ischemia associated with postural 
hypotension, may occasionally develop 

(c) An occasional individual exhibits marked sensitivity to the 

hypotensive effects of nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, perspiration and col- 
lapse) can occur, even with the usual therapeutic doses. 
Alcohol may enhance this effect 
Dosage: Peritrate (pentaerythritol tetranitrate) may be administered 
in individualized doses up to 160 mg a day. Dosage can be initiated 
at one 10 mg or 20 mg tablet q.i.d. and titrated upward to 40 mg 
(two 20 mg tablets or one 40 mg tablet) q.i.d. one-half hour before 
or one hour after meals and at bedtime. Alternatively, Peritrate Sus- 
tained Action 80 mg can be administered on a convenient b.i.d 
dosage schedule 
Supplied: Peritrate SA Sustained Action (pentaerythritol tetrani- 
trate) 80 mg—double-layer, biconvex, dark green/light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 (N 0047-0004-60). Also 
unit dose, package of 10 x 10 strips (N 0047-0004-11). 

Peritrate (pentaerythritol tetranitrate) 40 mg—pink scored tablets 
in bottles of 100 (N 0047-0008-51) 

Peritrate (pentaerythritol tetranitrate) 20 mg—light green, scored 
tablets in bottles of 100 (N 0047-0001-51) and 1000 (N 004 7-0001-60) 
Also unit dose, package of 10 x 10 strips (N 0047-0001-11) 

Peritrate (pentaerythritol tetranitrate) 10 mg—light green, 
unscored tablets in bottles of 100 (N 0047-0007-51) and 
1000 (N 0047-0007-60) 

STORE BETWEEN 59? and 86? F (15? and 30? C). 

Animal Pharmacology: In a series of carefully designed studies in 
pigs, Peritrate (pentaerythritol tetranitrate) was administered for 48 
hours before an artifically induced occlusion of a major coronary 
artery and for seven days thereafter. The pigs were sacrificed at 
various intervals for periods up to six weeks. The result showed a 
significantly larger number of survivors in the drug-treated group 
Damage to myocardial tissue in the drug-treated survivors was less 
extensive than in the untreated group. Studies in dogs subjected to 
oligemic shock through progressive bleeding have demonstrated 
that Peritrate (pentaerythritol tetranitrate) is vasoactive at the post- 
arteriolar level, producing increased blood flow and better tissue 
perfusion. These animal experiments cannot be translated to the 
drugs actions in humans 

Full information is available on request 


Warner / Chilcott 

Division, 

Warner-Lambert Company 
Morris Plains, N.J. 07950 


NEW 


Introducing new dosage simplicit 
to maximum dosage of Peritrate 


Peritrate 4O0ma 


(pentaerythritol Tablets 
tetranitrate) oR Ke} 


In many angina* patients, 
response to Peritrate is . 
optimum when dosage is 
titrated to its maximum 


The simple aim of Peritrate 
prophylaxis* is to maintain 
adequate nitrate levels 
in the body so that fewer 
“breakthrough” angina attacks 
occur. To achieve this goal, 
many patients require 
maximum dosage—new 
Peritrate 40 mg tablets q.i.d. or 
Peritrate' SA Sustained Action 
80 mg b.i.d. Whichever form of 
Peritrate you choose, be sure 
you use it optimally. You can 
expect side effects to be few. 


*This drug has been evaluated as possibly 
effective for this indication. 
See brief summary. PE-GP-73 
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ECG SYNCHRONIZED FOR ACCURATE 
CARDIAC OUTPUT 
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* DISPOSABLE STANDARD SYRINGES, AUTOMATIC REFILLING. 
* INJECTION SPEED 7ML/SEC 
* INJECTION VOLUME 1 TO 10ML. 
POWERED BY COMPRESSED AIR FROM AIR BOTTLE, OR HOSPITAL 
. AIR SYSTEM. 
* EQUIPPED WITH OWN ECG AMPLIFIER AND ECG OUTPUT. 
COMPLETE SAFETY, OPTICAL ECG INPUT ISOLATION POWERED BY 
, RECHARGEABLE BATTERY. 
INJECTION DELAY ADJUSTABLE DIRECTLY IN % OF CARDIAC 


‘CARDIOMAX”’ CIRCULATORY SYSTEM COMPUTER 


MEASURES: 


* CARDIAC OUTPUT 

* MEAN TRANSIT TIME 

* CENTRAL BLOOD VOLUME 
SYSTEMIC RESISTANCE 
THREE BLOOD PRESSURES 


BY 
DYE OR THERMODILUTION 
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Thermodilution Cardiac Output Computer 
"CARDIOTHERM-500" 
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*WILL WORK WITH ANY THERMISTOR CATHETER. 
*RECHARGEABLE BATTERY-OPERATED; WILL MAKE 100 CAR- 
DIAC OUTPUT MEASUREMENTS ON ONE BATTERY CHARGE. 
*AUTOMATIC MEASUREMENT AND ENTRY OF BODY TEMPERA- 

TURE AND INDICATOR TEMPERATURE. 
* AUTOMATIC ZEROING. 
*ISOLATED CHART RECORDER OUTPUT. 
*EXTRAPOLATES DILUTION CURVE. 
*SMALL VOLUME ROOM TEMPERATURE INJECTIONS. 
* PRICE: $3,500.00. 


COLUMBUS INSTRUMENTS — mm 


Phone: (614) 488-6176 950 N. Hague Avenue 


Columbus, Ohio 43204, USA 
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HYPERSTAT® I. V. (brand of diazoxide, USP) 


Injection 
FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


INDICATIONS For the emergency reduction of blood pressure in malignant 
hypertension in hospitalized patients, when prompt and urgent decrease of 
diastolic pressure is required. Treatment with orally effective antihypertensive 
agents should be instituted as soon as the hypertensive emergency is controlled. 
HYPERSTAT I.V. Injection is ineffective against hypertension due to pheo- 
chromocytoma. 


CONTRAINDICATIONS It should not be used in the treatment of compensatory 
hypertension, such as that associated with aortic coarctation or arteriovenous 
shunt, nor in patients hypersensitive to diazoxide or other thiazides, unless the 
potential benefits outweigh the possible risks. 


WARNINGS Safety in pregnancy and in children has not yet been established. 
Information is not available concerning the passage of HYPERSTAT in breast 
milk. However, it is Known that diazoxide crosses the placental barrier and 
appears in cord blood. Like other thiazides, the drug may produce fetal or neo- 
natal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, 
and possibly other adverse reactions that have occurred in adults. Hypotension 
may occasionally result. If severe enough to require therapy, it will usually 
respond to the administration of sympathomimetic agents, such as norepine- 
phrine. Hyperglycemia occurs in the majority of patients, but usually requires 
treatment only in patients with diabetes mellitus; it will respond to the usual 
management, including insulin. Therefore, blood glucose levels should be moni- 
tored, especially in patients with diabetes or in those requiring multiple injec- 
tions of diazoxide. Hyperglycemia and hyperosmolar coma associated with 
transient cataracts developed in one infant receiving repeated daily doses of 
oral diazoxide. The disturbed carbohydrate metabolism was successfully treated 
with insulin. Cataracts have been observed in a few animals receiving repeated 
daily doses of intravenous or oral diazoxide. Since diazoxide causes sodium re- 
tention, repeated injections may precipitate edema and congestive heart failure. 
This retention responds characteristically to diuretic agents if adequate renal 
function exists. Concurrently administered thiazides may potentiate the anti- 
hypertensive, hyperglycemic, and hyperuricemic actions of diazoxide (See Drug 
Interactions). Since increased volume of extracellular fluid may be a cause of 
treatment failure in nonresponsive patients, it may be advisable to reduce this 
increased volume by means of a diuretic agent. Although no evidence of exces- 
sive anticcagulant effects has been reported, patients, especially those who are 
hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its de- 
rivatives, may require reduction in dosage of the anticoagulant (See Drug 
Interactions). 


PRECAUTIONS HYPERSTAT (diazoxide) I.V. Injection is a potent antihyperten- 
sive agent requiring close monitoring of the patient's blood pressure at fre- 
quent intervals. Its administration may occasionally cause hypotension requiring 
treatment with sympathomimetic drugs. Therefore, adequate facilities to treat 
such untoward reactions should be available. It should be administered only into 
a peripheral vein, Because the alkalinity of the solution is irritating to tissue. 
extravascular injection or leakage should be avoided; subcutaneous administra- 
tion has produced inflammation and pain without subsequent necrosis. If leak- 
age into subcutaneous tissue occurs, the area should be treated conservatively. 
Maximal antihypertensive effects occur after rapid administration (within 30 
seconds) into the vein; a slower injection may fail to reduce blood pressure or 
produce a very brief response. As with any potent antihypertensive agent, 
HYPERSTAT I.V. Injection should be used with care in patients who have im- 
paired cerebral or cardiac circulation, that is, patients in whom abrupt and 
brief recuctions in blood pressure might be detrimental. Special attention is 
required for patients with diabetes mellitus and those in whom retention of salt 
and water may present serious problems (See Warnings). Nondiabetic patients 
may have a transient, reversible, and clinically insignificant increase in blood 
glucose following HYPERSTAT I.V. Injection. Since peritoneal dialysis or hemo- 
dialysis can reduce levels of diazoxide in the blood, patients undergoing dialysis 
may require more than one injection. 

ADVERSE REACTIONS 

Frequent and serious adverse reactions: Sodium and water retention 
after repeated injections, especially important in patients with impaired cardiac 
reserve; hyperglycemia frequently requiring treatment in diabetic patients, 
especially after repeated injections. 

Infrequent but serious adverse reactions: Hypotension to shock levels; 
myocardial ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electro- 
cardiographic changes; cerebral ischemia, usually transient but possibly leading 
to thrombosis and manifested by unconsciousness, convulsions, paralysis, con- 
fusion or focal neurological deficit, such as numbness of the hands; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, 
Such as rash, leukopenia, and fever. Rarely, acute pancreatitis has been reported. 
Papilledema, induced by plasma volume expansion secondary to the administra- 
tion of diazoxide, was reported in one patient who had received eleven injec- 
tions over a twenty-two day period. 

Other adverse reactions: Vasodilative phenomena, such as orthostatic 
hypotension, sweating, flushing, and generalized or localized sensations of 
warmth; supraventricular tachycardia and palpitation; bradycardia; various 
transient neurological findings secondary to alterations in regional blood flow 
to the brain, such as headache (sometimes throbbing), dizziness, lightheaded- 
ness, sleepiness (also reported as lethargy, somnolence or drowsiness), euphoria 
or ‘‘funny feeling”, ringing in the ears and momentary hearing loss, and weak- 
ness of snort duration; chest discomfort or nonanginal ''tightness in the chest''; 
transient hyperglycemia in nondiabetic. patients; transient retention of nitro- 
genous wastes; and various respiratory and gastrointestinal findings, secondary 
to the relaxation of smooth muscle, such as dyspnea, cough and choking sensa- 
tion; nausea and vomiting and/or abdominal discomfort, anorexia, alteration in 
taste, parotid swelling, salivation, dry mouth, lacrimation, ileus, constipation 
and diarrhea, Also, warmth or pain along the injected vein; cellulitus without 
sloughing and/or phlebitis at the site of extravasation; back pain; and increased 
nocturia. Apprehension or anxiety, malaise and blurred vision occurred on single 
occasions, 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may 
displace other substances or drugs which are also bound to protein, such as 
bilirubin or coumarin and its derivatives, These potential interactions must be 
considered when administering HYPERSTAT |.V. Injection, The concomitant ad- 
ministration of diazoxide with thiazides or other commonly used potent diu- 
retics may potentiate the hyperglycemic, hyperuricemic, and antihypertensive 
effects of diazoxide. 


OVERDOSAGE Overdosage may cause an undesirable hypotension. Usually, this 
can be controlled with sympathomimetic agents, such as norepinephrine; failure 
of the blood pressure to rise in response to such an agent suggests that the 
hypotension may have been caused by something other than diazoxide. Exces- 
sive hyperglycemia resulting from overdosage will respond to conventional 
therapy of hyperglycemia, Diazoxide may be removed from the blood by peri- 
toneal dialysis or hemodialysis. SWW-4940R1 
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“The injection of the [diazoxide] bolus in 10 to 15 seconds results: 
in a prompt blood pressure fall in a high percentage of cases. A maximal 
blood pressure response usually occurs within 5 to 10 minutes:'* 













O Rapid reduction to normotensive levels O Uncomplicated procedure 

Induces rapid reduction of blood pressure generally Simple I.V. “push” in a peripheral vein in 30 seconds or 
within 5 minutes... often in 1 or 2 minutes to the lowest less. Close monitoring at frequent intervals is necessary 
level achieved. Blood pressure response facilitated by until blood pressure is stabilized (generally 15-30 minutes). 
appropriate diuretic therapy. Thereafter, hourly measurement should be taken during 

eR the balance of effect. 

O Prolonged activity 

A single injection of HYPERSTAT I.V. generally maintains [] Convenient...no preparation 
blood pressure below pretreatment levels for periods HYPERSTAT I.V. supplied as a 20 ml ampule containing 


up to 12 hours. 300 mg diazoxide in ready to use solution. 


t] Protective action — helps avert target 


*Marvin Moser, M D., Assistant Professor of Clinical Medicine, Albert 
organ damage Einstein College of Medicine, and Chief of Cardiology, White Plains 
Cardiac Output increases as diastolic pressure is Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 


reduced. Coronary and cerebral blood flow maintained SOS Orr moe tenis den Nar Ee TT TRI EIC oi 


Increased renal blood flow after transient decrease. 


Administration guidelines 








4 Fill dry syringe with appropriate dose 2 Hospitalized patient should be 3 Inject entire dose |.V. in 30 seconds or 
» Of HYPERSTAT I.V. Injection (20 ml « recumbent. Insert needle only into . less. Remove needle carefully— 
ampule contains 300 mg diazoxide). a peripheral vein. avoid extravasation. 
4 Keep patient recumbent for at least half If patient is to be ambulatory, measure 6 HYPERSTAT I.V. Injection should be 

» an hour after injection; monitor BP 2: BP in standing position before ending « continued until a regimen of oral 
closely until stabilized — usually 15-30 surveillance. antihypertensive medication becomes 
minutes. effective (generally within a few days). 
Copyright © 1975, aT. A ` 
Schering Corporation. Before prescribing HYPERSTAT I.V. Injection, please consult complete product information, 
All rights reserved. a summary of which appears on the facing page. 











(ISOSORBIDE DINITRATE) 





announcing 
ISORDIL CHEWABLE TABLETS 10 m 





for those angina* patients for whom 
you prefer a chewable isosorbide dinitrate. 
This higher strength chewable tablet makes 
increased dosage practical, and the tablet is scored 
for a lower starting dose and titration of dosage. 


*Indications: Based on a review of this drug by the National Academy of 
Sciences — National Research Council and/or other information, FDA has 
classified the indications as follows: 

"Probably" effective: When taken by the chewable route, Isordil Chewable 
Tablets are indicated for the treatment of acute anginal attacks and for 
prophylaxis in situations likely to provoke such attacks. 

Final classification of the less-than-effective indications requires further 
investigation. 


ontraindication: Idiosyncrasy to this drug. 

Varnings: Data supporting the use of nitrites during the early days of the acute 
ihase of myocardial infarction (the period during which clinical and laboratory 
indings are unstable) are insufficient to establish safety. 

'recautions: Tolerance to this drug and cross-tolerance to other nitrites and 
litrates may occur. 

Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
‘ommon and may be severe and persistent. Transient episodes of dizziness and 





weakness as well as other signs of cerebral ischemia associated with postural 
hypotension may occasionally develop. This drug can act as a physiological 
antagonist to norepinephrine, acetylcholine, histamine, and many other agents. 
An occasional individual exhibits marked sensitivity to the hypotensive effects 
of nitrite, and severe responses (nausea, vomiting, weakness, restlessness, 
pallor, perspiration and collapse) can occur even with the usual therapeutic 
dose. Alcohol may enhance this effect. Drug rash and/or exfoliative dermatitis 
may occasionally occur. 


Consult direction circular before prescribing. 
May we send you reprints, detailed information and/or professional 
samples? 

IVES LABORATORIES INC. Joes 

685 Third Avenue ® 

New York, New York 10017 

DEDICATED TO IMPROVING THE QUALITY OF LIFE 
THROUGH MEDICINE® 


CLINIC Kæ Ihis system lets you accep s from a variety of Sources eii 
= mw Clinics or private physicians. Computer provides a preliminary 
diagnosis in seconds, 24 hours a day. Lets you make the decision. 


Speeds reports to your clients. 


\ It frees you for more challenging professional roles. 
It inspires confidence through constant program updating. 
And there's no downtime. 


Finally, you don't have to own it. Install for one year 
i Sa | ¢ / at 75%a month less than purchased systems. Worth a try? 
WT VTCTGAR Pd / Call Dave Mitchell at (319) 556-3131 or write for full details. 


.. COMPUTER | 


4 the'wemeanbusiness 
medical computer company 


Dubuque Building, Suite 520, P.O. Box 1278G, Dubuque, lowa 52001 














Rae . The 1600 series pacemaker utilizes a hermetically sealed lithium-iodide 
cell as its power source. The functional characteristics of lithium 
batteries make them ideally suited for use in implantable devices 


where long term, stable operation is highly desirable. Lithium pace- - 


maker development was begun by American Optical in 1973. 


The 1600 series pacemaker is of the R-wave inhibited type, particularly - 


-Suited f for use in patients with intermittent heart block. 


e. Hermetically sealed electronics and. power source for maximum 
operational stability. - 

@ Exceptional resistance to electromagnetic S HR (EMI) 

@ Provides for ready determination of battery performance in the 
absence of patient history. 

@ Small size, light weight and full half-round corners and edges for 
patient comfort. 

@ Provides for evaluation of underlying rhythm non-invasively using a 
special accessory instrument available from American Pacemaker 
Corporation. 

| & Theoretical service life greater than ten years. Five year full replace- 

|. ment warranty. 

E Available. in models compatible with popular American leads. 

e. Technical consultation and order expediting available 24 hours a day. 
Dial 617 AM-PACER. 


SPECIFICATIONS 


. Rate: 70 ppm nominal 
Pulse Width: 1 + 0.1 msec 
» Pacemaker 

Weight: 89 grams 

Volume: 40cc 
. Power Source: Catalyst Research Corporation Model 802-23 lithium 

iodide cell - hermetically sealed 
Current Drain: Lead dependent, see manual 
22.8 microamps with 500 ohm load 
= Output: 5 volts 
Sensitivity: 1.8 millivolts + 20% 
i Befetory Period: 120 msec after R-wave typical 
; 210 msec after pacer pulse typical 

Sterile Package 

Weight: 1 kilogram 

Volume: 2750cc 
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Actual Size 





CORPORATION Nee 


10 Sonar Drive, Woburn, MA 01801 | 
Tel. 617 933-8980 — 





No symptom 
NO signs. A 
No complaints. 


Yet he was put 
on lipid-lowering 
therapy. 


/ I Mas f UNT 


f " 
4 
7 RII 


| 


4v 
Ib. 
f V i 


== 
x » 


. 


f 


AN IMPORTANT NOTE: |t | 
mauced lowering ot serun aT 
Hneneticial. or no ettei n then bici orta 


| = y ^ | ^ j ; 
| OF COTOI IY D@ahtGisease Several vear: Witt De required bel ry 


| inve stigations will yiel 





~y | 


T 
E 
3 
3 





Early intervention — 
a rational approach to the 
management of hyperlipidemia 


Reducing elevated lipid levels is a rational therapeutic goal at any stage 
of the yp mpsemc E Ranes. Lipid lowering is perhaps most logical, 

we however, early in the course of hyperlipid- 
emia, when most patients are asymptomatic.' 


Seemingly well, these patients are usually 
found to be hyperlipidemic when routine 
cholesterol and triglyceride determinations 
are performed as part of an overall clinical 
and laboratory workup. 


If persistent, clinically significant lipid eleva- 
tions are demonstrated — and underlying 
disease states are ruled out through history, 
W 1 physical examination, and appropriate labo- 
a e ae ratory tests—a diagnosis of primary hyper- 
+ lipidemia is confirmed. 





Dietary modification directed at correcting the specific lipid abnormality 
should be instituted as the first therapeutic step, but often fails to lower 
the lipids sufficiently. 


This is the best time to add ATROMID-S, an antilipidemic agent, to the 
regimen. Early, effective, and continuous lipid lowering is important in 
the successful management of hyperlipidemia. 
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Routine testin for both cholesterol 
and triglycerides recommended 


The concept of early intervention is gaining acceptance in dealing with 
the nationwide epidemic of hyperlipidemia. As a result, there is a trend 
toward increased screening of both asymptomatic patients and blood 
relatives of hyperlipidemic patients. "Because history and physical exam- 
ination are limited in their ability to detect these disorders [hypercholes- 
terolemia and hypertriglyceridemia], it now appears mandatory that each 
physician screen each patient routinely for lipid abnormalities just as one 
now routinely gets a hematocrit, a urinalysis or a fasting blood sugar in the 
course of an annual physical examination." 


Hyperlipidemia 
Atromid-S 


(clofibrate) Capsules 500 mg. 


See next page of advertisement for prescribing intormation. 











Hyperlipidemia — a factor you can do 
something about vou cannot change your patient's heredity. 


Or sex. Or age. But you can help alter other factors in his profile: improper 
diet, excessive smoking, hypertension and hyperlipidemia. While diet is 

x | the starting point in the management of 
primary hyperlipidemia, it is not always suc- 
cessful. As Zelis? points out: "Dietary control 
requires strong motivation and self-discipline 
that not every patient is able to exercise." 
And even under carefully monitored dietary 
regimens, lipid lowering may be inadequate. 
For these reasons, it is often necessary to add 
an antilipidemic agent such as ATROMID-S to 





Atromid-S (clofibrate) — tO help reduce 
elevated levels of cholesterol 

and/or triglycerides when diet alone 

is not enough Arromio-s as an adjunct to diet has a proved 


record of effectiveness in lowering elevations of both cholesterol and 
triglycerides. Lipid lowering is sustained as long as ATROMID-S treatment 
is uninterrupted. The drug is effective in a simple, well-accepted regimen 
that patients can stay with. Initial and maintenance dosage is 2 Gm. daily, 
in divided doses. Some patients may respond to a lower dosage. The 
lipid-lowering effect of ATROMID-S is usually noted during the first month 
of therapy. The higher the initial level, the greater the lipid reduction likely 
to occur. If response is inadequate after three months, the drug should be 
discontinued. However, if xanthoma tuberosum is present, treatment should 
be continued for longer periods (even up to one year), provided there is 
a reduction in the size and/or number of the xanthomas. 


Significantly lowers cholesterol and triglycerides in patients 
with elevated serum levels of both lipids? 


Mean values (mg.%) of Cholesterol MEE — ''iolycerides NIE a Gal 





106 100 106 
"HSERBRENEENNEREEHENENEREEUE 

Years 1 2 3 4 5 6 7 8 
No of patients 50 GNE 50 49 32 
42 See 42 42 29 


- Significantly lowers elevated serum cholesterol levels in patients 
with normal triglyceride values (<150 mg./100 ml.)? 





Mean value (mg.%) of Cholesterol MENNENENNN 


Years 1 2 3 4 5 6 7 8 


No. of patients 8 EBENEN 8 7 3 


Adapted from Berkowitz, D.’ 


IF GIVEN IN CONJUNCTION WITH ANTICOAGULANTS 
WARNING: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN 
CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT SHOULD BE 


REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 
THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICA- 
TIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 





produce significant reductions in serum lipids. 


Atromid-S (clofibrate) 
helps control the lipid factor 
in your patient’s profile 

= eg 


dosage: 2 Gm. daily (four 
capsules), in divided 
doses. Some patients may 


| 
Initial and maintenance 
respond to a lower dosage. 
| 


BRIEF SUMMARY 


(For tull prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 
Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as adjunctive therapy 
to diet and other measures for the reduction of elevated serum 
cholestero! (especially the beta lipoprotein fraction) and/or tri- 
glycerides. Clofibrate appears to have a greater depressant 
effect on the very low density lipoproteins (S¢ 20-400) rich in 
triglycerides than the low density lipoproteins (S: 0-20) rich in 
cholesterol. 

ATROMID-S is also indicated for treatment of patients with 
xanthoma tuberosum associated with hyperlipidemia. The skin 
lesions frequently regress with clofibrate 

It has not been established whether the drug-induced lowering 
of serum cholesterol or lipid levels has a detrimental, beneficial, 
or no effect on the morbidity or mortality due to atherosclerosis 
or coronary heart disease. Several years will be required before 
current investigations will yield an answer to this question. 


CONTRAINDICATIONS: Clofibrate is contraindicated in preg- 
nant women. While teratogenic studies have not demonstrated 
any effect attributable to clofibrate, it is known that serum of 
the rabbit fetus accumulates a higher concentration of clo- 
fibrate than that found in maternal serum, and it is possible 
that the fetus may not have developed the enzyme system 
required for the excretion of clofibrate. 


It is contraindicated in lactating women since it is not known 
if clofibrate is secreted in the milk. 


It is contraindicated in patients with clinically significant 
hepatic or renal dysfunction. 

It is contraindicated in patients with primary biliary cirrhosis 
since it may raise the already elevated cholesterol in these 
cases, 
WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTI- 
COAGULANTS ARE GIVEN IN CONJUNCTION WITH 
ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUGED USUALLY BY ONE-HALF (DEPEND- 
ING ON THE INDIVIDUAL CASE) TO MAINTAIN THE PRO- 
THROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN 
DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL 
HAS BEEN STABILIZED. 

Strict birth contro! procedures must be exercised by women 
if. childbearing potential. In patients who plan to become 
pregnant, clofibrate should be withdrawn- several months 
before conception. Because of the possibility of pregnancy 
occurring despite birth. control precautions in patients taking 
clofibrate, the possible benefits of the drug to the patient 
must be weighed against possible hazards to the fetus. 


PRECAUTIONS: Before instituting therapy with clofibrate, 
attempts should be made to contro! serum lipids with appro- 
priate dietary regimens, weight loss in obese patients, control 
oi diabetes mellitus, etc 

Because of the long term administration of a drug of this nature 
adequate base line studies should be performed to determine 
that the patient has significantly elevated serum lipid levels. 
Frequent determinations of serum lipids should be obtained dur- 
ing the first few months of ATROMID-S administration, and 
periodic determinations thereafter. The drug should be with- 
drawn after three months if response is inadequate. However, in 
the case of xanthoma tuberosum, the drug should be employed 
for longer periods (even up to one year) provided that there is a 
reduction in the size and/or number of the xanthomata. 
Subsequent serum lipid determinations should be done to 
detect a paradoxical rise in serum cholesterol or triglyceride 
levels. Clofibrate will not alter the seasonal variations of serum 
cholesterol. peak elevations in midwinter and late summer anc 
decreases in fall and spring. If the drug is discontinued, the 
patient should be placed on an appropriate hypolipidemic diet 
and his serum lipids should be monitored until stabilized, as a 
rise in these values to or above the original base line may occur. 
During clofibrate therapy, frequent serum transaminase determi 
nations and other liver function tests should be performed since 
the drug may produce abnormalities in these parameters. These 


effects are usually reversible when the drug is discontinued. 
Hepatic biopsies are usually within normal limits. If the hepatic 
function tests steadily rise or show excessive abnormalities, 
the drug should be withdrawn. Therefore use with caution in 
those patients with a past history of jaundice or hepatic disease 


Clofibrate may produce “flu like” symptoms (muscular aching, 
soreness, cramping). The physician should differentiate this 
from actual viral and/or bacterial disease. 


Use with caution in patients with peptic ulcer since reactivation 
has been reported. Whether this is drug-related is unknown 


Complete blood counts should be done periodically since ane- 
mia, and more frequently, leukopenia have been reported in 
patients who have been taking clofibrate 


Various cardiac arrhythmias have been reported with the use of 
clofibrate. 


Several investigators have observed in their studies that clofi- 
brate may produce a decrease in cholesterol linoleate but an 
increaSe in palmitoleate and oleate, the latter being considered 
atherogenic in experimental animals, The significance of this 
finding is unknown at this time. 


ADVERSE REACTIONS: Of the pertinent reactions, the most 
common is nausea. Less frequently encountered gastrointesti- 
nal reactions are vomiting, loose stools, dyspepsia, flatulence, 
and abdominal distress. Reactions reported less often than 
gastrointestinal ones are headache, dizziness, and fatigue; 
muscle cramping, aching, and weakness; skin rash, urticaria, 
and pruritus; dry brittle hair; and alopecia, 


The following reported adverse reactions are listed alphabeti- 
cally by Systems: 
Cardiovascular 
Increased or decreased angina 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 
Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 
Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal dis- 
tress) 
Hepatomegaly (not associated with hepatotoxicity) 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
Impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by 
dysuria, hematuria, proteinuria, decreased urine output. 
One patient's renal biopsy suggested “allergic reaction.’ 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness 
"Flu like” symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased trans- 
aminase (SGOT and SGPT), BSP retention, and increased 
thymo! turbidity 
Proteinuria 
Increased creatine phosphokinase 
Reported adverse reactions whose direct relationship with the 
drug has not been established: peptic ulcer, gastrointestinal 
hemorrhage, rheumatoid arthritis, tremors, increased perspira- 
tion, systemic lupus erythematosus, blurred vision, gynecomas 
tia, thrombocytopenic purpura 
DOSAGE AND ADMINISTRATION: /nitial: The recommended 
dosage for adults is 2 Gm. daily, in divided doses. Some 
patients may respond to a lower dosage. 
Maintenance: Same as for initial dosage. 
Note: In children, insufficient studies have been done to show 
safety and efficacy 
DRUG INTERACTIONS: Caution should be exercised when 
anticoagulants are given in conjunction with ATROMID-S 
(clofibrate). The dosage of the anticoagulant should be 
reduced usually by one-half (depending on the individual case) 
to maintain the prothrombin time at the desired level to pre- 
vent bleeding complications. Frequent prothrombin determina 
tions are advisable unti! it has been definitely determined that 
the prothrombin level has been stabilized 
MANAGEMENT OF OVERDOSAGE: While there has been no 
reported case of overdosage, should it occur, symptomatic sup 
portive measures should be taken. 
HOW SUPPLIED: ATROMID-S—Nc. 243—Each capsule con- 
tains 500 mg. clofibrate, in bottles of 100. 


References: 1. Scheig, R.: Conn. Med. 39:71 (Feb.) 1975 
2. Zelis, R.: Clinical Focus on Hyperlipidemia: Detection and 
Diagnosis, Ayerst Laboratories, 1975, p. 8. 3. Berkowitz, D.: 
J.A.M.A. 218:1002 (Nov. 15) 1971 
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We ask questions before any of our instrumentation gets to the drawing board. — 
Because knowing what you need is the most important part of designing what you can use. X 

Our Cardioguard 4000, for example. You wanted a system for stress testing and resting ECG 
your office could use and afford. So the 4000 is compact, mobile, and simple to operate. And with 
the Exerstress® Display Memory Scope, ST Segment Computer, and one of our low-cost treadmills, 
you get a complete, automatic 3-channel system for a lot less than you might expect to pay. 

The 4000 automatically produces 12-lead ECGs on a letter-size, chart-ready format. With simple, 
push-button controls, you can pre-select—any standard lead group, an XYZ lead group, plus your 
choice of a monitor lead group. And you can change any lead group anytime during the procedure. 

The Exerstress Display has a 5-second memory for immediate chart documentation of observed : 
abnormalities. ECG Traces, Elapsed Time, Heart Rate, and the optional ST Level Display all appear 
on the bright, non-fade, memory scope. 

Like all Del Mar Avionics Systems, the 4000 is backed by an extensive service and supply network 
throughout the country. For more information or a demonstration, write Del Mar Avionics, | 
1601 Alton Avenue, Irvine, California 92714. Or just call any sales office listed below. 

Together, your ideas and our ideas built the 4000. An economical, reliable, yet state-of-the-art | 
approach to office and private practice stress testing as well as resting electrocardiograms. j 


Which is the very reason we ask questions before ag ER build answers 


ATLANTA (404) 432-0612 * BALTIMORE (301) 265-1320 * BOSTON (203) 327-7294 * CHICAGO (312) 956-6520 * DENVER (303) 344-5101 
DETROIT (313) 559-6863 + HOUSTON (713) 626-2320 * IRVINE (Home Office) (714) 549-1500 * LOS ANGELES (213) 640-2282 

MIAMI (305) 981-0405 * NEW YORK (203) 327-7294 * SAN FRANCISCO (415) 349-9102 * ST. LOUIS (314) 739-8151 * 

EUROPE (Brussels, Belgium) 720-7405 Telex 617-91 


DEL MAR AVIONICS 


A reminder 


LANOXIN 


(digoxin) 
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0.125 mg 0.25 mg 0.5 mg 
yellow white green 
imprinted imprinted & scored imprinted & scored 


Complete literature available on request from Professional Services Dept. PML 
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VOLUME 39 
CLINICAL STUDIES 
Preoperative Predictors of Operative Mortality for Coronary 
Bypass Grafting in Patients With Unstable Angina Pectoris 
JOHN C. WILES, MD Preoperative risk factors for operative mortality were studied in 124 
PETER N. PEDUZZI, PhD consecutive patients undergoing coronary bypass surgery for unstable 
GRAEME L. HAMMOND, MD angina pectoris. Of the 124 patients, 53 responded to maximal medical 


LAWRENCE S. COHEN, MD, FACC 


ithi i A) and 71 continued to 
RENE A. LANGOU, MD therapy within 48 hours after admission (Group A) and 71 continue 


have typical angina pectoris despite medical therapy (Group B). Of the 
New Haven, Connecticut 124 patients, 37 had hypertension, 77 had triple vessel coronary artery 
disease, 16 had left main coronary artery disease and all except 15 were 
receiving propranolol therapy. 

The operative mortality rate was 4.8 percent (6 of 124) for the entire 
group. The factors that significantly increased operative mortality were 
failure of in-hospital maximal medical therapy (8.5 percent, 6 of 71), 
hypertension (13.5 percent, 5 of 37) and triple vessel disease (7.8 percent, 
6 of 77). To predict more accurately the outcome of individual patients, 
combinations of two and three risk factors were examined to determine 
interdependent variables that might influence operative mortality. The 
combination of failure to respond to medical therapy, hypertension and 
three vessel disease yield an operative mortality rate of 41.7 percent (5 
of 12). If only two of these interdependent risk factors existed, the oper- 
ative mortality rate was 1.9 percent (1 of 54), and the presence of only 
one or no risk factors resulted in no mortality (0 of 58). 

Failure to respond to in-hospital maximal medical therapy, hypertension 
and three vessel disease are potent risk factors in patients undergoing 
coronary bypass grafting and allow effective prediction of operative 
mortality for this procedure in patients with unstable angina pectoris. 


Patients with unstable angina pectoris present a difficult therapeutic 
problem because they often require urgent medical or surgical treatment. 
A variety of medical interventions have been utilized including beta- 
adrenergic blockade with propranolol,! counterpulsation and emergency 
revascularization.? Ideally, therapy for these patients should relieve 
anginal symptoms and increase life expectancy. Coronary bypass surgery 


Eraiiheibeoadininis Of Medicine and Surely. is often successful in relieving angina pectoris but some morbidity and 


Yale University School of Medicine, New Haven. mortality are associated with the operation. | 
Connecticut. Manuscript received September 28, Factors associated with operative mortality were analyzed in 124 
1976; revised manuscript received December 20, consecutive patients with unstable angina undergoing coronary bypass 
Áo i sedet 20, 4 A ie surgery at Yale-New Haven Hospital from January 1974 to June 1975. 

Pe ee re ee A D ton Data were collected on each patient and analyzed to select those factors 
Cardiology Section, Yale University School of 1 3 T e Sod 
Medicine, 333 Cedar Street, 87 LMP, New Haven, present preoperatively that could predict operative survival of individual 
Connecticut 065 10. patients. 
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Material and Methods 


Patients: From January 1974 to June 1975, a total of 124 
consecutive patients underwent coronary artery bypass 
srafting for treatment of unstable angina pectoris, defined in 
this study as a clinical syndrome characterized by increasing 
frequency or severity, or both, of anginal episodes, usually 
requiring emergency hospitalization in patients with preex- 
isting chronic angina pectoris. In every case the diagnosis was 
made when all of the following criteria were met: (1) prolonged 
typical anginal pain (longer than 20 minutes); (2) typical an- 
zinal pain occurring at rest or with minimal exertion; (3) pain 
not completely relieved with nitroglycerin; and (4) failure to 
document an acute myocardial infarction in serial electro- 
cardiograms and cardiac enzyme determinations. After ad- 
mission to the hospital, all 124 patients were given maximal 
medical therapy including bed rest and administration of long- 
nd short-acting nitrates and large doses of propranolol (In- 
deral®). 

Group A included 53 patients (43 percent) who responded 
to medical therapy within 48 hours of admission to the hos- 
pital. They were free of pain at rest but they remained in New 


York Heart Association functional class III and were therefore . 


considered candidates for surgery. Group B included 71 pa- 
tients (57 percent) who continued to have severe typical an- 
gina at rest for more than 48 hours after admission to the 
coronary care unit despite maximal medical therapy. An in- 
traaortic balloon pump was placed in 26 of these 71 patients 
before cardiac catheterization and operation in order to sta- 
bilize their symptoms. Further analysis of these 71 patients 
revealed two subgroups; the first consisted of 44 patients who 
had no electrocardiographic changes during typical anginal 
attacks and the second included 27 patients who had transient 
ST-T wave changes associated with chest pain. 

Cardiac catheterization: This procedure was performed 
an average of 10 days (range 8 to 18) after admission in Group 
A patients and an average of 5 days (range 3 to 10) after ad- 
mission in Group B patients. Diagnostic procedures consisted 
of pressure measurements, cardiac output determination, 
single plane ventriculogram and selective coronary arteriog- 
raphy, all performed with standard techniques. Coronary 
arterial lesions of more than 70 percent narrowing of luminal 
diameter were classified as significant. Coronary artery disease 
was classified as one, two or three vessel disease. Left main 
coronary artery disease was considered equivalent to disease 


TABLE | 


Demographic Characteristics: (Clinical Factors from 
Medical History and Physical Examination) 








Patients Patients With 
Studied Factor 
(no.) no. % 
Peripheral vascular disease 122 18 14.8 
Diabetes 122 21 37.2 
Lipid abnormality 111 37 33.3 
Family history 117 80 68.4 
Hypertension 124 37 29.8 
Obesity 121 70 57.9 
Smoking status 
Never smoked 123 23 18.7 
Former smoker 123 47 38.2 
Smoker 123 53 43.1 
Old myocardial infarction 124 65 52.4 
Congestive heart failure 124 20 16.1 
Propranolol therapy 
None 124 15 12.1 
« 160 mg daily 124 35 28.2 
2160 mg daily 124 74 59.7 





"ACTORS PREDICTING RISK OF CORONARY SURGERY—WILES ET AL. — 
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of the proximal left anterior descending and proximal left 
circumflex arteries. Single plane right anterior oblique left 
ventriculograms were analyzed for the presence of mitral re- 
gurgitation and for calculation of ejection fraction according 
to the single plane method of Greene et al.* 

Coronary arterial surgery: This surgery was performed 
within 1 week after angiography in most patients and within 
2 weeks in all patients. The dose of propranolol was gradually 
reduced before operation and the drug was finally discontin- 
ued 24 hours before operation. 

Coronary bypass grafts were performed using saphenous 
vein grafts for the right and left circumflex coronary arteries 
and, whenever possible, left internal mammary artery grafts 
for the left anterior descending coronary artery. Dissection 
of the left internal mammary artery from the chest wall and 


proximal anastomoses of saphenous vein grafts were both | 
accomplished without cardiopulmonary bypass. Side-biting - 


clamps were employed for proximal anastomosis of saphenous 
veins to the aorta. Distal anastomoses were performed under 
full cardiopulmonary bypass with the heart in ventricular fi- 
brillation, and aortic cross-clamping was used only when a dry 
field could not be obtained by local occlusion of the coronary 
artery. Myocardial revascularization was considered “in- 
complete" if grafts were not placed in every diseased coronary 
branch. For example, the circumflex atrioventricular groove 
artery was never grafted for technical reasons. In addition, the 
intraoperative decision was frequently made not to graft either 
small diagonal branches or multiple small circumflex marginal 
vessels. 

In 113 patients the duration of cardiopulmonary bypass was 
120 minutes or longer and 55 patients received complete re- 
vascularization. Single grafts were placed in 22 patients, 
double grafts in 58 and triple grafts in 38. 

Operative mortality included all in-hospital deaths and 
deaths up to 6 weeks postoperatively. Perioperative myocar- 
dial infarction was diagnosed if serial electrocardiograms re- 
vealed evidence of myocardial necrosis within 1 week post- 
operatively. All patients had standard 12 lead electrocardio- 
grams taken within 24 hours before operation and serial 
tracings after operation, with the first taken immediately upon 
arrival in the surgical intensive care unit. The electrocardio- 
graphic diagnosis of acute myocardial infarction was based 
only on the development of significant abnormal Q waves.” 
The appearance of new intraventricular conduction defects, 
increasing size of previous Q waves and S-T segment or T wave 
changes without new abnormal Q waves were not considered 
evidence of myocardial infarction. 

Statistical analysis: A contingency table chi-square test? 
was used to examine each of the study factors in relation to 
the outcome variables. From this analysis those risk factors 
associated with each dependent variable could be determined. 
Factors relating to surgical mortality were not necessarily 
independent influences but they initially were examined 
singly and then in combinations of two and three. Statistical 
significance was attributed to a probability (P) value of less 
than 0.05. 

When information on some preoperative clinical charac- 
teristic of a patient was not available, that patient was re- 
moved from the analysis of that variable. 


Demographic Characteristics 


Clinical factors (Table I): The average age of the patients 
in this series was 55 years (range 37 to 76 years); 96 (77 per- 
cent) were male and 28 (23 percent) were female. Associated 
peripheral vascular disease was present in 18 patients (14.8 
percent); diabetes mellitus in 21 (17.2 percent); lipid abnor- 
mality (elevated serum cholesterol or triglycerides) in 27 (33.3 
percent); family history of ischemic heart disease (angina or 
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TABLE II 


Demographic Characteristics: Factors Obtained From 
Chest X-ray and Cardiac Catheterization Studies in 
124 Patients With Unstable Angina Pectoris 


Patients With Factor 


no. 96 

Cardiac enlargement 25 20.2 
LVEDP (mm Hg) 

«12 71 57.3 

13—17 29 23.4 

>18 24 19.4 
Ejection fraction 

>0.60 79 63.7 

0.30—0.59 44 35.5 

<0.30 : 1 0.8 
Mitral insufficiency 17 13.7 
Number of coronary vessels diseased 

One 15 12.1 

Two 32 25.8 

Three 77 62.1 
Left main coronary artery disease 16 12.9 


LVEDP = left ventricular end-diastolic pressure. 


myocardial infarction, or both) in 80 (68.4 percent); hyper- 
tension (chronic elevation of diastolic blood pressure over 95 
mm Hg) in 37 (29.8 percent); and obesity (10 percent over ideal 
weight) in 80 (57.9 percent) patients. Sixty-five patients (52.4 
percent) had old myocardial infarction; 20 (16.1 percent) had 
congestive heart failure and only 15 (12.1 percent) had not 
received propranolol therapy. 

X-ray and catheterization factors (Table II): Cardiac 
enlargement (cardiothoracic ratio more than 50 percent) was 
present in 25 patients (20.2 percent); normal left ventricular 
end-diastolic pressure (12 mm Hg or less) in 71 (57.3 percent); 
normal ejection fraction (60 percent or more) in 79 (63.7 per- 
cent); and mitral regurgitation in 17 (13.7 percent). Coronary 
cinearteriography revealed 15 patients (12.1 percent) with 
single vessel disease, 32 (25.8 percent) with double vessel 
disease and 77 (62.1 percent) with triple vessel disease. Left 
main coronary artery disease was documented in 16 patients 
(12.9 percent). 


Results 


Preoperative risk factors: The overall operative 
mortality rate for the 124 patients was 4.8 percent. 
Three factors appeared to be related to operative mor- 
tality: lack of clinical response to medical therapy, hy- 
pertension and extent of coronary artery disease (Table 
III). The 53 patients (Group A) who responded to 
medical therapy had no mortality, whereas the 71 pa- 
tients (Group B) who continued to have angina pectoris 
despite vigorous medical management had a mortality 
rate of 8.5 percent (6 of 71) (P «0.03). The average dose 
of propranolol was 160 + 30 mg (standard error of the 
mean) daily in Group A and 240 + 40 mg in Group B. 
These values did not differ statistically. Patients with 
hypertension had a significantly higher operative 
mortality rate (13.5 percent, 5 of 37) than patients 
without hypertension (1.2 percent, 1 of 87) (P «0.003). 
Patients with three vessel disease had a significantly 
higher operative mortality rate (7.8 percent, 6 of 77) 
than those with two or one vessel disease (0 percent, 0 
of 47) (P «0.05). Patients with left main coronary artery 
disease had a higher mortality rate than those without 
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TABLE lil 
Operative Mortality According to Various Factors 
in 124 Patients With Unstable Angina Pectoris ‘ 
Patients (no.) Mortality 
With- With- : 
With out With out Chi Square Test 
Factor Factor Factor Factor x? P 
Failure to 71 53 8.5 0 4.707 <0.03 
respond to 
medical 
treatment 
Hypertension 37 87 13.5 1 8.619 <0.003 
3-vessel 77 47 TE 0 3.849 «0.05 
disease B 
Left main 16 108 25.0 1.9 11.579* «0.0007 
coronary 
disease 
ECG changes 27 44 14.8 4.5 2.27 NS 
during pain 


* Yate's corrected chi square test (x! ,). 
ECG = electrocardiographic; NS = not significant; P = probability. 


such disease (25 versus 1.9 percent, P <0.0007). The 4.5 
percent mortality rate for the 44 patients in Group B 


3 


who had no electrocardiographic changes with chest. | 


pain was not significantly different from the 14.8 per- 


cent mortality of 27 patients in the same group who did | 


show transient ST-T wave changes with chest pain. 

There were no deaths due to cardiac catheterization 
and no patient who was offered surgery died or had a 
myocardial infarction while awaiting operation. Anal- 
ysis of other probable preoperative risk factors for op- 
erative mortality with use of contingency table chi- 
square analysis showed that operative mortality was not 
related to age, sex, peripheral vascular disease, diabetes 
mellitus, lipid abnormality, obesity, familial history of 
ischemic heart disease, smoking habits, previous myo- 
cardial infarction, history of congestive heart failure, 
heart size, left ventricular end-diastolic pressure, ejec- 
tion fraction or mitral regurgitation. 

Operative risk factors: Analysis of possible opera- 
tive risk factors showed that operative mortality was not 
related to completeness of revascularization or to the 
number of grafts performed. The operative mortality 
rate for patients with complete revascularization was 
2.9 percent (2 of 69) and for those with incomplete re- 
vascularization 7.3 percent (4 of 55). Patients receiving 
one graft had an operative mortality of 0 percent (0 of 
22), two grafts of 5 percent (3 of 58) and three or more 
grafts of 7 percent (3 of 38). 

Combinations of risk factors: To predict more ac- 
curately operative mortality in individual patients, 
combinations of two and three risk factors were exam- 
ined (Table IV). The combination of failure to respond 
to medical therapy (Group B patients), hypertension 
and three vessel coronary artery disease resulted in an 
operative mortality rate of 41.7 percent (5 of 12). If only 
two of these risk factors existed, the operative mortality 
rate was 1.9 percent (1 of 54), and the presence of only 
one or no risk factors resulted in no mortality (0 of 58). 
The distribution of operative mortality in the 124 pa- 
tients according to all possible permutations among 
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TABLE IV 


Operative Mortality Rate in 124 Patients With Unstable 
Angiga Pectoris, Classified by Combination of 
Three Interdependent Factors 


Deaths 
Patients 
(no.) no. 96 - 
Patients with 3 factors" 12 5 41.7 
Patients with 2 factors 54 1 1.9 
Patients with 1 or no factors 58 0 0 
All patients 124 6 4.8. 


* Failure of medical therapy, hypertension, 3 vessel coronary 
artery disease. 
Y ate's corrected chi-square test. 
x? = 39.342; (P <0.001) 


combinations of these three risk factors is summarized 
in Table V. 

'Twenty-two patients (18 percent) had a myocardial 
infarction within 1 week postoperatively, and three 
patients (13.6 percent) within this group died. 


Discussion 


Since the original description of impending acute 
coronary arterial occlusion,^? several names have been 
applied to this syndrome. The most common found are 
preinfarction angina,?!? intermediate coronary syn- 
drome,!! unstable angina,!? acute coronary insuffi- 
ciency!’ and accelerated angina pectoris.!^ However, we 
still lack objective definitions that will allow classifi- 
cation of patients with this syndrome into homogeneous 
groups. The need for such objective definitions has re- 
cently been emphasized.!? The specific treatment for 
unstable angina pectoris still is controversial. Consid- 
erable discrepancies in early and late mortality rates 
have been reported in medically and surgically treated 
series. Such discrepancies may be partly related to the 
inclusion in some studies of patients with different 
clinical presentations. 

This study examines the particular preoperative 
factors that affect operative mortality. Clinical, ana- 
tomic and hemodynamic characteristics of the study 
population were analyzed. The overall mortality rate 
of 4.8 percent is comparable with that reported from 
several recent surgical series (0 to 22 percent).?:19-?! 
Three preoperative factors were found to be signifi- 
cantly associated with operative mortality: (1) the pa- 
tients response to in-hospital maximal medical therapy; 
(2) hypertension; and (3) extent of coronary athero- 
sclerosis. 

Influence of response to medical therapy: Most 
physicians agree that bypass grafts are indicated in 
patients with unstable angina pectoris, particularly 
when it is superimposed on a history of severe chronic 
angina. There is some difference in opinion concerning 
the most appropriate timing of the operation.??? Our 
study appears to indicate that patients whose condition 
stabilized with medical therapy had a better surgical 
prognosis than those who did not. The 53 patients who 
responded favorably to maximal medical therapy had 
no operative mortality compared with the significantly 
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TABLE V 


Possible Permutations in the Combination of Response to 
Medical Therapy, Hypertension and 
Three Vessel Coronary Artery Disease 


Patients Operative 
Permutations (no.) Mortality (96) 
A, HBP+, 3V— 3 0 
A, HBP—, 3V— 17 0 
A, HBP+, 3V+ 10 0 
A, HBP—, 3V+ 23 0 
B, HBP+, 3V— 12 0 
B, HBP—, 3V— 15 0 
B, HBP+, 3V+ 12 41.7 
B, HBP—, 3V+ 32 3.1 
Total 124 4.8 


A = group with response to medical therapy; B = group without 
response to medical therapy; HBP+ = hypertension; HBP— = no 
hypertension; 3V+ = three vessel disease; 3V— = no three vessel 
disease. 


higher rate of 8.5 percent of the other 71 patients who 
continued to have typical anginal pain despite adequate 
medical management. 

Further analysis of the nonresponders to medical 
therapy (Group B) revealed that transient electrocar- 
diographic changes associated with typical anginal at- 
tacks did not further increase their operative mortali- 
ty. 
Influence of hypertension: Hypertension is a risk 
factor for operative mortality. Patients with hyper- 
tension had an operative mortality rate of 13.5 percent 
compared with 1.2 percent for those without hyper- 
tension. The reasons for this increased risk are unclear. 
Perhaps left ventricular hypertrophy in hypertensive 
patients influences the response to circulatory bypass. 
Of note, hypertension alone did not affect mortality; its 
effects were manifested only when it was associated with 
other risk factors. 

Influence of extent of coronary disease: The 
mortality rate of 7.8 percent for patients with triple 
vessel disease versus no mortality with only single or 
double vessel disease confirms that extent of coronary 
disease is a major risk factor. Several studies of patients 
with chronic stable angina pectoris???^ have indicated 
a correlation between the number of vessels involved 
and operative mortality. However, there is no available 
report concerning its influence in patients with unstable 
angina pectoris. 

Left main coronary artery disease: Several other 
studies?5-?7 have shown that this disease is associated 
with increased operative mortality. In our study it was 
a major risk factor for patients with unstable angina 
pectoris (mortality rate 25 percent). However, all four 
patients with left main coronary artery disease in our 
series also had right coronary disease. Therefore, al- 
though four of the six deaths occurred in patients with 
left main coronary disease, all six patients had three 
vessel disease. 

Combination of risk factors: When the risk factors 
were analyzed in combination to study their interde- 
pendence, the number of vessels involved with coronary 
disease did not seem to contribute to operative mor- 
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tality except in combination with chronic hypertension 
and failure to respond to medical therapy. Twenty-three 
patients with three vessel disease but without either 
hypertension or lack of response to therapy had no op- 
erative mortality. These data are somewhat puzzling 
and must await confirmation in larger series. It is clear 
that the combination of three vessel disease, failure to 
respond to therapy and hypertension identifies most 
clearly the high risk patient for coronary surgery (mor- 
tality rate 41.7 percent [5 of 12]). 

Perioperative myocardial infarction: The inci- 
dence in this series of patients with unstable angina was 
18 percent with a mortality rate of 13.6 percent. These 
data are comparable with rates published by several 
other centers.9,7.22 

Cardiac catheterization-related mortality: There 
were no deaths related to cardiac catheterization, even 
though the patients studied are a higher risk group for 
diagnostic coronary arteriography?? than patients with 
stable angina. The patients underwent catheterization 
8 to 18 days (mean 10) after admission in the group that 
responded favorably to medical therapy (Group A) and 
between 3 to 10 days (mean 5) after admission in the 
group that did not respond to maximal medical therapy 
(Group B). In the latter group, 26 patients required 
intraaortic balloon counterpulsation to stabilize 
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symptoms before cardiac catheterization. It is suggested 
that this precatheterization protocol may have reduced 
the risk of cardiac catheterization. : 

Clinical implications: Our observations suggest the 
following clinical conclusions: (1) Patients with unstable 
angina who obtain symptomatic improvement with 
maximal medical therapy in the coronary care unit will 
have a low operative mortality rate. (2) Patients with 
unstable angina who do not obtain symptomatic relief 
on a medical program have a significantly higher mor- 
tality rate, even in the absence of transient electrocar- 
diographic changes during typical anginal pain. (3) 
Failure of in-hospital medical therapy, hypertension 
and triple vessel disease are risk factors in patients with 
unstable angina undergoing coronary bypass grafts. (4) 
The combination of these three interdependent risk. 
factors (associated with a 41 percent operative mortality 
rate) allows effective prediction of operative mortality 
in patients with unstable angina pectoris. Recognition 
of such high risk surgical patients may permit even safer 
management during the preoperative period. 
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The ability to predict reversibility of ventricular dysfunction should be 
important in determining operability. This study examined the usefulness 
of postextrasystolic potentiation as such a predictor. Left ventricular wall 
motion was studied using cineventriculography in 31 patients before and 
after revascularization surgery. Preoperative ejection fraction and wall 
motion were analyzed during a sinus beat and after a random ventricular 
extrasystole, whereas postoperative ejection fraction and wall motion 
were examined only during a sinus beat. Changes in ventricular motion 
were correlated with changes in vascular supply achieved by operation. 
Of the 7 patients whose ejection fraction was improved postoperatively, 
6 had shown postextrasystolic potentiation compared with only 10 of the 
24 patients without such improvement (P <0.05). Regional wall motion 
analysis also showed a significant association between postextrasystolic 
potentiation and postoperative improvement in wall motion. Of 26 zones 
judged to have an increased vascular supply after operation, 11 showed 
increased motion postoperatively. All 11 had shown postextrasystolic 
potentiation, compared with only 5 of 15 zones with increased vascular 
supply but without increased postoperative motion (P <0.001). Thus, 
postextrasystolic potentiation seems to be a useful predictor of the ability 
of asynergic myocardium to respond to successful revascularization 
surgery. 


Left ventricular asynergy is commonly seen in patients with coronary 
artery disease.!-? It has been postulated that the presence of scar tissue 
resulting from infarction may in some cases be responsible for the ab- 
normality of motion.'? However, significant abnormality of left ven- 
tricular wall motion may also occur in patients without infarction, pre- 
sumably because of regional ischemia.* In support of this hypothesis 
is the possible production or exaggeration of left ventricular asynergy 
by atrial pacing, presumably as a result of increasing myocardial oxygen 
demand and therefore inducing acute ischemia.^? Experimentally, 
myocardial ischemia produced by temporary coronary occlusion is 
consistently associated with akinesia or hypokinesia of the affected wall 
segments.9?.19 Recovery of normal motion of the hypoxic myocardium 
occurs if the occlusion is promptly relieved.?.!? Thus, in patients with 
coronary artery disease, partial or complete recovery of normal wall 
motion might be expected to follow relief of acute ischemia by direct 
revascularization using aortocoronary bypass surgery.? Evidence also 
exists that patients with stable angina and asynergy assumed to be due 
to chronic ischemia may have improved wall motion after successful 
revascularization.® Such recovery would not be expected to occur if the 
asynergy were due to areas of completely infarcted wall. 
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Preoperative identification of areas that are poten- 
tially recoverable is important. Extensive areas of 
asynergy may result in depressed left ventricular 
function (for example, decreased ejection fraction).? A 
low ejection fraction is currently an indicator of high 
operative risk.!! However, if the ejection fraction were 
decreased because of reversible ischemia, it might be an 
indication for operation rather than a contraindication. 
Furthermore, the ability to predict the possibility of 
reversing myocardial depression would allow assess- 
ment of the true potential benefit of the surgical pro- 
cedure. 

Previous studies in this laboratory!” have shown that 
in some areas of myocardium motion is improved in the 
systole after a premature ventricular contraction. Ad- 
ditionally, postextrasystolic potentiation is possible in 
areas of experimentally induced myocardial ischemia.!* 
In this study we examined the ability of wall motion 
response to identify areas of asynergic myocardium that 
could be improved by surgery. The preoperative re- 
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A = anterior wall; C = closed; G = grafted; | = inferior wall; LAD = 
left anterior» descending coronary artery; LCF = left circumflex ar- 
tery; Ml = myocardial infarction; NS = nonsurvivor; P = patent; 
Postop = postoperative; Preop = preoperative; RCA = right coronary 
artery; S = survivor; + = obstructive lesion of more than 75 percent 
of luminal diameter; O = absent. | 
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sponse to a ventricular premature beat was first ana- 
lyzed in asynergic areas of the left ventricle of patients 
with coronary artery disease who had undergone aor- 
tocoronary bypass surgery and then correlated with wall 
motion in the same areas postoperatively. 


Patients 


A total of 208 patients with coronary artery disease were 
treated for disabling angina with aortocoronary bypass pro- 
cedures between July 1970 and July 1972. Of these, 67 were 
evaluated with complete cardiac catheterization and angiog- 
raphy both before and after operation. All patients were 
restudied after operation to elucidate graft patency and 
changes in the native circulation, not because of any changes 
in symptoms. Careful review of the preoperative ventriculo- 
grams of these 67 patients yielded a group of 31 whose ven- 
triculograms included a single spontaneous premature ven- 
tricular contraction. This group was composed of 6 women and 


25 men whose ages ranged between 29 and 62 years (mean 51 ~ 


b. 
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years). At the time of initial cardiac catheterization, 10 pa- | 


tients had electrocardiographic evidence of transmural 
myocardial infarction (anterior in 5, inferior in 4 and both 
anterior and inferior in 1), but none of the infarctions had 
occurred within 6 months of the study. Seventeen patients 


were free of angina postoperatively. Twenty-one manifested _ 


improvement between pre- and postoperative studies of at 
least one New York Heart Association functional class; no 
patient's condition had worsened by even one class. The time 
interval between operation and postoperative catheterization 
ranged from 2 to 30 months (mean 13 months). Administra- 
tion of propranolol and long-acting nitrates had been dis- 
continued 24 to 48 hours before each catheterization to avoid 
effects upon hemodynamic and angiographic measurements. 
Table I presents the preoperative coronary angiographic 
findings, types of bypass surgery and the occurrence of both 
preoperative and postoperative myocardial infarction. Only 
coronary arterial obstructions of more than 75 percent of lu- 
minal diameter are noted. 





End- Diastole End - Systole 


End-Diastolic Chord — End-Systolic Chord 


x Percent Hemiaxis Shortening = 
nd- Diastolic Chor 


* Anterior Segment (LAD)= fF, E. f} 


* Inferior Segment (RCA)- i l; fc 


FIGURE 1. Method of regional motion analysis. Outlines of the left 
ventricle in the right anterior oblique position and formulas used to 
quantitate segmental motion. LAD = left anterior descending coronary 
artery; RCA - right coronary artery. 
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NORMAL POST - PVC POST - OP 
SINUS POTENTIATED SINUS 
BEAT BEAT BEAT 
" w 
END 
DIASTOLE 
END 
SYSTOLE 





POST-OP 
NSB 
EDV! 138 151 156 
ESVI 88 83 55 
SVI 50 68 101 
EF 36% 45% 65% 


FIGURE 2. Example of the ventriculographic analysis performed in a 
single patient. Some of the calculations made are listed below. EDVI 
= end-diastolic volume index (ml/m?); EF = ejection fraction; ESVI = 
3nd-systolic volume index (ml/m?); NSB = normal sinus beat; pPVC 
= after premature ventricular contraction; POST-OP = postoperative; 
?RE-OP = preoperative; PVC = premature ventricular contraction; SVI 
= stroke volume index (ml/m?). 


The preoperative angiograms of patients who died within 
6 months of operation were also reviewed. In seven of these 
patients single ventricular premature contractions were evi- 
dent in the ventriculogram. Table I also includes the angio- 
graphic and surgical data in this group (Cases 32 to 38). 


Methods 


Left ventriculography: Patients were studied with diag- 
nostic cardiac catheterization, left ventriculography and se- 
lective coronary arteriography. They were premedicated with 
Valium®, 5 mg, and Benedryl$, 50 mg, given orally. Arteriog- 
raphy was performed with either the Sones or Judkins tech- 
niques. Ventriculography was performed with the power in- 
jection of 36 to 45 ml of Renografin® contrast agent into the 
left ventricular cavity and rapid cine filming at either 60 or 
100 frames/sec. Quantitative assessment of left ventricular 
asynergy was determined from a single plane (30? right an- 
terior oblique) both before and after operation. Outlines of 
the ventricle were made from the film in both end-diastole and 
end-systole; these were corrected for magnification through 
use of a standard grid technique. Multiple hemiaxes were then 
drawn on these outlines in the fashion usual to this laboratory 
and already reported.? Figure 1 illustrates these hemiaxes. 
Percent changes in these hemiaxes during systole were de- 
termined from the end-diastolic and end-systolic frames. Left 
ventricular volumes were calculated using modifications of 
the area-length technique of Sandler and Dodge.!* From these 
volumes, ejection fraction was calculated (angiographic stroke 
volume divided by end-diastolic volume). 

Normal values: A group of 11 subjects evaluated for chest 
pain atypical for angina who were found to have no discernible 
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cardiovascular disease provide the basis for all normal values. 
In this group, the average ejection fraction was 0.68 + 0.07 
(standard deviation), the average anterior hemiaxis shortening 
was 51 + 4 percent and the average inferior hemiaxis short- 
ening was 38 + 4 percent. These values agree closely with 
previously published normal values.” Thus, for this study, an 
abnormal! ejection fraction is defined as one less than 0.50. 
Anterior wall hypokinesia was defined as 10 to 43 percent 
shortening and anterior akinesia as shortening of less than 10 
percent. For the inferior zone, hypokinesia was defined as 10 
to 30 percent shortening, and akinesia as less than 10 percent 
shortening. There were no instances of dyskinesia or frank 
aneurysm in any of the patients reported in this study. Hy- 
perkinesia of the anterior zone is defined as more than 59 
percent shortening; that of the inferior zone as more than 46 
percent. 

Postextrasystolic potentiation: These techniques were 
applied to a normal sinus beat in the preoperative ventricu- 
logram. The values obtained were compared with similar 
values for the beat following a single spontaneous premature 
ventricular contraction. Additionally, the values for the pre- 
operative normal sinus beat were also compared with the 
analysis of a normal sinus beat in the postoperative ventric- 
ulogram. One observer (D. B.) made all outlines, but these 
were reviewed by at least two of us. In these comparisons, 
postextrasystolic potentiation and postoperative change in 
the ejection fraction were defined as changes of 0.10 or more.!° 
Postextrasystolic potentiation and postoperative changes in 
regional motion were said to occur if the value changed by at 
least 10 percent.!© For example, hemiaxis shortening in- 
creasing from 20 to 30 percent was considered postextrasys- 
tolic potentiation whereas an increase of 20 to 25 percent was 
not. Figure 2 illustrates an example of the three beats analyzed 
in a typical patient. Experimental evidence suggests that the 
degree of postextrasystolic potentiation is greatest when the 
premature ventricular contraction is closest to the preceding 
R wave.!7-?? Thus, the intervals between preceding normal 
sinus beats and ventricular premature contractions were 
measured in all patients. These intervals were then corrected 
for rate by dividing by the square root of the normal sinus 
rhythm R-R interval. 

Effect of revascularization: For purposes of correlation 
with surgical changes in coronary vascular supply, the ven- 
tricle was divided into two zones: anterior, which encompassed 
hemiaxes R1,23, and inferior, which encompassed hemiaxes 
R456 (Fig. 1). The anterior zone is presumed to be the area 
affected by ischemia of the left anterior descending coronary 
artery, whereas the inferior zone would be affected by either 
the right or left circumflex coronary artery, depending upon 
anatomic dominance. Changes in regional motion were ana- 
lyzed both by averaging hemiaxes into anterior and inferior 
zones and by considering each hemiaxis alone. 

Selective coronary arteriography: The findings were 
analyzed both preoperatively and postoperatively. In the 
postoperative studies, both graft patency and the presence of 
progression of disease in the native vessels both proximal and 
distal to anastomoses were examined. The status of both graft 
patency and native vessel anatomy was then combined to yield 
a composite impression of the anatomic impact of surgery. For 
example, if the graft to the left anterior descending artery was 
patent and the artery itself showed no progression of disease 
distal to the anastomosis, the net effect of surgery upon the 
anterior zone was judged positive. On the other hand, if the 
graft was patent but there was total occlusion in the native 
vessel just distal to the anastomosis the net effect upon blood 
supply to that area was judged negative. Alternatively, if the 
graft was closed but there was no progression, surgery was 
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judged to have made no change in the vasculature of the an- 
terior zone. If the graft was closed and there was progression, 
surgery was judged to have had a negative effect. 

Finally, changes in ventricular motion occurring under the 
influence of postextrasystolic potentiation or surgery, or both, 
were correlated with the net surgical effect on the vasculature. 
This was done for the ventricle as a whole, for anterior and 
inferior zones as defined above and for individual hemiax- 
es. 


Results 


Postextrasystolic potentiation as a predictor of 
overall postoperative ventricular function: Table 
II lists the ejection fraction and its changes after an 
extrasystole and after operation for all surviving pa- 
tients. Also listed are the preoperative and postopera- 


. tive values for left ventricular end-diastolic pressure, 


heart rate, mean aortic pressure and left ventricular 
end-diastolic volume index. Finally, the net postoper- 
ative change in coronary arterial anatomy is tabulated. 


TABLE II 
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Ejection fractions with a normal sinus beat and after an 
extrasystole are listed for patients who died. 

To be certain that comparisons between preoperative 
and postoperative ejection fractions are valid, it is 
necessary that preload, afterload and heart rate are not 
appreciably different. There was no significant differ- 
ence between the average preoperative and postopera- 
tive values for mean aortic pressure (96 + 14 versus 100 
+ 15 mm Hg), average left ventricular end-diastolic 
pressure (13 + 6 versus 12 + 6 mm Hg), average heart 
rate (77 + 10 versus 79 + 12 beats/min) or average 
end-diastolic volume index (89 + 23 versus 84 + 19 
ml/m?). Furthermore, although there was a fair degree 
of variation between pre- and postoperative studies in 
all these indexes, there was no uniform direction of 
change. The postoperative ejection fraction was sig- 
nificantly lower than the preoperative one in only two 
cases (Patients 9 and 12). In both of these, changes in 
left ventricular end-diastolic pressure, heart rate, aortic 


Behavior of Ejection Fraction After an Extrasystole and After Operation; Pre- and Postoperative Modifying Factors of 


Ejection Fraction 





Heart Rate 
Ejection Fraction (beats/min) 
Case 
no. NSB PES Postop Preop Postop 
1 0.60 0.71 0.58 88 91 
2 0.84 0.86 0.85 100 100 
3 0.59 0.72 0.56 86 86 
4 0.65 0.77 0.71 77 — 
5 0.64 0.85 0.80 65 74 
6 0.85 0.83 0.87 79 75 
7 0.73 0.85 0.64 — 100 
8 0.68 0.77 0.66 82 90 
9 0.81 0.83 0.63 55 80 
10 0.76 0.83 0.72 70 62 
11 0.68 - 0.69 0.69 72 100 
12 0.71 0.73 0.46 82 80 
13 0.53 0.53 0.56 80 80 
14 0.67 0.74 0.62 80 70 
15 0.55 0.68 0.60 76 75 
16 0.47 0.49 0.63 — = 
17 0.81 0.84 0.83 88 72 
18 0.64 0.82 0.58 87 85 
19 0.78 0.85 0.70 72 74 
20 0.63 0.74 0.74 94 78 
21 0.77 0.77 0.75 68 90 
22 0.74 0.85 0.74 73 73 
23 0.43 0.56 0.38 71 80 
24 0.50 0.67 0.64 79 75 
25 0.54 0.50 0.50 60 60 
26 0.39 0.52 0.70 88 90 
27 0.63 0.77 0.72 77 62 
28 0.66 0.73 0.64 64 85 
29 0.31 0.53 0.65 75 60 
30 0.45 0.52 0.66 81 — 
31 0.62 0.73 0.63 64 70 
32 0.34 0.39 Y * id 
33 0.08 0.10 * * * 
34 0.32 0.37 but k ? 
35 0.51 0.59 is * z 
36 0.52 0.62 : T ¥ 
37 0.32 0.42 x e 3 
38 0.33 0.39 * T 
Mean 0.58 0.66 0.66 77 79 
+0.17 +0.17 +0.11 +10 +42 
P value NS NS NS 


Mean Aortic Net Change in 
LVEDP (mm Hg) EDVI (ml/m?) Pressure (mm Hg) Vasculature 
Preop — Postop Preop Postop Preop Postop Postop 

24 20 57 71 94 124 = 
12 16 98 99 84 77 0 
14 13 76 77 100 97 -— 
4 8 71 83 87 86 + 
15 12 92 85 84 75 + 
15 18 86 98 125 110 — 
— 14 74 88 — — — 
21 22 119 112 120 130 * 
15 10 127 70 100 102 = 
11 8 97 128 95 82 0 
12 5 128 79 112 120 — 
13 10 91 88 100 92 — 
— — 54 55 — — 0 
17 15 127 103 85 80 — 
14 15 137 102 92 105 + 
27 19 120 70 110 110 + 
12 16 84 71 100 100 0 
9 9 104 108 118 110 + 
11 11 61 56 75 95 + 
8 7 69 75 120 110 + 
16 6 72 70 75 85 + 
5 14 77 72 92 120 + 
6 30 102 113 95 130 — 
14 10 85 60 80 105 + 
5 9 56 116 90 90 + 
7 4 102 87 82 84 + 
5 10 64 56 80 95 — 
20 6 86 76 100 100 — 
18 10 70 78 95 85 + 
7 8 89 73 84 110 + 
20 14 104 102 100 95 0 
13 12 89 84 96 100 

+6 +6 +23 +19 +14 +15 

NS NS NS 





EDVI = left ventricular end-diastolic volume index; LVEDP = left ventricular end-diastolic pressure; NS = not significant; NSB = normal sinus 
beat; P = probability; PES = postextrasystole; Postop = postoperative; Preop = preoperative; — = decreased postoperative vasculature; + = in: 
creased postoperative vasculature; 0 = no change in postoperative vasculature. 
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NOT IMPROVED 


POST-OP COMPARED WITH PRE-OP 


"IGURE 3. Comparison of the occurrence of preoperative (PRE-OP) 
dostextrasystolic potentiation (PESP) of the ejection fraction in ventricles 
with and without postoperative (POST-OP) improvement of the ejection 
raction. Chi-square analysis. n — number of patients; p — probabili- 
y. | 


oressure and end-diastolic volume index do not explain 
he changes in ejection fraction but both had decreased 
vasculature after surgery. There are also no instances 
n which a significant increase in the postoperative 
jection fraction can be explained by a significant 
'hange in any of these variables. Finally, none of these 
rariables was significantly different in those with im- 
»roved postoperative contraction and those without. 
The mean rate-corrected interval between the pre- 
perative normal sinus beat and the following prema- 
ure ventricular contraction was 540 + 80 msec (range 
140 to 800). Of the eight patients with an interval of less 
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CHANGE POSTOP SINUS BEAT 
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CHANGE PREOP POSTEXTRASYSTOLE 
COMPARED TO PREOP SINUS BEAT 


FIGURE 4. Correlation of changes in ejection fraction after an extra- 
systole (PREOP) and after revascularization surgery (POSTOP). n — 
number of patients; p — probability. 


than 500 msec, three showed postextrasystolic poten- 
tiation. Of the remaining 23 patients with an interval 
longer than 500 msec, 13 showed postextrasystolic po- 
tentiation. This is not a significant difference in ability 
to potentiate based only upon relative timing of the 
ventricular premature beat. 

Figure 3 compares patients with an improved post- 
operative ejection fraction with those without im- 
provement. Six of 7 with improvement had shown 


ZONES WITHOUT PESP 











OPERATIVE POSTOP 
CHANGE IN MOTION 
VASCULATURE ANALYSIS 


FIGURE 5. Behavior of zones during 
control sinus beat and postopera- 
tively (POSTOP) as influenced by 
the presence (left panel) or ab- 
sence (right panel) of postex- 
trasystolic potentiation (PESP) and 
net operative changes in vascula- 
ture. Only zones having operative 
revascularization are shown. 
Heavier lines denote groups of 
special interest discussed in the 
text. PREOP = preoperative. 
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postextrasystolic potentiation, compared with 10 of the 
24 without improvement. This difference was significant 
(P <0.05). All seven patients with a postoperative im- 
provement in ejection fraction also had a net operative 
improvement in vasculature. However, eight other pa- 
tients had surgically improved vasculature but no 
postoperative increase in ejection fraction; four of these 
had shown postextrasystolic potentiation. Thus, 6 of 10 
patients having postextrasystolic potentiation and 
operatively improved vasculature had an improved 
postoperative ejection fraction compared with only 1 
of five with improved vasculature but no postex- 
trasystolic potentiation. Although quadratic analysis 
of postextrasystolic change versus postoperative change 
in ejection fraction (Fig. 4) yields a product moment 
correlation coefficient of only 0.551, this r factor is sig- 
nificantly different from 0 (P <0.01). 

Postextrasystolic potentiation as a predictor of 
postoperative regional ventricular motion: Table 
III lists motion analysis for the anterior and inferior 
zones of all 31 surviving patients. Motion is analyzed in 
the control (normal sinus beat) state, after an extra- 
systole and postoperatively (normal sinus beat). In 
addition, the operative change in the regional vascula- 
ture is listed. 
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ergic zones showed postextrasystolic potentiation. 
Hypokinesia accounted for 20 of the 29 asynergic zones, 
and 14 of these exhibited postextrasystolic potentiation. 
Twelve of these 14 became normal; 2 were simply less 
hypokinetic. There were nine akinetic zones: five be- 
came hypokinetic with postextrasystolic potentiation; 
four did not improve. No dyskinetic zones were seen in 
these patients. Seven of the 33 normally contracting 
zones showed postextrasystolic potentiation. No dif- 
ference was observed between hypokinetic and akinetic 
zones in ability to improve after surgery; of 17 hypo- 
kinetic zones receiving bypass grafts,6 were improved as 
were 6 of 8 akinetic zones. Even if one considers only 
those zones that showed anatomically increased vas- 
culature as a result of surgery, there is no difference in 
the response of hypokinetic versus akinetic zones (im- 
provement in 6 of 10 hypokinetic zones compared with 
5 of 6 akinetic zones). 

Figure 5 presents the sequential behavior of all zones 
receiving grafts according to the presence or absence of 
postextrasystolic potentiation. Each group is then 
classified into zones with normal or decreased preop- 
erative contraction. Every zone is then placed in a box 
indicating the net operative change in its vascular 
anatomy and then in a final box evaluating its postop- 


erative motion. Twelve of the,17 zones with both de- 
creased preoperative systolic motion and postex- 


'There were a total of 29 asynergic zones and 33 nor- 
mal or hyperkinetic zones. Nineteen of these 29 asyn- 





TABLE III 
Regional Motion Analysis and Postoperative Assessment of Changes in Regional Vasculature 
Anterior Segment Motion Analysis Operative Inferior Segment Motion Analysis Operative 
Case i ue ee c eo BE EMG Toce ORS OER. IRE ER Change in Change in 
no. Control Postextrasystole Postoperative Anatomy Control Postextrasystole Postoperative Anatomy 
1 N N Hyper aom Hypo . N Akin None 
2 N N N None N N N s 
3 N N Akin Dec N N N os 
4 Akin Hypo N Inc Hyper Inc N Inc 
5 Hypo Hyper N Inc Hyper : Inc Inc Inc 
6 Hyper N Hyper None Hypo Hypo Hypo Inc 
7 Hyper Inc Hypo Dec Hypo N N Inc 
8 Hy po N N Inc Hyper Hyper N Inc 
9 Hyper Hyper Hypo Dec Hyper Hyper N et. 
10 N Hyper N mz Hyper N Hyper Inc 
11 Hypo Hypo Hypo None Hyper Less hyper Hyper None 
12 Hypo N Hypo Dec Hyper N Akin Dec 
13 Akin Akin Akin None N N N ue 
14 N N Hypo Dec Hypo N N Inc 
15 Hypo N N Inc Hypo Hypo Akin None 
16 Akin Hypo . Hypo Inc Hyper N N P 
17 Hyper Hyper Hyper Inc Hyper Hyper Hyper 
18 Hypo N Hypo Inc N Hyper Hyper AM 
19 N N N Inc N N N Inc 
20 Hypo N N Inc N N N Inc 
21 N N Hyper Inc N N N ms 
22 N Hyper N XP N Hyper Hyper Inc 
23 Hypo Less hypo Hypo None Hypo Hypo Hypo Dec 
24 Hypo N N a Hypo Hypo Hypo Inc 
25 N N N Ar Akin Akin Akin Inc 
26 Akin Inc but N Inc Hypo Less hypo N n 
still akin 
27 Akin Hypo N Dec N N N 
28 Hypo N Hypo Dec N N N 
29 Akin Hypo N Inc Akin Akin Akin 
30 Akin Hypo N Inc N N N 
31 Hypo Hypo Hypo Inc Hypo N N 





Akin = akinetic; Dec = decreased; Hyper = hyperkinetic; Hypo = hypokinetic; Inc = increased; N = normal; . . 
definitions. 


. * not operated on. See text for 
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POST-OP COMPARED WITH PRE-OP 


rasystolic potentiation had operatively improved 
asculature; 11 of these 12 had improved postoperative 
ystolic motion. In contrast, four of the eight zones with 
ecreased preoperative systolic motion but no postex- 
rasystolic potentiation had operatively improved 
asculature but no postoperative improvement in sys- 
olic motion (Fisher exact test P <0.01). 

Figure 6 then examines postoperative motion as 
redicted by preoperative postextrasystolic potentia- 
ion; only zones whose vasculature was grafted are 
hown. The only significant relation is between preop- 
rative postextrasystolic potentiation and postopera- 
ively improved motion in zones whose vasculature had 
een favorably affected by surgery (Fisher exact test P 
(0.001). A similar correlation exists if corresponding 
adividual hemiaxes are examined rather than zones (P 
£0.01). No such relation occurred in the absence of an 
acrease in vascularization or in the absence of postex- 
rasystolic potentiation. If a zone with decreased con- 
raction did not demonstrate postextrasystolic poten- 
iation it was unlikely to have improved motion post- 


A. VASCULATURE 
IMPROVED BY OPERATION 


r= 0.655 
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p* 0.001 
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FIGURE 6. Comparison of the occurrence of preoperative 
(PRE-OP) regional postextrasystolic potentiation (PESP) 
in zones classified on the basis of postoperative 
(POST-OP) regional motion. Left panel, only zones judged 
to have operative improvement in vasculature; right 
panel, zones without operative improvement. Fisher 
exact test analysis. n = number of patients; NS = not 
significant; p = probability. 





DECREASED 








operatively despite a net improvement in zonal blood 
supply. 

A quadratic plot of the correlation between changes 
in preoperative zonal wall motion after an extrasystole 
and changes in such regional motion after revascular- 
ization surgery is shown in Figure 7. When such changes 
are compared in zones with surgically improved vas- 
culature there was a significant product moment cor- 
relation of 0.65 (P <0.001). This is compared with an r 
value of 0.44 for zones without surgical improvement 
(difference not significant). 

In this series, the presence of an electrocardiogra- 
phically proved myocardial infarction before cardiac 
catheterization did not necessarily predict decreased 
motion in the same area (Table IV; Patients 8 and 21). 
In addition, the presence of decreased motion in a zone 
with electrocardiographic demonstration of a prior 
myocardial infarction did not preclude postextrasystolic 
potentiation (8 patients of the 10 with decreased func- 
tion in the area of the myocardial infarction showed 
postextrasystolic potentiation). Finally, an area of de- 


B. VASCULATURE NOT IMPROVED 


FIGURE 7. Correlation of changes in regional 
motion after an extrasystole (PREOP) and after 
revascularization surgery (POSTOP). Changes are 
expressed as differences in percent shortening. 
Left panel, only zones judged to have operative 
improvement in vasculature; right panel, zones 
without operative improvement. n — number of 
patients; NS — not significant; p — probability. 
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creased motion and electrocardiographic evidence of 
myocardial infarction may improve after surgery (Pa- 
tients 4, 11, 15 and 24). 

Postextrasystolic potentiation as a predictor of 
mortality: Seven patients died within 6 months of their 
operation and fulfilled the criteria for inclusion in this 
study. In all these patients the ejection fraction was less 
than 0.52 (average 0.38) and in five was less than 0.34. 
Postextrasystolic potentiation of preoperative ejection 
fraction was present in two of these seven patients 
(Patients 36 and 37). 

In Figure 8, the response to postextrasystolic poten- 
tiation of surviving patients with similar baseline pre- 
operative ejection fractions is compared with the re- 
sponse of patients who died. Eighteen patients had an 
abnormal preoperative normal sinus beat ejection 
fraction. Nine exhibited postextrasystolic potentiation 
and nine did not. Five of the nine without postex- 
trasystolic potentiation died compared with only two 
of the nine with such potentiation. 


Discussion 


It has long been known that myocardial contractility 
is increased in the normal sinus beat that follows a 
ventricular extrasystole.!/-!? Continuous paired pacing 
of myocardium made acutely ischemic induces an initial 
augmentation of contractility, followed by substantial 
depression, whereas in normal myocardium the aug- 
mentation is sustained.?? The initial augmentation led 
to speculation that a single ventricular extrasystole 
might be a valuable tool for identifying ischemic muscle 
as opposed to solid scar tissue. Earlier studies showed 
that the acutely ischemic myocardium of dogs re- 
sponded to extrasystolic stimulation with augmenta- 
tion.? This was further shown to occur in human 
subjects with ischemic heart disease.!? However, several 
important questions have remained unanswered. First, 


TABLE IV 


Influence of Preoperative Myocardial Infarction on 
Preoperative, Postextrasystolic and Postoperative 
Regional Motion 


Net Postop  Postop 








PES Change in Change 
Preop Regional Change Vascu- in 
Analysis in Motion lature Motion 
Case Preop INSULE SOT UE "UR TUE Ss 

no. MI Ant Inf Ant Inf Ant Inf Ant Inf 
1 | N Hypo 0 + 0 0 + — 
4 A Akin N * + + + - 5 
8 | Hypo N + 0 * + + — 
11 A Hypo N * 0 0 0 + 0 
12 A Hypo N + 0 — — 0 — 
15 A/I Hypo Hypo + 0 + 0 + — 
21 | N N 0 0 + 0 + aS 
23 | Hypo Hypo + 0 0 z 0 0 
24 A Hypo N + 0 0 + + = 
31 A Hypo N + + + 0 — 0 


A or Ant = anterior; Akin = akinetic; Hypo = hypokinetic; | or Inf 
= inferior; MI = myocardial infarction; N = normal; PES = postextra- 
systolic; Postop = postoperative; Preop = preoperative; — = de- 
crease; + = increase; O = no change. 


because most segments, whether normal or abnormal 
during sinus beats, demonstrated at least some 
postextrasystolic potentiation,!? it is unknown whether 
the test is specific for the identification of reversible 
ischemia. Second, while the test was shown to produce 
improved motion during acute ischemia,!? its ability to 
do so during the chronic ischemia generally believed to 
occur in patients with stable angina?! remains un- 
known. 

This study was undertaken to help answer these 
questions. Previous work in our laboratory!? showing 
some potentiation in most subjects did not consider that 
interobserver variation in calculation of the ejection 
fraction could account for differences as great as 0.1 
(average 0.05).!° That work did suggest that the degree . 
of augmentation of contraction might be valuable in- 
separating potentially reversible ischemic zones from 
other zones. In this study, we limited the definition of 
postextrasystolic potentiation to a degree of change 
greater than 0.1 in the ejection fraction and 10 percent 
in hemiaxis shortening, thus avoiding interobserver 
technical error and at the same time imposing a rea- 
sonable quantitative standard for degree of change. 

Predictive value of postextrasystolic potentia- 
tion: Our results suggest, first, that only some of the 
areas of abnormal ventricular motion in ischemic heart 
disease show significantly improved motion after an 
extrasystole. In addition, only some asynergic areas are 
reversible when vascularization has been improved by - 
surgery. Importantly, these two variables, vascular and 
myocardial, are related in this study. The ability of 
abnormally depressed areas of myocardium to increase 
significantly their motion after a single ventricular ex- 
trasystole seems to predict a potential for these same 
zones to recover function if blood supply is improved. 
'The finding that some areas of depressed motion are not 


10 (S SURVIVORS 
C NON- SURVIVORS 
n: 18 
p* NS 


NUMBER OF PATIENTS 





PESP NO PESP 
RESPONSE OF PREOPERATIVE EF 


FIGURE 8. Comparison of the occurrence of preoperative postex- 
trasystolic potentiation (PESP) of the ejection fraction (EF) in survivors 
and nonsurvivors of coronary bypass surgery. All patients with an 
ejection fraction lower than 0.52 are included. Other abbreviations as 
in Figure 7. 
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improved by postextrasystolic potentiation or revas- 
cularization surgery can be interpreted as showing that 
at least some areas are mainly composed of noncon- 
tractile tissue (for example, scar) without any potential 
for functional improvement. Alternatively, the ability 
of some zones to improve after successful bypass 
grafting suggests that these zones may be largely isch- 
emic. Whether the ischemia was “acute” or “chronic” 
must at this time remain unknown. However, these 
patients did not have pain or new S-T segment de- 
pression during the studies. 

No other index examined in this series seemed ca- 
pable of predicting the possibility of surgical improve- 
ment. For example, the presence of electrocardiogra- 
phically proved myocardial infarction did not predict 
behavior of the corresponding segments in relation to 
either postextrasystolic potentiation or revasculariza- 
tion. In fact, most such areas (8 of 10) exhibited poten- 
tiation after an extrasystole and 4 of 10 improved after 
surgery. These observations support the pathologic 
finding that many infarctions are composed of scar 
tissue interspersed with viable muscle.?? Similarly, the 
degree of motion abnormality seems to lack predictive 
value. Of the hypokinetic zones, 70 percent showed 
postextrasystolic potentiation compared with 55 per- 
cent of the akinetic zones (14 of 20 hypokinetic zones 
versus 5 of 9 akinetic zones, P <0.10). Akinetic zones 
were also no less likely than hypokinetic zones to im- 
prove after successful revascularization. 

Potentiation of wall motion versus ejection 
fraction: Whereas the separate behavior of zones of 
myocardium is the most basic ventriculographic unit 
for evaluation of the effects of ischemia because it allows 
effects of individual arteries to be assayed, it is not 
commonly used in the preoperative clinical evaluation 
of patients. The ejection fraction is most commonly used 
for this purpose. In this study, preoperative postex- 
trasystolic potentiation of the ejection fraction was as- 
sociated with postoperative improvement of the ejection 
fraction (Fig. 3).22 However, when the group as a whole 
is placed in smaller subgroups on the basis of degree of 
surgical revascularization, statistical significance is no 
longer obtained. Six of 10 patients with both preoper- 
ative potentiation of the ejection fraction and successful 
revascularization had significant improvement of the 
postoperative ejection fraction compared with only 1 
in 5 patients with successful revascularization without 
preoperative potentiation. This difference is not sig- 
nificant, but it does suggest that preoperative poten- 
tiation of the ejection fraction is also a predictor of im- 
proved postoperative left ventricular systolic function 
when revascularization is successful. 

Prediction of operative risk: The final issue ex- 
amined in this study concerns the problem of predicting 
operative risk. It has been reported that depressed 
ventricular function (as reflected by a low ejection 
fraction) is associated with an increased perioperative 
and postoperative risk of death.!! However, if that de- 
pressed ventricular function were due to reversible 
ischemia, a subpopulation might exist with a lower 
projected risk. In this retrospective study, a very small 
cohort fulfilled the two criteria of having died within 6 
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months of operation and of having a single ventricular 
premature contraction in the preoperative ventriculo- 
gram. When this small group was compared with an 
equally small group of surviving patients with a similar 
ejection fraction, no statistically significant conclusions 
could be reached. However, there were more survivors 
among those who had a low ejection fraction that in- 
creased after an extrasystole than among those with a 
similar ejection fraction but no such postextrasystolic 
potentiation (seven of nine versus four of nine pa- 
tients). 

Possible limitations of study: Our results are en- 
couraging and suggest that determination of ventricular 
response to single ventricular premature beats should 
be included in the ventriculographic studies of all pa- 
tients undergoing coronary angiography to help in 
presurgical assessment. However, there are some 
problems in our experimental design. Foremost is the 
relatively small number of patients fulfilling criteria for 
inclusion in this retrospective study. For example, small 
numbers may be responsible for the lack of statistical 
significance when the ejection fraction is compared in 
patients with improved vasculature and postextrasys- 
tolic potentiation and in those with improved vascula- 
ture but without postextrasystolic potentiation. 

Another possible difficulty in the experimental design 
concerns the timing of the ventricular premature beats. 
As pointed out, experimental work!?-?? suggests that 
there is a direct correlation between shortness of the 
coupling interval to the ventricular premature beats and 
augmentation of contractility. In this study, all ven- 
tricular premature beats were spontaneous and thus 
showed considerable variation in timing. It is possible 
that beats occurring later might not be associated with 
potentiation in an area that could be potentiated by an 
earlier beat. However, a recent study”4 compared the 
relative augmentation of the ventriculographic ejection 
fraction produced by early (mean 390 msec) versus later 
(mean 770 msec) ventricular premature beats using 
patients as their own controls. The degree of augmen- 
tation was essentially the same in that comparison. 
Thus, although variability in timing of premature beats 
must still be considered a possible source of error in our 
study, it is unlikely to be a major one. Furthermore, 
because a significant relation is already seen with ran- 
dom ventricular premature beats, optimal timing of 
such beats would only be likely to improve further the 
ability of potentiation to predict reversibility. 

Another area of possible difficulty involves the rela- 
tively large number of variables that affect systolic 
performance of the left ventricle particularly when 
preoperative and postoperative studies are compared. 
In a retrospective study, no active control of heart rate, 
aortic pressure or preload is made and differences in 
these variables from before to after operation could 
account for changes in ventricular motion. However, no 
patients exhibiting marked hemodynamic variation had 
significant change in ejection fraction, whereas variation 
was insignificant in patients with change. 

A final problem concerns the technique of filming. In 
all patients only a right anterior oblique view of the left 
ventricle was obtained. Although this view allows de- 
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tection of the vast majority of areas of asynergy, it is 
possible that some areas could be excluded. The areas 
not examined in right anterior oblique views are the 
interventricular septum and the posterior wall. Al- 
though involvement of these areas is rarely an isolated 
event, the inclusion of biplane analysis could provide 
more information than that obtained from one view 
alone.”° 

Clinical implications: Although this retrospective 
study should be considered preliminary, the results 
seem substantial enough to warrant several conclusions. 
First, postextrasystolic potentiation seems to identify 
certain areas of asynergic myocardium that are capable 
of postoperative improvement. This finding implies that 
these areas are largely ischemic. Second, an ejection 
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fraction showing significant postextrasystolic im- 
provement may likewise manifest improvement after 
successful revascularization. Because of the .small 
number of patients studied, we do not know the ability 
of the test to define perioperative risk further in patients 
with a low ejection fraction. Furthermore, because no 
patient in this series had ventricular dyskinesia, no 
conclusion can be reached concerning the test's use- 
fulness in the management of patients with ventricular 
aneurysm. 

Confirmation of these conclusions and answers to the 
remaining questions are anticipated to result from a 
prospective study in progress using uniformly timed 
ventricular premature beats and biplane ventriculog- 
raphy. 
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Eighty-four patients with previous uncomplicated isolated inferior myo- 
cardial infarction underwent coronary arteriography to determine the 
prevalence and distribution of coronary stenoses in order to identify those 
patients at high risk for early death. Coronary risk factors and treadmill 
stress testing were evaluated as predictors of left coronary artery disease, 
and the clinical course was compared of patients undergoing coronary 
bypass surgery versus those treated medically. Of the 84 patients, 17 (20 
percent) had one vessel stenosis (75 percent or more luminal narrowing), 
29 (35 percent) had stenosis of two and 38 (45 percent) had stenosis of 
all three major coronary arteries. Fifty-three patients (63 percent) had 
stenosis of the proximal left anterior descending coronary artery including 
8 with complete and 18 with subtotal occlusion. Of the 53 patients with 
proximal left anterior descending arterial stenosis, 42 (79 percent) had 
an operable condition (no distal obstruction) as did 36 (69 percent) of 52 
with circumflex arterial stenosis. Although the presence of multiple cor- 
onary risk factors, particularly with a positive stress test, was predictive 
of multivessel stenosis, lack of risk factors and a negative exercise test 
were nonspecific. Of 45 patients followed up for 18 months, 14 who un- 
derwent coronary bypass surgery were compared with 31 medically 
treated patients with similar cardiac function and coronary pathoanatomy. 
Ten surgically treated patients (71 percent) had reduced angina compared 
with nine medically treated patients (29 percent) (P « 0.05). Two sur- 
gically treated patients (14 percent) had no change in angina compared 
with 17 medically treated patients (54 percent) (P « 0.05). Only two 
surgically treated patients (14 percent) had increased angina compared 
with five medically treated patients (16 percent) (P > 0.05). Thus, serious 
left coronary artery disease is highly prevalent as well as operable in 
patients with chronic inferior myocardial infarction. The latter condition 
thereby provides a clinically useful and sensitive marker of high risk 
coronary arterial stenosis. 


Because myocardial infarction confined to the inferior wall is generally 
associated with less extensive necrosis and left ventricular dysfunction 
than is infarction of the anterior surface,!-9 the prognosis is more fa- 
vorable after isolated inferior wall infarction than after anterior in- 
farction.^* Accordingly, there has been reluctance to carry out coronary 
arteriography in asymptomatic patients who have recovered from iso- 
lated inferior myocardial infarction. However, longevity in patients with 
chronic coronary artery disease is related to the number of major coro- 
nary vessels that are stenotic?-!? as well as to the degree of ventricular 
dysfunction.?14 There is currently convincing evidence that coronary 
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bypass surgery relieves angina pectoris in selected pa- 
tients!®25; additional data now emerging indicate that 
surgical revascularization may prolong life in patients 
without refractory angina.!7:22-?7 Therefore, it has be- 
come potentially important to delineate the extent and 
location of coronary artery disease in patients who have 
survived inferior myocardial infarction, to determine 
whether such patients have associated coronary lesions 
that portend a higher risk and may be indications for 
coronary bypass surgery. 

Although previous data have indicated a relation 
between myocardial infarction and multivessel coronary 
artery disease,?-?2829 no prior study has specifically 
focused on the extent and distribution of coronary ste- 
nosis in patients with uncomplicated inferior myocar- 
dial infarction who are in stable condition. This was the 
purpose of the present investigation. The principal 
objective was to determine tho prevalence of associated 
disease of high risk,79-11.143055 namely, obstruction of 
the left main coronary artery, the combination of 
proximal left anterior descending and circumflex cor- 


onary arterial stenosis and proximal stenosis of the left. 


anterior descending coronary artery. In addition, 
analysis was made to identify specific clinical factors 
that might facilitate the recognition of patients with 
high risk coronary disease before cardiac catheteriza- 
tion. Finally, preliminary data are presented comparing 
the clinical course of patients with uncomplicated in- 
ferior myocardial infarction who underwent coronary 
arterial surgery with that of patients who received 
maximal medical therapy. 


Methods 


Patients: Eighty-four consecutive patients who had ex- 
perienced uncomplicated isolated inferior myocardial in- 
farction within the 6 months prior to undergoing left heart 
catheterization and selective coronary arteriography consti- 
tute the study population. Because of our previous observation 
concerning the large prevalence of significant left coronary 
artery disease in patients with previous inferior myocardial 
infarction and refractory angina pectoris undergoing coronary 
arteriography for consideration of possible coronary bypass 
surgery, we have developed an increasingly aggressive ap- 
proach to define the coronary arterial anatomy in patients 
with previous inferior wall myocardial infarction without re- 
fractory angina. The study group comprises the 84 patients 
with previous uncomplicated inferior myocardial infarction 
who underwent elective cardiac catheterization over the 
previous 3 years according to this rationale. Sixty-six were men 
and 18 were women; the mean age of the entire group was 52.8 
+ 2.6 (standard error of the mean) years. 

Uncomplicated myocardial infarction was defined as in- 
farction occurring without life-threatening arrhythmias, 
congestive heart failure, shock or persistent chest pain. 
Transient first or second degree heart block commonly asso- 
ciated with acute inferior infarction was not cause for exclu- 
sion. Inferior myocardial infarction was diagnosed from classic 
historical, cardiac enzymatic and electrocardiographic evi- 
dence of acute inferior wall necrosis. All patients had elec- 
trocardiographic findings consistent with previous inferior 
wall myocardial infarction at the time of cardiac catheter- 
ization. In addition, none of the 84 patients had refractory 
angina at the time of catheterization and all had returned to 
New York Heart Association functional class I or II. T'hus, this 
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investigation evaluated a large population of patients in stable 
condition who had incurred an uneventful inferior myocardial 
infarction. 

Selective coronary arteriography was performed utilizing | 
either the brachial or femoral arterial approach and cinean- 
giograms were obtained in multiple projections on 35 mm film 
with the Philips 9 and 5 inch (22.9 and 12.7 cm) cesium iodide 
image amplifier systems. All cineangiograms were interpreted — 
independently by two or more experienced investigators with © 
subsequent interobserver agreement. | 

Clinical-angiographic correlations: Precatheterization | 
clinical features were correlated with multivariate analysis 
with the coronary pathoanatomy determined by arteriography 
in these patients to determine whether noninvasive proce- 
dures provided predictability of operable stenosis. The clinical 
factors evaluated included sex, fasting serum cholesterol and 
tryglycerides, resting blood pressure, glucose tolerance test, 
history of smoking 10 or more cigarettes/day and a family — 
history of one or more first degree relatives having docu- | 
mented coronary artery disease. Further, the predictability | 
of maximal treadmill exercise was assessed. Before cardiac 
catheterization and while in the fasting state each patient was - 
exercised utilizing the graded multistage maximal exercise. 
treadmill protocol of Bruce et al.86 Electrocardiographic 
monitoring was carried out employing the Marquette recorder 
model 3500 with the three lead system of I, aVF and Vs. An 
electrocardiographic response interpreted as positive for 
myocardial ischemia consisted of horizontal or downward 
sloping S-T segment depression of 20.1 mv for at least 0.08 
second duration beyond the J point. 

These aforementioned clinical features and treadmill 
exercise test were related to the entire group of 84 patients | 
as well as to three subgroups: Group I, patients with coronary | 
arterial stenosis (75 percent or more luminal narrowing) 
confined to the right coronary artery (no stenosis 50 percent - 
or more in the left coronary system); Group II, patients with . 
coronary stenosis (75 percent or more) involving both the right © 
coronary artery and the left anterior descending or the cir- - 
cumflex coronary artery; and Group III, patients with stenosis 
(75 percent or more) involving each of the three major coro- 
nary arteries. 

Follow-up: Evaluation of therapy: The patients under- 
going coronary bypass surgery in this study who have been > 
followed up for at least 1 year are a relatively small group with 
a relatively short period of observation. Nevertheless, com- 
parison of these patients with medically treated patients 
having similar disease and followed up for an equivalent pe- - 
riod of time yields important preliminary information. Ac- 
cordingly, patients undergoing saphenous vein coronary by- 
pass surgery or receiving medical therapy alone and followed 
up for a minimum of 12 months from the time of cardiac- 
catheterization (medically treated patients) or surgery (uni- 
formly performed within 3 weeks of catheterization) were 
evaluated and compared for symptoms, antianginal medica- 
tion and mortality by means of a standardized questionnaire. 
Although the decision to perform surgery or provide medical 
management was not randomly determined but made on the 
basis of coronary arterial pathoanatomy according to physi- 
cian or patient preference, or both, retrospective analysis of 
the coronary arteriograms without knowledge of the subse- 
quent mode of therapy afforded objective grouping of patients 
relative to the site and severity of coronary stenosis and op- 
erability. Thus, meaningful comparisons of patients receiving 
medical therapy versus coronary bypass surgery were possi- 
ble. | 

A coronary artery suitable for coronary bypass was re- 
quired to meet the following criteria: (1) distal vessel diameter 
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FIGURE 1. Prevalence of one (I-VD), two (Il- VD) and three (III-VD) vessel 
coronary artery disease (75 percent or more stenosis) in 84 patients 
with uncomplicated inferior myocardial infarction. n = number of pa- 
tients. 


of 1 mm or more as determined with antegrade or retrograde 
ypacification; (2) no stenosis greater than 20 percent of lu- 
minal diameter in the distal one third of the vessel beyond the 
site of obstruction; and (3) good distal flow below the stenosis 
as estimated by the rapidity of washout of contrast medium. 
Essentially the decision for coronary bypass surgery was based 
on the presence of severe three vessel disease rather than se- 
vere or refractory angina. 


Results 


Coronary pathoanatomy (Fig. 1): The 17 patients 
'onstituting Group I (20.2 percent of the total popula- 
ion) exhibited significant (75 percent or more) stenosis 
Xf a single major coronary artery, and in every instance 
he right coronary artery was the site of obstruction. In 
‘he 29 patients constituting Group II (34.5 percent of 
‘he population), significant stenosis of two major cor- 
ynary arteries was identified; 15 patients had obstruc- 
ion of the right and left anterior descending coronary 
arteries, 13 had stenosis of the right and left circumflex 
'oronary arteries and one patient had stenosis of the left 
"ircumflex and left anterior descending coronary arte- 
‘ies. The 38 patients in Group III (45 percent of the 
tudy population) had stenosis of each of the three 
najor coronary arteries, and one of these patients had 
;»bstruction of the left main coronary artery as well. 

Forty-five patients (54 percent) had a completely 
xccluded right coronary artery, including 11 of the 17 
;atients (65 percent) with isolated right coronary artery 
lisease (Fig. 2). Fifty-three patients (63 percent) had 
itenosis of the left anterior descending coronary artery; 
of these, 8 had complete occlusion and an additional 18 
lemonstrated subtotal (90 percent or more) occlusion 
f the proximal one third of this vessel. Thus of the 53 
atients with inferior myocardial infarction and stenosis 
f the proximal left anterior descending coronary artery, 
'ssentially 50 percent (26) had at least subtotal or total 
'cclusion of this major vessel. 

Operability of stenotic vessels: In 42 of the 53 pa- 
ients (79.3 percent) with significant proximal left an- 
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FIGUFE 2. Location of coronary arterial stenoses in 84 patients with 
uncomplicated inferior myocardial infarction. LAD = left anterior de- 
scending coronary artery; LCF = left circumflex artery; RCA = right 
coronary artery; n = number of patients. 


terior descending coronary artery stenosis, this vessel 
was suitable for bypass on the basis of the aforemen- 
tioned criteria. Of the 52 patients with significant ste- 
nosis of the left circumflex coronary artery, 36 (69 per- 
cent) had operable vessels. 

Angina pectoris: The mean duration of angina 
pectoris before inferior infarction was 15.7 months 
(range 0 to 144 months). There were no significant dif- 
ferences (P > 0.05) in the duration of angina among 
Groups I, II and III. Thirty-eight patients (45.2 per- 
cent —47 percent of Group I, 48 percent of Group II and 
43 percent of Group III) had no preceding history of 
angina; their initial symptom of coronary artery disease 
was the inferior myocardial infarction. 

Treadmill stress test: Fifty-two patients underwent 
a maximal treadmill multistage graded stress test of 
optimal quality. The test was positive in 5 of 11 patients 
(46 percent) in Group I, 11 of 15 patients (73 percent) 
in Grcup II (P « 0.05 versus Group I) and 21 of 26 pa- 
tients (81 percent) in Group III (P « 0.05 versus Group 
I). 

Specific coronary risk factors: The mean fasting 
cholesterol level for the group of 84 patients was 235 + 
5 (standard error of the mean) dl. There were no sig- 
nificant differences (P > 0.05) in cholesterol level among 
patients with one, two or three vessel coronary artery 
disease (Group I 227 + 9 dl, Group II 234 + 7 dl and 
Group HI 236 + 6 dl). Further, there were no significant 
(P > 0.05) differences in the percent of patients in each 
subgroup with a fasting cholesterol level greater than 
260 dl (Group I 31 percent, Group II 26 percent and 
Group III 30 percent). The level of mean fasting try- 
glycerides for the entire study population was 207 + 16 
dl. There was a direct relation between the level of tri- 
glycerides and the extent of coronary artery disease: 
Group I 169 + 22 dl, Group II 208 + 18 dl (P > 0.05 
versus Group I) and Group III 214 + 17 dl (P « 0.05 
versus Group I). However, the percent of patients in 
each group with a triglyceride level exceeding 200 dl was 
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FIGURE 3. Relation between number of coronary risk 20 


factors and number of stenotic (75 percent or more 
obstruction) coronary arteries in 84 patients with 
uncomplicated inferior myocardial infarction. CAD = 
coronary artery disease; other abbreviations as in 
Figure 1. 


% INFERIOR MYOCARDIAL INFARCTION PATIENTS 
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similar (P » 0.05) (Group I 27 percent, Group II 37 
percent and Group III 28 percent). 

Twenty-six of the 84 patients (31 percent) were hy- 
pertensive (diastolic pressure greater than 90 mm Hg 
or systolic pressure greater than 150 mm Hg, or both): 
3 of 17 (18 percent) in Group I, 7 of 29 (24 percent) in 
Group II and 16 of 38 (42 percent) in Group III (P « 0.05 
versus Group I). Sixty-five percent of all patients were 
cigarette smokers and there were no significant differ- 
ences (P » 0.05) in prevalence among subgroups. 
'Twenty-three of the 84 patients (27 percent) had an 
abnormal glucose tolerance test. Although there were 
no differences (P > 0.05) in the prevalence of this ab- 
normality between each subgroup, prevalence was 
greater in Groups II and III combined than in Group I 
(P « 0.05). Thus, 20 of the 23 patients with an abnormal 
glucose tolerance test had multivessel coronary disease. 
Fifty-nine of the 84 patients (70 percent) had one or 
more first degree relatives wth manifestations of isch- 
emic heart disease, and each subgroup had a similar (P 
> 0.05) prevalence of this risk factor. 

Combined coronary risk factors: Sixteen patients had 
at least five risk factors, and all 16 had significant ste- 
nosis of two (5 patients) or three (11 patients) major 
coronary vessels (Fig. 3A). Fifty-three patients had 
three or more risk factors: This subgroup was composed 
of 12 patients with single vessel disease, 16 with two 
vessel and 25 with three vessel disease (Fig. 3B). Of 18 
patients who had only one risk factor for accelerated 
coronary disease, 10 had one vessel disease, 5 had two 
stenotic vessels and only 3 had significant stenosis of all 
three coronary arteries (Fig. 3C). All of the 84 patients 
in this selected group had at least one risk factor. 

The predictability of the extent of coronary disease 
from the combination of three or more risk factors plus 
a positive treadmill stress test was evaluated in the 21 
patients with these findings. Eighteen (86 percent) of 
the 21 had multivessel stenosis, whereas only 3 (14 
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percent) had obstruction of the right coronary artery 
alone. Conversely, of the eight patients with only one 
coronary risk factor and a treadmill stress test negative 
for myocardial ischemia, only five had coronary disease 
confined to the right coronary artery, whereas the re- - 
maining three had multivessel obstruction. Among the 
18 women, 10 (56 percent) had stenosis confined to the 
right coronary artery compared with 7 of 66 men (11 . 
percent) (P < 0.05). On the other hand, four of nine 
women with fewer than three risk factors (45 percent) 
had multivessel disease; thus, the combination of female . 
sex and only one or two risk factors failed to distinguish 
between single vessel stenosis and two or three vessel 
disease. 

Surgical versus medical therapy: A total of 26 
patients underwent saphenous vein coronary bypass 
surgery. Fourteen of these patients have been followed 
up for more than 12 months (mean 16.3 months) post- 
operatively and constitute the surgical follow-up group. 
Preoperatively, the mean resting left ventricular end- 
diastolic pressure for this group was 10.9 + 1.0 mm Hg, 
mean cardiac index 2.84 + 0.11 liters/min per m? and - 
the ejection fraction averaged 0.47 + 0.02. Ten of the 14 
patients (72 percent) had significant (75 percent or 
greater) stenosis of each of the three major coronary 
arteries and four (29 percent) had significant two vessel 
obstruction. All 14 patients received a graft to the left 
anterior descending coronary artery; in addition, 11 of 
them had a graft placed to the distal right coronary ar- 
tery and 9 patients also had a graft placed to the left 
circumflex coronary artery. One patient had diffuse 
inoperable disease of the left circumflex artery and three 
had an inoperable right coronary artery. There were no 
perioperative or subsequent deaths in the 14 surgical 
patients. 

Forty-two patients receiving medical therapy were > 
followed up for a minimum of 12 months (mean 19.4 
months). Preoperatively they had a mean left ventric- 


June 1977 The American Journal of CARDIOLOGY Volume 39 957 


SEATS REED o Vas a ae PE E Pa UE 
| | CHRONIC S STABLE INFERIOR MYOCARDIAL. INFARCTION—MILLER ET AL. 


<- V ER p n > T Rd) FEE 


mad Aù -Ai ih 7 T P nm eid P 7 xin ET | "m " 
SHRONIC STABLE INFERIOR MYOCARDIAL INFARCTION—MILLER ET AL. 


ular end-diastolic pressure of 9.6 + 0.9 mm Hg (P > 0.05 
versus the surgical group), an average cardiac index of 
2.91 + 0.09 liters/min per m? (P > 0.05 versus the sur- 
gical group) and a mean ejection fraction of 0.52 + 0.01 
(P > 0.05 versus the surgical group). The medically 
treated group had significantly less (P < 0.05) coronary 
lisease than the surgical group. Thus 12 (29 percent) 
of the medically managed patients had single vessel 
:oronary disease, 13 (31 percent) had stenosis of two 
>oronary arteries and 17 (41 percent) had stenosis of all 
;hree principal coronary vessels. Two of the 42 patients 
5 percent) receiving medical therapy died; both pa- 
ients had three vessel disease. Both of these patients 
lemonstrated an operable left anterior descending 
'oronary artery, whereas one had an operable and the 
ther an inoperable stenosed left circumflex artery. 

Angina pectoris was completely or partially alleviated 
n 10 of the 14 (72 percent) patients undergoing surgery; 
n two patients (14 percent) it was unchanged and in the 
'emaining two (14 percent) it was increased. Among the 
12 patients receiving medical therapy for at least 12 
nonths, 11 had an inoperable left anterior descending 
yr circumflex coronary artery, or both, and therefore 
vere deleted from the medical group for the purpose of 
:'omparing symptoms. Thus the 31 remaining patients 
vere anatomically comparable with the 14 patients who 
inderwent surgery. In contrast to findings in the sur- 
rically treated patients, only 9 (29 percent, P < 0.05 
versus the surgical group) of the 31 medically treated 
yatients had symptomatic improvement; in 17 (55 
)ercent, P < 0.05 versus the surgical group) symptoms 
vere unchanged and in 5 (16 percent, P > 0.05 versus 
he surgical group) they were worse. At the end of the 
ollow-up period, 14 of the 31 medically treated group 
vere regularly taking sublingually administered nitro- 
slycerin, 24 were receiving propranolol and 16 were also 
‘aking long-acting nitrates daily. In contrast, only two 
Xf the surgically treated patients at the termination of 
he follow-up period regularly required nitroglycerin; 
ne of these was also taking propranolol. Three surgi- 
cally treated patients including the two requiring sub- 
ingually administered nitroglycerin, were receiving 
ong-acting nitrates. 


Discussion 


Major efforts in clinical cardiology have been directed 
ward the development of more sensitive and specific 
neans of identifying patients at risk for coronary events 
ind applying therapeutic measures to reduce the like- 
ihood of subsequent morbidity and mortality. This 
nvestigation has focused on the detailed coronary ar- 
erial pathoanatomy and clinical features in patients in 
itable condition with uncomplicated inferior myocardial 
nfarction. Our data reveal that the presence of inferior 
vall infarction, even when uncomplicated and associ- 
ited with few symptoms, is a valuable marker of ad- 
ranced coronary artery disease. Thus, our findings not 
ly document the multivessel nature of coronary heart 
lisease among patients with inferior myocardial in- 
arction but also indicate their high prevalence rate of 
‘ritical proximal stenosis in the major left coronary 
arteries. 
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Identification of patients with isolated right 
coronary stenosis and those with multivessel dis- 
ease: Previously, we had noted the common association 
of prior isolated inferior myocardial infarction and left 
coronary artery disease in patients with refractory an- 
gina pectoris selected for coronary angiography and 
evaluation for possible bypass surgery.?? The present 
study represents the extension of this evaluation to 
patients with inferior myocardial infarction but without 
intractable angina. Our data, based on objective as- 
sessment of the extent and severity of coronary artery 
disease and associated atherogenic risk factors in a large 
group of such patients studied with coronary arteriog- 
raphy after recovery from an uncomplicated inferior 
myocardial infarction, indicate that severe disease of 


the left coronary system is common in this selected - 


population but that noninvasive clinical data alone are 
poor predictors of the number and location of associated 
stenotic coronary vessels. Although two and three vessel 
obstruction is more common among patients with in- 
ferior myocardial infarction and multiple coronary risk 
factors, especially diabetes and hypertension, as well as 
among those with a combination of multiple risk factors 
and a positive treadmill stress test, these indicators have 
poor specificity in identifying patients with isolated 
disease of the right coronary artery. Thus, although the 
majority of our patients with a single coronary risk 
factor had isolated right coronary stenosis, a substantial 
minority had multivessel disease; thus a negative ex- 
ercise test and lack of coronary precursors had limited 
value in ruling out the presence of critical left coronary 
disease in asymptomatic patients with inferior myo- 
cardial infarction. Although the number of women 
studied was relatively small, they had a significantly (P 
< 0.05) greater prevalence of single vessel disease than 
men. However, as in men, the relation between few risk 
factors and single vessel disease was not sufficiently 
specific to identify accurately patients with stenosis 
confined to a single coronary artery. 

The majority of reports concerning the prognosis of 
patients with angiographically proved coronary artery 
disease have concurred that mortality is related to the 
number and severity of stenotic coronary arteries as well 
as to ventricular function.?9-15 Thus, patients with one, 
two and three vessel coronary obstruction have annual 
death rates of approximately 1 to 3, 5 to 13 and 10 to 16 
percent, respectively.7?9-15?2! Further studies have as- 
sessed the course of patients with coronary stenosis in 
specific sites.7:10.12,14,30-35 In this regard, patients with 
occlusion of the right coronary artery in combination 
with proximal stenosis of the left anterior descending 
coronary artery have been shown in one study to have 
a 5 year mortality rate of 75 percent.!? This alarming 
observation, added to the present findings of the high 
frequency of obstruction in the left coronary system, 
especially proximal stenosis of the left anterior de- 
scending coronary artery, provides a rationale for our 
coronary arteriographic study of patients with inferior 
myocardial infarction. 

Surgical implications: Comparisons of the effects 
of coronary bypass surgery and medical treatment on 
longevity are subject to obvious difficulties with regard 
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to optimal controls and patient selection. Nevertheless, 
a growing number of reports!7:22-27,31,33-35 have indi- 
cated that mortality is lower 2 to 5 years postoperatively 
in patients with multivessel disease treated surgically. 
There is now convincing documentation that coronary 
bypass surgery improves the quality of life; thus the 
ideal candidate for myocardial revascularization is a 
patient with disabling angina pectoris refractory to 
medical therapy. However, if longevity is indeed sub- 
stantially enhanced by the procedure, it may be applied 
prophylactically to patients with high risk suitably 
operable coronary artery disease and few symptoms. For 
this reason it becomes important to identify patients 
with multivessel proximal coronary artery disease or 
specific combinations of major vessel stenosis associated 
with accelerated mortality. 

An additional important point concerning the indi- 
cations for coronary surgery is that left ventricular 
function is well preserved in most patients after myo- 
cardial infarction confined to the inferior wall.!:2>6 
However, when an anterior myocardial infarction occurs 
in the presence of a previous inferior infarction, severe 
pump failure and cardiogenic shock may ensue.? Fur- 
thermore, sudden death occurs most frequently in pa- 
tients with multivessel coronary disease and impaired 
ventricular performance.?? Thus, in patients with in- 
ferior infarction, appropriate surgical intervention after 
identification of those with high risk disease related to 
left coronary obstruction may reduce the likelihood of 
anterior wall infarction, thereby allowing preservation 
of this portion of the left ventricle and thus improving 
the prognosis.?? 

Prognostic implications: Our study indicates that 
approximately one third of patients with a prior isolated 
inferior wall myocardial infarction have subtotal (90 
percent or more) stenosis or occlusion of the proximal 
left anterior descending coronary artery, a percentage 
that increases to nearly two thirds when all patients 
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with significant (75 percent or more) stenosis of this 
vessel are considered. Thus, one can anticipate a 5 year 
mortality rate of 50 to 75 percent for nearly two thirds 
of all patients with isolated inferior infarction if'one 
considers (1) that patients with three vessel coronary 
disease have an annual mortality rate of 10 to 16 per- 
cent,”,9-15 (2) that patients with complete occlusion of 
the right coronary artery in combination with proximal 
left anterior descending stenosis have a similar annual 
mortality rate,!? and (3) that, as demonstrated in our 
study, essentially two thirds of patients with uncom- 
plicated inferior myocardial infarction have one of these 
combinations of two or three vessel coronary disease. 
In striking contrast, patients surviving myocardial in- 
farction of the inferior wall with only single right or — 
circumflex coronary disease have an annual mortality _ 
rate of approximately 2 percent, similar to that of pa- 
tients with stenosis of a single vessel without infarc- . 
tion. 79-15 

Because of the disparate mortality projections related 
to the extent of coronary artery stenosis, which is dif- 
ficult to predict from noninvasive clinical indexes, it 
appears logical to define the coronary arterial patho- 
anatomy with angiography to provide a more accurate 
prognosis in the majority of patients with inferior 
myocardial infarction. Moreover, if data on the bene- 
ficial effect on long-term survival of coronary bypass 
surgery become more convincing, detection of these — 
patients whose condition is relatively stable and who — 
may be asymptomatic yet at high risk for accelerated 
mortality may become increasingly imperative. Such 
detection may permit an intervention that would alter 
their course favorably and have a major impact on 
survival. 
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Two hundred one patients with acute transmural myocardial infarction 
were studied to determine the relation of heart block and the degree of 
left ventricular dysfunction. Right bundle branch block occurred in 17, 
left bundle branch block in 7 and either left anterior or left posterior 
hemiblock in 8 patients. Hemodynamic studies were carried out before 
heart block developed. Complete heart block occurred in 9 of 92 patients 
with diaphragmatic (inferior) myocardial infarction and in 6 of 109 with 
anterior infarction. In patients with diaphragmatic infarction who expe- | 
rienced complete heart block hemodynamic measurements before block 
did not differ significantly from those in patients without block. Similarly, 
in patients who had right bundle branch block or hemiblock the hemo- 
dynamic variables did not differ from those in patients without bundle 
branch block. 

In patients with anterior infarction who experienced complete heart 
block, however, stroke index (P <0.01) and stroke work index (P <0.05) 
were significantly lower before block than in patients without block. 
Similarly, patients with anterior infarction with progression to left bundle 
branch block had a lower stroke index (P <0.002) and stroke work index 
(P <0.05) than patients without bundle branch block. The data indicate 
that patients whose anterior infarction is followed by complete heart block 
or left bundle branch block have a greater degree of left ventricular dys- 
function than patients with anterior infarction who do not manifest these 
conduction defects. The profound hemodynamic derangement in the 
patients with these defects is probably a result of more extensive myo- 
cardial necrosis. Complete heart block after diaphragmatic infarction and 
right bundle branch block and hemiblock were not associated with sig- 
nificantly different hemodynamic measurements, thus suggesting that 
these conduction defects are unrelated to the extent of left ventricular 
dysfunction. | 

Although only a small number of patients with heart block were studied, 
careful analysis of the clinical and hemodynamic data support the find- 
ings. 


Complete heart block has been estimated to occur in 5 percent of cases 
of acute myocardial infarction.'? Previous investigation has suggested 
that intraventricular block is directly related to the extent of infarction, 
particularly in anterior infarction; bundle branch block and complete 
heart block occur in cases of extensive myocardial necrosis.?-? With or 
without pacemaker therapy, the mortality rate is high and death usually 
occurs because of pump failure. In this investigation we assessed the 
hemodynamic characteristics of patients with acute myocardial infarc- 
tion who later had bundle branch block or complete heart block. 


Methods 


Patients: This was a retrospective study of 201 consecutive patients with 
transmural myocardial infarction from the University of Rochester Myocardial 
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Infarction Research Unit. There were 150 men and 51 women 
ranging in age from 30 to 70 (mean 57) years. The diagnosis 
of acute transmural infarction was based upon typical history, 
serum enzyme levels and specific electrocardiogaphic criteria. 
Infarcts were classified as diaphragmatic (inferior) if signifi- 
cant Q waves and ST-T changes appeared in leads II, III and 
aVF. Anteroseptal (Q waves with ST-T abnormalities in leads 
Vi to V3) and anterolateral (Q waves with ST-T changes in 
leads V4 to Vg and I or aVL) infarctions were classified as 
anterior. Patients with a nontransmural infarction or previous 
left bundle branch block were excluded from the study. In- 
formed consent was obtained from each patient. Patients were 
identified according to the Killip classification?: class I—no 
heart failure; class II—ventricular gallop and basilar rales; 
class ITI—frank pulmonary edema; and class IV—cardiogenic 
shock. | 

Electrocardiographic criteria: Continuous electrocar- 
diographic monitoring was performed utilizing a central 
monitoring and display console. A rate-dependent alarm 
system that automatically prints rhythm strips during an 
alarm period was used. Rhythm strips were obtained every 2 
hours and systematically reviewed. A standard 12 lead elec- 
trocardiogram was taken daily and more frequently if an ab- 
normal rhythm or conduction disturbance was noted. 

. Left anterior or left posterior hemiblock was identified 
according to the criteria of Rosenbaum.!? Left anterior hem- 
iblock was diagnosed when there was (1) left axis deviation 
of —45? or greater, (2) a Q:-Ss pattern, and (3) a QRS complex 
of normal duration. Left posterior hemiblock was identified 
when (1) right axis deviation of 120° and (2) an S;-Qs pattern 
were present in the absence of right ventricular hypertrophy 
or a vertical heart. 

. The electrocardiographic criteria for left and right bundle 
branch block were those of Bauer et al.!! and Scanlon et al.1? 
Patients with a QRS duration of 0.12 second associated with 
drug toxicity or an agonal rhythm were excluded. 

Bifascicular block was diagnosed when right bundle branch 
block coexisted with either left anterior or left posterior 
hemiblock. The concept of “trifascicular block"— first degree 
atrioventricular (A-V) block and bifascicular block—was not 
studied. 
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Complete heart block was described when A-V dissociation 
was sustained with the atrial rhythm faster than the junctional 
or ventricular escape mechanism. Junctional or ventricular 
rhythm occurring in paroxysm or as an escape rhythm asso- 
ciated with sinus bradycardia was not included. 

Hemodynamic studies: Right heart catheterization was 
performed utilizing a no. 5 or no. 7 Swan-Ganz flow-directed 
catheter advanced to the main pulmonary artery by way of an 
antecubital vein cutdown procedure under local anesthesia 
with fluoroscopic control.!? An 18-gauge Teflon? cannula was 
placed in a brachial artery for blood sampling and measure- 
ment of systemic arterial pressure. 

Pulmonary arterial, pulmonary wedge and brachial arterial 
pressures were measured with Statham model SP37 trans- 
ducers and recorded on a Brush direct-writing recorder. Mean 
pressures were obtained by electronic integration. Zero ref- 
erence level for pressure measurements was 5 cm below the 
sternal angle. Cardiac output was measured with the indica- 
tor-dilution technique, utilizing indocyanine green-dilution 
curves,'* or with the thermodilution technique.!^ In each 
patient, two to four determinations of cardiac output were 
made in rapid succession. The hemodynamic data compiled 
for this investigation were obtained within the first 2 days of 
hospitalization and within 48 hours of the onset of symptoms 
in the majority of patients. Maximal serum elevations of 
creatine kinase (CK) and glutamic oxaloacetic transaminase 
(GOT) were recorded for each patient. 

Statistical analysis was carried out utilizing an unpaired 
t test to compare the differences between groups. A P value 
of 0.05 or greater was considered not statistically signifi- 
cant. 


Results 


Anterior myocardial infarction was diagnosed in 109 
and diaphragmatic infarction in 92 of the 201 patients 
studied. 


Complete Heart Block 


Complete heart block, present in 7.5 percent of cases 
(15 of 201), was more frequent in diaphragmatic (9 


Clinical Characteristics of 15 Patients With Acute Myocardial Infarction Who Had Progression to Complete Heart Block 


Case Age (yr) Prior Heart Site of 
no. and Sex Disease Infarction 
1 61M Stable angina AMI 
2 53M None AMI 
3 48M None AMI 
4 59F Previous MI AMI 
5 64F Stable angina AMI 
6 65M None AMI 
7 65F Previous MI DMI 
8 65M Previous MI DMI 
9 47M Previous MI DMI 
10 44M Previous MI DMI 
and CABG 
11 39M None DMI 
12 57M None DMI 
13 51M Stable angina DMI 
14 51M None DMI 
15 64M Stable angina DMI 


Clinical 
Class on 
Admission“ set of CHB (hr) 


Time Between 
Study and On- 
Clinical Course 


Death due to sudden CHB and shock 

Death due to cardiogenic shock 

Death due to sudden CHB and shock 

Death due to cardiogenic shock 

Survivor 

Survivor; death 2 years Jater from 
acute MI 

Death due to cardiogenic shock 

Death; cardiac arrest 3 weeks after 
admission . 

Survivor 

Survivor 


Survivor 
Survivor 
Survivor 
Survivor 
Survivor 
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* Killip classification.’ 


AMI = anterior myocardial infarction; CABG = coronary bypass graft; CHB = complete heart block; DMI = diaphragmatic myocardial infarc- 


tion; M! = myocardial infarction. 
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TABLE II 


Hemodynamic Characteristics of 201 Patients With Acute Myocardial Infarction According to Site of Infarction and 
Subsequent Development of Heart Block (mean - standard error of the mean) k 


Pressures (mm Hg) 


Patients Age 


(no.) (yr) HR RAm PAm 

AMI 

Without CHB 109 57 97 + 2.03 7+ 0.59 26 + 1.02 

With CHB 6 58 99 + 8.48 9+194 31+ 4.19 
DMI 

Without CHB 92 57 80 + 2.11 5 * 0.61 23 * 1.05 

With CHB 9 52 77 * 5.20 81.95 22+2.10 
LBBB 7 59 111+ 6.45 8+2.74 3343.82 
RBBB 17 56 97+ 5.14 6+ 1.11 25 * 1.84 


AMI = anterior myocardial infarction; CHB = complete heart block; Cl = cardiac index (liters/min per m? ); DMI 
left bundle branch block; PAm = pulmonary arterial mean; PWm = pulmonary wedge mean; 


infarction; HR = heart rate (beats/min); LBBB = 


RAm = right atrial mean, RBBB = right bundle branch; SAm = systemic arterial mean; SI = stroke index (ml/beat per m?); SWI = stroke work 


index (g-m/beat per m?). 


cases) than in anterior myocardial infarction (6 cases). 
The clinical characteristics of the 15 patients with 
progression to complete heart block are outlined in 
Table I. The time between hemodynamic study and the 
onset of complete heart block ranged from 1 hour to 4 
days (mean 16 hours). Pacemaker therapy was utilized 
in anterior infarction before the onset of complete heart 
block in only two patients (Cases 2 and 6 for bifascicular 
block). Complete heart block in the other patients with 
anterior infarction was unexpected and a pacemaker 
‘was inserted in all when complete block occurred. Three 
patients with diaphragmatic infarction underwent 
pacing when the escape rhythm was accompanied by 
rate-related hypotension (systemic pressure less than 
100 mm Hg). The hemodynamic characteristics of the 
patient groups are outlined in Table II. 


Diaphragmatic Myocardial Infarction 


The hemodynamic measurements in patients with 
diaphragmatic infarction were compared in those with 
and without progression to complete heart block. Heart 
rate, right atrial, pulmonary arterial, pulmonary wedge 
and systemic arterial pressures as well as cardiac index, 
stroke index and stroke work index were not signifi- 
cantly different in the two groups of patients. Similarly, 
peak serum CK and GOT levels and patient age did not 
differ significantly between the two groups. 


Anterior myocardial infarction: Patients with 


anterior infarction who later had complete heart block 
had a significantly lower stroke index (P «0.01) and 
stroke work index (P «0.05) than those with anterior 
infarction without subsequent complete heart block 
(Fig. 1). Pulmonary wedge pressure was higher in pa- 
tients who had complete heart block than those who did 
not (23 versus 16 mm Hg), but the difference was not 
statistically significant possibly because of the small 
number of patients. Other hemodynamic variables and 
peak enzyme levels were quite similar between the two 
groups. Figure 2 depicts the relation between the groups 
of patients according to infarct location and presence 
of complete heart block. Patients with anterior infarc- 
tion who later had complete heart block clearly had a 
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lower level of left ventricular performance than the _ 


other patients. 


Bundle Branch Block 


Left bundle branch block was present as a new event 
in 3.5 percent of cases (7 of 201) and occurred only in 
patients with anterior infarction. Right bundle branch 
block was more frequent (17 of 201 [8.5 percent]) and 
occurred primarily in the presence of anterior infarction 
(13 of 17). Left anterior hemiblock (6 cases) was present 
only in anterior infarction. Left posterior hemiblock 


PWm SAm Ci SI SWI 
16+0.93 99+2.39 2.68*0.00 29.4:1.15 35.8: 1.86 
23 * 4.47 89 +9.26 1.86 + 0.16 19.5 +2.74  18.0* 5.06 — 
14+0.93 954236 270*009  350*1.19 4095190 - 
14*1.72 8515.72 2.302038 —29.5:4.14 31.5: 6.15 
24+3.82 100+9.96 2.31*0.19 2142137 24.0: 4.38 
16:2.18 9125.80 249+0.23 286:3.33 324+4.22 


= diaphragmatic myocardial 


ain at 
* 


occurred twice and a bifascicular block (right bundle - 


branch block and either anterior or posterior hemiblock) 
occurred in three patients. 


40 P<.05 
P< 0] 
30 
NS 
20 
10 
PULMONARY STROKE INDEX 


STROKE WORK 
WEDGE PRESSURE INDEX 


[__] AMI WITHOUT COMPLETE HEART BLOCK 
Sy AMI WITH COMPLETE HEART BLOCK 


FIGURE 1. Hemodynamic characteristics in patients with anterior 
myocardial infarction (AMI) with and without complete heart block. 
Brackets indicate standard error of the mean. Pulmonary wedge 
pressure is expressed in mm Hg, stroke index in ml/beat per m? and 
stroke work index in g-m/beat per m?. NS = no aie > gri 
P — probability. 
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FIGURE 2. Relation of stroke work index (g-m/beat per m?) and pul- 
monary wedge pressure (mm Hg) according to location of infarction 
and presence or absence of complete heart block. Brackets indicate 
standard error of the mean. AMI and DMI — anterior and diaphragmatic 
myocardial infarction, respectively. 


The patients with bundle branch block or hemiblock 
were similarly analyzed according to age, hemodynamic 
data and enzyme levels. Patients who manifested left 
bundle branch block had a significantly higher heart 
rate (P <0.02) and a lower stroke index (P <0.002) and 
stroke work index (P «0.05) than patients without such 
block. Peak enzyme level and patient age did not differ. 
Figure 3 depicts the relation among patients with left, 
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FIGURE 3. Comparison of hemodynamic characteristics in patients with 
left bundle branch block (LBBB), right bundle (RBBB) and no bundle 
branch block. Brackets indicate standard error of the mean. Pulmonary 
wedge pressure is expressed in mm Hg, stroke index in ml/beat per 
m? and stroke work index in g-m/beat per m°. 

















right and no bundle branch block. Pulmonary wedge 
pressure was higher in the group with left bundle branch 
block but not significantly different from that in pa- 
tients without such block; this finding is possibly related 
to the small number of patients. However, stroke index 
and stroke work index were significantly lower in pa- 
tients with left bundle branch block, thus indicating 
more severe left ventricular dysfunction. The patients | 
with right bundle branch block had similar hemody- 
namic characteristics as those with no block. Similarly, 
patients with hemiblock could not be differentiated 
from those without. 


Mortality 


Mortality was significantly greater in patients with 
anterior (29 of 109 [27 percent]) than in those with di- 
aphragmatic infarction (14 of 92 [15 percent]). Death 
was more frequent in patients with diaphragmatic in- 
farction with complete heart block (2 of 9 [22 percent]) 
than in those without (12 of 83 [14 percent]) but was still 
less frequent than in patients with anterior infarction. 
Only two of the six patients with anterior infarction and 
complete heart block survived (67 percent mortality 
rate). Both patients survived only after prolonged in- 
hospital treatment including, in one patient, use of the 
intraaortic balloon. . 


Discussion 


Anatomic and conduction correlations: The 
prognosis of heart block in acute myocardial infarction 
varies according to the site of myocardial ischemic in- 
jury. In about 90 percent of patients, the A-V node is 
supplied by a branch of the right coronary artery.!®!7 
Anatomic studies of diaphragmatic infarction compli- 
cated by A-V block have revealed occlusion of the right 
coronary artery proximal to the A-V nodal branch 
without major damage to the His-Purkinje system.?.17.18 
In complete heart block, escape rhythms studied with 
His bundle recordings are characterized by a narrow 
QRS complex preceded by a His bundle spike indicating 
that the site of block in diaphragmatic infarction ap- 
pears to be in the A-V node.!® Thus, complete heart 
block could occur from ischemic damage at the level of 
the A-V node in the absence of extensive myocardial 
necrosis. 

Anterior infarction with heart block, however, has 
been related to extensive septal necrosis with involve- 
ment of the bundle branches.?-7.18.1? The mortality rate 
in cases of anterior infarction complicated by complete 
heart block is high and it is usually assumed that death 
is due to extensive myocardial necrosis with severe 
cardiac failure and shock and not to the conduction 
disturbance itself.9:5;7 

Hemodynamic correlations: Our study examined 
the hemodynamic performance of patients with myo- 


cardial infarction before the development of complete 


heart block. We recognize that the small number of 
patients with complete heart block studied represents 
a major shortcoming. However, the incidence rate of 
complete heart block in acute myocardial infarction is 
low and the unique nature of the hemodynamic study 
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before the development of heart block makes the data 
in these few patients worthy of consideration. The data 
reveal that the degree of hemodynamic dysfunction was 
similar in patients with diaphragmatic myocardial in- 
farction who did and did not later manifest complete 
heart block. However, among patients with anterior 
infarction, those who later had complete heart block had 
more severe hemodynamic derangement than those 
without block. Because the hemodynamic study was 
carried out before the onset of heart block, the con- 
duction abnormality itself was not responsible for the 
degree of left ventricular dysfunction. 

The significant early mortality (4 of 6 [67 percent]) 
in patients with anterior infarction complicated by 
complete heart block emphasizes the severity and 
consequence of the hemodynamic derangement. In 
contrast, the patients with diaphragmatic infarction and 
heart block had a much lower early (1 of 9 [11 percent]) 
and total hospital (2 of 9 [22 percent]) mortality. Pa- 
tients with a new left bundle branch block after an an- 
terior infarction had a significantly lower stroke index 
and stroke work index than patients without this con- 
duction defect. We speculate that the more profound 
hemodynamic dysfunction that accompanied complete 
heart block or left bundle branch block in anterior in- 
farction was a reflection of more extensive myocardial 
necrosis. 

Nimetz et al. determined that hospital mortality 
from acute myocardial infarction was not correlated 
with bundle branch block as such, but with the associ- 
ated development of second or third degree A-V block 
or severe pump failure. They found no significant dif- 
ference in late death among surviving patients with A-V 
block compared with those without. 

Other causes for severe left ventricular dys- 
function: Alternative explanations to account for the 
greater degree of left ventricular dysfunction in patients 
with anterior infarction and complete heart block or 
new left bundle branch block may be explored. The 
mean age of these patients was not different from that 
of the total population. Two of the six patients with 
anterior infarction and complete heart block had had 
a previous myocardial infarction and their data could 
account for more depressed left ventricular function. 
Four of the nine patients in the group with diaphrag- 
matic infarction and complete block also had had a 
previous myocardial infarction, and yet this greater 
percentage of previous infarction did not affect the 
overall level of myocardial function in the patients with 
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diaphragmatic infarction. Finally, preexisting unrec- 
ognized myocardial disease such as that secondary to 
inapparent hypertension or cardiomyopathy could have 
been present. Such factors can never be absolutely ex- 
cluded yet were not apparen: from a careful history and 
physical examination and right heart catheterization 
or autopsy studies in the six patients who died. 

Indications for cardiac pacing: Our study does not 
specifically suggest the indications for either temporary 
or permanent pacing in patients with heart block ac- 
companying acute myocardial infarction. Our general 
practice has been to insert a temporary pacing electrode 
in patients with anterior myocardial infarction who 
manifest bifascicular block, type II second degree block 
or third degree heart block. Patients with diaphragmatic 
myocardial infarction undergo pacing if second or third 
degree block is accompanied by rate-related hypoten- 
sion. Often mortality is unaffected by temporary pacing 
and related more to pump failure than to heart block as 
such. 

Generally it is believed that patients who have had 
bifascicular block, type II second degree block or tran- 
sient third degree heart block in anterior myocardial 
infarction are at significant risk for late sudden death. 
However, there is significant controversy concerning the 
indications for permanent pacing in these patients. It 
is recommended?! that patients with right bundle 
branch block and left anterior hemiblock who later 
manifest transient third degree heart block undergo 
permanent pacing even though the conduction distur- 
bance may revert toward normal. More extensive re- 
views of this question are available.!.12.19,21-23 

Implications: Our investigation suggests that com- 
plete heart block or left bundle branch block in patients 
with anterior infarction indicates the presence of ex- 
tensive myocardial necrosis manifested by a significant 
degree of left ventricular dysfunction. In contrast, 
complete heart block in patients with diaphragmatic 
infarction or a lesser degree of conduction disturbance 
such as hemiblock or right bundle branch block in pa- 
tients with either anterior or diaphragmatic infarction 
is not related to left ventricular dysfunction and prob- 
ably reflects lesser degrees of myocardial necrosis. 
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The mechanism of the electrocardiographic pattern termed left atrial 
enlargement was evaluated in 21 patients. Left atrial size and pressure © 
as well as interatrial conduction were correlated with electrocardiographic - 
left atrial enlargement using echocardiography, mean pulmonary capillary i 
wedge pressure and activation time from the P wave to the coronary sinus. — 
In the group as a whole only prolongation of interatrial conduction time 
was consistently related to the electrocardiographic pattern of left atrial 
enlargement; left atrial size or pressure was not predictably abnormal in 
patients with this pattern. Five patients had neither elevation of pulmonary 
capillary wedge pressure nor echocardiogrephic evidence of an enlarged 
left atrium. When the etiologic type of heart disease was analyzed, an 
enlarged left atrium correlated with electrocardiographic left atrial en- 
largement only in patients with rheumatic mitral valve disease (eight of 
nine patients). Elevated pulmonary capillary wedge pressure correlated 
with electrocardiographic left atrial enlargement in all four patients with 
cardiomyopathy. In patients with coronary artery disease the electro- 
cardiographic pattern was unrelated to either left atrial pressure or volume 
overload. Thus, the electrocardiographic pattern termed left atrial en- 
largement appears to represent an interatrial conduction defect that can 
be produced by a variety of factors. 


A broad notched P wave in lead II and a deep and broad negative P 
terminal force in lead V; have classically been used as electrocardio- 
graphic criteria for left atrial enlargement! and are believed to represent 
one of the following: (1) left atrial volume overload, (2) left atrial pressure 
overload, (3) an interatrial conduction defect, or (4) a combination of 
these abnormalities. We analyzed the relation of each of these four 
variables to an electrocardiographic pattern of left atrial enlargement 
in 21 patients. Atrial endocardial mapping was used to establish inter- 
atrial conduction time, echocardiographic left atrial dimension was taken 
as a measure of left atrial size and mean pulmonary capillary wedge 
pressure was used to indicate mean left atrial pressure. 


Methods and Materials 


Twenty-one patients, 12 male and 9 female, ranging in age from 30 to 78 years 
were studied (Table I). Nine of the 21 had rheumatic mitral valve disease, 7 had 
coronary artery disease, 4 had congestive cardiomyopathy and 1 had a secundum 
atrial septal defect. For inclusion in the study, each patient had to meet New 
York Heart Association criteria for left atrial enlargement in the electrocardi- 
ogram! including a P wave duration of more than 110 msec in lead II and a 
negative P terminal force of 0.04 mm-sec or more in lead V4. 

Atrial mapping: All patients underwent cardiac catheterization in the non- 
sedated postabsorptive state after giving informed consent. Under local anes- 
thesia, two to four electrode catheters were inserted percutaneously and posi- 
tioned fluoroscopically at the following intercardiac sites: high right atrium at 
its junction with the superior vena cava, mid lateral right atrium, low lateral right 
atrium at the junction with the inferior vena cava, the atrioventricular (A-V) 
junction (low septum) at the standard His bundle position and mid to distal 
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FIGURE 1. Atrial endocardial map in patient with electrocardiographic 
left atrial enlargement. From top to bottom are surface electrocardio- 
graphic leads | (1), II (2) and V4, a high right atrial electrogram (HRA) 
from the junction of the atrium and superior vena cava, coronary sinus 
electrogram (CS), His bundle electrogram (HBE) and time lines (T). Note 
the broad P wave marked by the arrows (135 msec) with the deep 
negative terminal force in lead V4. Coronary sinus activation occurs 
late (P to CS time 130 msec) in the P wave. 


coronary sinus or left atrium through an atrial septal defect 
or patent foramen ovale. Atrial electrograms were displayed 
on a switch beam oscilloscope (Electronics for Medicine DR 
16) simultaneously with three or four electrocardiographic 
leads. Interatrial conduction was determined using the earliest 
onset of atrial activity to the first rapid deflection crossing the 
baseline in the coronary sinus or left atrial electrogram (nor- 
mal value 71 + 10 [standard deviation] msec). Data were 
stored on magnetic tape and later retrieved on photographic 
paper at speeds of 200 to 400 mm/sec. Care was taken to assure 
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FIGURE 2. Relation of electrocardiographic left atrial enlargement and 
left atrial size and pressure and interatrial conduction. Mean pulmonary 
capillary wedge pressure (PCW) (left panel), echocardiographic left 
atrial dimension (ECHO-LAD) (center panel) and P wave to coronary 
sinus activation time (P-CS) (right panel) for each patient. 


968 June 1977 The American Journal of CARDIOLOGY Volume 39 


5? SP UY ken IN 
NLARGEMENT—JOSEPHSON ET- 





a aiae aia a ii ain iaai a aiik 
dá T DN à zia. 
TABLE I 
Data in 21 Patients 
P 
Wave Mean 
Dura- Echo PCW 
Case Age (yr) tion P-CS LAD (mm 
no. &Sex Cardiac Diagnosis (msec) (msec) (msec) Hg) 
1 78M Cardiomyopathy 140 120 37 16 
2 52F RHD (MS/AS) 135 130 45 11 
3 55M CAD 125 120 35 13 
4 46F RHD (MS) 124 78 51 9 
5 74F CAD 118 110 39 10 
6 36M RHD (MS) . 136 110 48 10 
7 54M CAD 133 105 48 13 
8 58F RHD (MS) 136 120 37 11 
9 52F RHD (MR/MS) 142 130 58 30 
10 49M Cardiomyopathy 126 105 52 25 
11 58F RHD (MS) 115 96 48 27 
12 51F RHD (MS) 140 135 50 24 
13 48M CAD 126 100 47 11 
14 65M RHD (MR/AR) 130 110 48 8 
15 37F RHD (MS/MR/AR) 122 112 51 12 
16 30F ASD (secundum) 117 84 38 10 
17 65M CAD 137 114 34 17 
18 37M Cardiomyopathy 115 95 38 18 
19 71M CAD 120 100 37 12 
20 49M CAD 125 110 29 10 
21 51M Cardiomyopathy 145 135 55 20 


AR = aortic regurgitation; AS = aortic stenosis; ASD = atrial sep- 
tal defect; CAD = coronary artery disease; Echo LAD = echocardio- 
graphic left atrial dimension; MR = mitral regurgitation; MS = mitral 
stenosis; P-CS = P wave to coronary sinus activation time; PCW = 
pulmonary capillary wedge pressure; RHD = rheumatic heart disease. 


that all equipment was properly grounded. An example of this 
atrial mapping technique is shown in Figure 1. 

Left atrial pressure, volume and size: Left atrial pressure 
was estimated using the mean pulmonary capillary wedge 
pressure obtained during a standard right heart catheteriza- 
tion using fluid-filled catheters calibrated to a Statham PD 
23 strain gauge. The normal value in our laboratory is 12 mm 
Hg or less. Left atrial volume was assessed using end-systolic 
left atrial dimension as determined with routine M mode 
echocardiography. The normal value for left atrial size using 
this technique is 40 mm or less. In each patient these three 
values were obtained within a 24 hour period, and in several 
patients they were obtained simultaneously. 


Results 


Relation of atrial pressure, volume and conduc- 
tion times to electrocardiographic left atrial en- 
largement: The pulmonary capillary wedge pressure, 
left atrial dimension and P wave to coronary sinus ac- 
tivation time in each of the 21 patients are shown in 
Figure 2. Only 10 of our 21 patients (48 percent) had 
elevated pulmonary capillary wedge pressure. Hence, 
the majority of our patients had normal left atrial 
pressure. Twelve of 21 (57 percent) had an increased 
echocardiographic left atrial dimension. Thus, more 
than 40 percent of our patients had a normal left atrial 
size on echocardiography despite electrocardiographic 
left atrial enlargement. Interatrial conduction time in 
our patients as measured by P wave to coronary sinus 
activation time gave the most consistent results. All but 
one patient had prolonged interatrial conduction. The 
single patient whose P wave to coronary sinus activation 
time was normal had a secundum atrial septal defect 


and, in addition, a normal left atrial pressure and a 
normal echocardiographic left atrial dimension. She also 
had no roentgenographic or angiographic evidence of 
left atrial enlargement. 

Interrelationships of left atrial pressure and 
volume (Fig. 3): The 21 patients were classified into 
four groups: There were 4 patients with elevated pul- 
monary capillary wedge pressure and normal echocar- 
diographic left atrial dimension, 6 patients with elevated 
pulmonary capillary wedge pressure and enlarged left 
atrial dimension, 6 patients with normal pulmonary 
capillary wedge pressure but enlarged left atrial di- 
mension and 5 patients with no abnormality of left atrial 
pressure or size. 

Of the 10 patients with elevated pulmonary capillary 
. wedge pressure, 6 (60 percent) had an abnormal left 
atrial dimension. Seven of the 12 patients (58 percent) 
with echocardiographic enlargement of the left atrium 
. had elevated pulmonary capillary wedge pressure. 
Prolonged P wave to coronary sinus activation time was 
present in each of the groups of patients with elevated 
left atrial dimension or elevated pulmonary capillary 
wedge pressure. Conversely, of all the patients who had 
a prolonged interatrial conduction time, only 50 percent 
. had elevated pulmonary capillary wedge pressure and 
60 percent had an increased left atrial dimension. Thus, 
there was no consistent relation between left atrial 
pressure and size, and echocardiographic left atrial size 
could not be predicted from either the surface electro- 
cardiogram or the pulmonary capillary wedge pres- 
sure. 

Left atrial pressure and volume relations with 
respect to origin of heart disease: The relation be- 
tween the mechanism of the production of electrocar- 
diographic left atrial enlargement and the etiologic type 
of heart disease is demonstrated in Figure 4. Data are 
displayed only for pulmonary capillary wedge pressure 
and echocardiographic left atrial dimension because all 
but one patient had a prolonged interatrial conduction 
time and thus abnormalities of the latter were inde- 
pendent of the origin of heart disease. 
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FIGURE 4. Etiologic correlates in 21 patients with a 
pattern of left atrial enlargement in the surface electro- 
cardiogram. Left relation of mean pulmonary capillary 
wedge pressure (PCW) to rheumatic heart disease (RHD), 
coronary artery disease (CAD), cardiomyopathy (CM) and 
atrial septal defect (ASD). Right, relation of echocardi- 
ographic left atrial dimension (ECHO-LAD) to the various 
types of heart disease. See text for further details. 
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FIGURE 3. Interrelations of left atrial pressure and size. The patients 
are placed in four groups based on left atrial size and pressure. The 
vertical line separates patients with normal from those with abnormal 
echocardiographic left atrial dimensions (ECHO-LAD) (normal = 40 


CPNT. TT E T" 
k 


mm). The horizontal line separates patients with normal from those _ 
with abnormal mean pulmonary capillary wedge pressures (PCW) _ 


(normal = 
even distribution in the four groups. 


In the nine patients with rheumatic mitral valve 
disease, there was a wide scatter of values for pulmo- 
nary capillary wedge pressure and in six of the nine, 
values were within normal limits. However, eight of the 
nine had an enlarged echocardiographic left atrial di- 
mension. The single patient with rheumatic heart dis- 
ease and a normal left atrial size on echocardiography 
had trivial mitral stenosis and a normal-sized left atrium 
on X-ray examination and on angiography. 

Of the seven patients with coronary artery disease, 
four had normal pulmonary capillary wedge pressure 
and five had a normal-sized left atrium on echocardi- 
ography. Thus, in this subgroup we found no relation 


between the electrocardiographic pattern of left atrial 


enlargement and pulmonary capillary wedge pressure 

or enlarged echocardiographic left atrial dimension. 
All four patients with cardiomyopathy had elevated 

pulmonary capillary wedge pressure, but only two of the 
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 mension. The one patient with an atrial septal defect 


had neither elevated pulmonary capillary wedge pres- 


. sure nor an increased left atrial dimension. 


Discussion 
Electrocardiographic left atrial enlargement and 


prolonged interatrial conduction time versus 


echocardiographic left atrial dimension: In this 
study we have attempted to clarify the significance of 


the electrocardiographic pattern termed left atrial en- 


largement by correlating this pattern with the three 
factors potentially responsible for its presence: left atrial 
pressure overload, left atrial volume overload and in- 
teratrial conduction defect. The technique of quanti- 
tating left atrial pressure from the determination of 
pulmonary capillary wedge pressures is well standar- 


ized. Standard M mode echocardiography was chosen 


as the technique to approximate left atrial size because 


prior investigations have shown an excellent correlation 


between echocardiographic left atrial dimension and 
angiographic assessment of left atrial volume.?-9 


. Echocardiographic left atrial dimension also appears 


superior to fluoroscopy and plane chest roentgenogra- 
phy in evaluating left atrial size.? This dimension has 
been used as an accurate measure of left atrial size in 


two recent assessments of the electrocardiographic P 


wave.^ 


The use of endocardial atrial mapping to analyze 
atrial conduction is a more recent and less well known 
technique. We have previously demonstrated its utility 
in measuring intra- and interatrial conduction in a large 


group of patients with normal and abnormal P wave 


morphology including those with electrocardiographic 


- left atrial enlargement.? Using P wave to coronary sinus 


activation time as a measure of interatrial conduction, 


_ we found that in the absence of congenital heart disease, 
- all patients with the electrocardiographic pattern of left 


atrial enlargement had prolonged interatrial conduction 


- (119 + 22 msec). Furthermore, when patients with this 
» pattern were compared with patients with a normal P 
. wave configuration, there was no overlap of interatrial 


conduction times but a great deal of overlap of right 


- atrial conduction times. Thus the electrocardiographic 


pattern of left atrial enlargement was always associated 


with prolonged interatrial conduction and relatively 
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-= normal or minimally prolonged right intraatrial con- 


duction time. Recently atrial endocardial mapping has 
been of particular value in the analysis of supraven- 


tricular arrhythmias,!9-1? and has become a routine 
_ procedure in clinical electrophysiology. 


Using these three techniques we found that the 
electrocardiographic pattern of left atrial enlargement 
was most consistently related to prolongation of inter- 
atrial conduction as determined by P wave to coronary 


activation time. All but one patient with the electro- 


cardiographic pattern of left atrial enlargement had a 
prolonged interatrial conduction time. Only 48 percent 
of patients with this electrocardiographic pattern had 
elevated pulmonary wedge pressure and 57 percent had 
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increased echocardiographic left atrial dimension. 
Furthermore, almost 25 percent of our patients with this 
electrocardiographic pattern had neither elevated left 
atrial pressure nor enlarged echocardiographic left atrial 
dimension. Thus only prolonged interatrial conduction 
time was significantly related to the electrocardio- 
graphic pattern termed left atrial enlargement. 

We have analyzed the echocardiographic left atrial 
dimension in 50 consecutive patients with the pattern 
of left atrial enlargement in the surface electrocardio- 
gram (unpublished data). Only 53 percent (26 patients) 
had an increased left atrial dimension. Conversely, of 
40 consecutive patients with a variety of illnesses 
demonstrating increased echocardiographic left trial 
dimension, only 26 manifested electrocardiographic left 
atrial enlargement. Of 40 consecutive patients with el- 
evated left ventricular filling pressures in the absence 
of mitral valve disease, only 15 met the electrocardio- 
graphic criteria for left atrial enlargement. Thus there 
was no relation between the surface electrocardio- 
graphic pattern of left atrial enlargement with volume 
or pressure overload of the left atrium in these 
groups. 

Prior investigations: Prior work!?-16 in patients 
with rheumatic mitral disease has shown that, although 
the electrocardiographic pattern of left atrial enlarge- 
ment is frequently associated with an enlarged left 
atrium as assessed with the chest roentgenogram or at 
operation, it is clear that atrial enlargement need not 
be present to produce this electrocardiographic ab- 
normality. Furthermore, these studies also demon- 
strated an inconsistent relation of increased left atrial 
pressure and the presence of electrocardiographic left 
atrial enlargement in mitral valve disease. Mazzoleni 
et al.!7 demonstrated that autopsy-calculated left atrial 
mass did not necessarily correlate with the presence of 
a deep negative P terminal force in lead V;. Further- 
more, there have been no data relating atrial abnor- 
mality in mitral valve disease to the electrocardio- 
graphic pattern of left atrial enlargement. The left atrial 
wall is frequently involved in rheumatic mitral valve 
disease; thus, the mere presence of an enlarged left 
atrium or an elevated left atrial pressure does not es- 
tablish the primacy of either in the genesis of this elec- 
trocardiographic pattern. The role of atrial inflamma- 
tion or scarring, or both, in the production of this elec- 
trocardiographic abnormality has yet to be assessed. 

In patients with chronic hypertensive heart disease, 
there does not appear to be a good relation between el- 
evated left atrial pulmonary capillary wedge pressure 
and the pattern of left atrial enlargement in the elec- 
trocardiogram.!®!9 Persistence of this electrocardio- 
graphic pattern despite effective control of hypertension 
suggests a lack of causal relation between left atrial 
pressure overload and this pattern in hypertensive pa- 
tients.1829 Thus, prior investigators in hypertensive and 
rheumatic mitral valve disease have suggested that, 
although there is frequently a relation between the 
electrocardiographic pattern of left atrial enlargement 
and left atrial pressure or volume overload, or both, 
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especially if the latter are severe, these abnormalities 
are not required to produce this electrocardiographic 
finding. 

Unifying concept of electrocardiographic left 
atrial enlargement: Our study of 21 consecutive pa- 
tients with electrocardiographic left atrial enlargement 
provides a unifying concept for the genesis of this elec- 
trocardiographic pattern. On the basis of our data we 
conclude that the electrocardiographic pattern com- 
monly termed left atrial enlargement is produced by an 
interatrial conduction defect that in turn may have 
multiple causes. It is impossible to say whether this 
conduction delay is due to a lengthening of the pathway 
the impulse traverses or slowing of conduction velocity 
as such, or both. As a whole, our group of 21 patients 
with electrocardiographic left atrial enlargement 
manifested no consistent relation between this pattern 
and elevation of pulmonary capillary wedge pressure or 
echocardiographic left atrial dimension. An increased 


left atrial size determined echocardiographically cor- 
related with the electrocardiographic pattern only in 
patients with rheumatic mitral valve disease. However, 
this finding does not mean that atrial fibrosis due to 
rheumatic carditis does not play a role in either the 
genesis of left atrial enlargement or the production of 
the electrocardiographic abnormality. Increased left 
atrial pressure seemed to correlate with the electro- 
cardiographic pattern of left atrial enlargement only in 
patients with cardiomyopathy. In patients with coro- - 
nary artery disease, neither echocardiographic left atrial 
enlargement nor elevated pulmonary capillary wedge 
pressure correlated with the electrocardiographic pat- 
tern of left atrial enlargement. In these cases, ischemia 
or infarction, or both, may play a role in the genesis of 
the interatrial conduction defect. We therefore suggest 
that the term left atrial enlargement is inappropriate 
for this electrographic pattern and should be replaced 
by interatrial conduction defect. 
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The sequence of antegrade atrial endocardial activation was evaluated 
in 49 patients: 24 with a normal P wave configuration, 15 with electro- 
cardiographic criteria for left atrial enlargement and 14 with a variety 
of supraventricular arrhythmias. In 17 patients, 6 with and 11 without 
evidence of the Wolff-Parkinson-White syndrome, retrograde atrial ac- 
tivation sequence was analyzed during ventricular premature beats, 
junctional rhythm or supraventricular tachycardia. The recording sites 
included the high mid- and low right atrium, the right atrioventricular (A-V) 
junction and the distal coronary sinus or the left atrium. In patients with 
normal P waves atrial activation began at either the high or the mid-right 
atrium and proceeded to the low right atrium and A-V junction and then 
the coronary sinus. A similar sequence of activation was noted in patients 
with left atrial enlargement, but activation at the coronary sinus was 
markedly delayed (77 + 8 [mean + standard deviation] versus 112 + 14 
msec, P « 0.001). In 11 patients without preexcitation retrograde acti- 
vation appeared earliest at the A-V junction then at the coronary sinus 
and high right atrium. Six patients with the Wolff-Parkinson-White syn- 
drome had normal antegrade atrial activation, and five of the six dem- 
onstrated eccentric retrograde atrial activation during supraventricular 
tachycardia. This study suggests that atrial endocardial mapping is an 
important diagnostic tool for evaluating supraventricular tachycardias 
and atrial conduction disturbances. 


The activation sequence of the human heart can be examined during 
cardiac surgery with epicardial mapping.!-? However, this technique has 
the obvious disadvantage of requiring a major operation. The ability to 
perform such studies with electrode catheters in the cardiac catheter- 
ization laboratory permits a greater number and variety of patients to 
be evaluated without surgery. 

Endocardial mapping with electrode catheters has been used to 
characterize the activation sequence of the human ventricles in several 
normal and abnormal conditions.*5 This report demonstrates that the 
technique of atrial endocardial mapping is a technically safe and re- 
producible method for determining the activation sequence of the atria 
in patients with normal P waves, left atrial enlargement or various ar- 
rhythmias. 


Methods and Materials 


Patients: The antegrade sequence of atrial endocardial activation was eval- 
uated in 49 patients. The patients were classified into four groups. Group A 
(Table I) consisted of 24 patients with normal P waves. Group B (Table II) 
consisted of 15 patients with electrocardiographic criteria for left atrial en- 
largement, namely, P wave duration greater than 110 msec and a terminal neg- 
ative force of the P wave in lead V, at least 0.04 second in duration and 0.1 mv 
in amplitude.9 Group C included 11 patients from groups A and B without evi- 
dence of antegrade or retrograde preexcitation in whom the retrograde atrial 
activation sequence was studied during spontaneous or electrically induced 
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TABLE | ventricular premature depolarizations, spontaneous junctional 


rhythm or supraventricular tachycardia (‘Table III). In Group 
D were 10 patients with a variety of supraventricular ar- 
rhythmias including atrial flutter (4 patients). E 
Recordings: All patients were studied in the postabsorptive 
nonsedated state after they had given informed consent. Two 


Normal Activation Sequence in 24 Patients With 
Normal P Waves 


Activation Times (msec) 
Case Age (yr) 


no. &Sex Diagnosis HRA MRA LRA AVJ CS to four bipolar electrode catheters with an intraelectrode 
distance of 10 mm were introduced percutaneously and placed 
: VONT. AAE PME LC a a AE CA MEL «at specific positions within the atria (Fig. 1). These positions 
2 18F Normal 5 15 37. 40; 78 J ; 2 : "use ; ; 
3 18F MV prolapse Up ae ee ae included the high right atrium at its junction with the superior 
4 21M ASD 20 10 38 48 84 " 
5 28M Normal 24 0 cre 2t 24 
6 44F HCVD 0 9 36 ^49 .* 25 
7 46F Atypical pain, normal 32 AS. SST 724 TABLE Ill 
8 48F Atypical pain, normal O0 25 28 34 78 1 . a 
9 dn ARES 2 284 Oy. 7,58. "See Retrograde Atrial Activation in 11 Patients Without 
10 56 ASHD, SSS D age "ap ome 4 : : 
"1 B2. HCVD a MASS LAS: Wolff-Parkinson White Syndrome 
12 59F | ASHD 28 5 22~ 38 gro ; 
13 61M ASHD 16 29^. 30 39-1. VE sor MOS e acral hath QUON T TOP P 
14 67M ASHD 32 6 34 44 83 Y 
15 50M ASHD  — 24 10 45 41 86 no. ANS es PHRA MBA LRA 
ja EA dau pain, normal i 8 iG a ed Junctional Rhythms 
18 65M ASHD, SSS 5. 20 P215 HU VV Be 
19 48F  HCVD 12. 25. 52 64 io ^ 25 w = ae 
20 73M ASHD ^ ME: 2 A B cM eq. A 
a py Aegre o e ez 15 | ; , aD a Supraventricular Tachycardia 
23 GBE- «SVT 22 AZ is. C4 20 
24 50M ASHD, SVT 10 25 ... 40 75 LT r; 4 3i S5 A 
Mean 16° 126 2°49 348. 79 24 0 38 50 d D 
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Ventricular Premature Depolarization, Ventricular Tachycardia With 


ASD = atrial septal defect; ASHD = atherosclerotic heart disease; Paced Rhythm 


AVB = atrioventricular block; AVJ = atrioventricular junction; CS = 


coronary sinus; HCVD = hypertensive cardiovascular disease; HRA = 1 0 e 50 20 Lm 
high right atrium; LRA = low right atrium; MRA = mid right atrium; 5 o 40 48 ez 
MV = mitral valve; PVT = paroxysmal ventricular tachycardia; SD 15 0 24 31 aei 27 
= standard deviation; SSS = sick sinus syndrome; SVT = supraven- 20 0 35 50 23 e 
tricular tachycardia. 21 0 32 48 dej P 

29 0 24 48 — 15 


Abbreviations as in Table I. 


TABLE II 


Atrial Activation Sequence in 15 Patients With 
Electrocardiographic Signs of Left Atrial Enlargement 






| 
WW) MATT, ANTE (ft 
! WAAC 
ANS 
d. 


Activation Times (msec) 


Wave 


Case Age (yr) Duration 


no. &Sex Diagnosis (msec) HRA MRA LRA AVJ CS 
25 30F ASD 117 3 30 47 64 84 
26 36M MS 136 32 5 71 65 110 
27 43F MS 115 45 28 ab V. 96 
28 48M ASHD 126 10 0 42 38 110 
29 49M HCVD 125 0 17 T2 66 110 
30 BAR. -HGVD 135 0 26 48 49 118 
31 52M ASHD 112 20 25 60 55 108 
32 52F MS/MR 142 5 35 65 67 130 
33 51F MS 140 25 0 BS oo! Eo 
34 59M  Cardio- 148 25 0 49 68 135 
myopathy 
35 58M MS 136 10 20. «7. 35° 120 
36 49M Cardio- 126 18 30 55 48 105 
myopathy 
37 39F MR,MS,AI 122 5 26 62 60 112 
38 49M Cardio- 115 ES ic NS. 40 95 
myopathy 
39 48M AI, MR 130 0 Tb. M ee 38 110 
Mean 128.3 15 18 56 53 4112 
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FIGURE 1. The sites at which catheters were positioned during atrial 


Al = aortic insufficiency; MR = mitral regurgitation; MS = mitral 
stenosis. Other abbreviations as in Table |. 
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endocardial mapping. AV = atrioventricular; HBE = His bundle elec- 
trogram; RA - right atrium. 
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FIGURE 2. Atrial endocardial activation sequence in patient with normal 
electrocardiographic P wave configuration. From top to bottom are 
electrocardiographic leads | and aVF (F) and intracardiac recordings 
from the high right atrium (HRA), low right atrium (LRA), A-V junction 
(His bundle electrogram, HBE), coronary sinus (CS) and time lines (T). 
The vertical line marks the reference point for measurement and is the 
earliest evidence of atrial electrical activity. In this case, it is the onset 
of the P wave. The activation time is measured to that point in the 
electrogram at which a rapidly moving signal first crosses the baseline. 
Activation proceeds from the high right atrium to the A-V junction, the 
low right atrium and the coronary sinus. H = His deflection; V = ven- 
tricular activation. 


vena cava, the mid lateral wall of the right atrium, the low 
right atrium at its junction with the inferior vena cava, the 
right atrioventricular (A-V) junction at the standard His 
bundle electrode position and the coronary sinus, which lies 
adjacent to the left atrium. When possible, direct left atrial 
recordings were made by way of a patent foramen ovale or an 
atrial septal defect. Landmarks used to localize catheter po- 
sition within the left atrium included the junction of the left 
atrium with each of its four pulmonary veins, the intraatrial 
septum and the left A-V junction. 

In each case an effort was made to record simultaneous 
electrograms from several catheter sites. In 42 patients three 
or four catheters were used. When this was not feasible, one 
catheter was kept in a fixed position as a reference electrode, 
while a second “exploring” electrode catheter was moved to 
each of the mapping locations. Catheter positions were con- 
firmed with cinefluoroscopic studies recorded on 35 mm film 
in the anteroposterior and lateral projections. Further veri- 
fication of the left atrial and coronary sinus positions was 
obtained from analysis of the oxygen content of blood drawn 
through luminal catheters at these sites. 

Signals from each electrode pair were led through a specially 
constructed multipolar junction box to model EEP amplifiers 
(Electronics for Medicine) and were filtered out below 40 hertz 
and above 500 hertz. The electrograms were displayed on a 
multichannel oscilloscope (Electronics for Medicine DR 16) 
with multiple simultaneously recorded electrocardiographic 
leads, usually leads I, aVF and V,;. Time marks at 10 and 100 
msec were generated by a custom designed impulse generator 
(Bloom Associates, Ltd., Narberth, Pennsylvania). All data 
were stored on magnetic tape at 3 3/4 inches (9.53 cm)/sec 
(Honeywell 14 channel analog tape recorder). The data were 
retrieved from the tape at 1 7/8 inches (4.76 cm)/sec and 
transferred to photographic paper at a rate of 200 mm/sec, 
corresponding to an effective paper speed of 400 mm/sec, 
which facilitates precise analysis of the data. Measurement 
at this paper speed is accurate within 2 msec. Electrocardio- 


D' 
x 
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graphic signals were electronically magnified to identify more 
accurately the onset of the P wave. Particular attention was 
paid to assuring that all instruments were properly isolated 
and grounded. 

Measurements: The earliest evidence of atrial activity 
recorded from either the intraatrial electrode catheters or from 
the P wave in the surface electrocardiographic lead was taken 
as the zero time reference for all measurements. Activation 
time was defined as the interval between the onset of atrial 
activation and that instant when the first large and rapidly 
moving deflection in the electrogram crossed the baseline. The 
recorded activation time represented the mean value of at 
least six consecutive electrograms obtained in each position 
by two of us (Fig. 2). Statistical analysis was performed using 
Student’s t test for paired data. Measurements were stable 
over 1 minute in roving catheters and were stable for 30 to 60 
minutes from catheters in fixed positions (for example, the 
His bundle electrogram). The effect of repositioning of cath- 
eters was evaluated in six patients. In each the catheters could 
be moved from the high to the low right atrium and back with 
less than a 5 msec difference in activation times. No compli- 
cations were noted in any patient as a result of these maneu- 
vers. 


Results 


Atrial activation in 24 patients with normal P 
waves: Mean activation times from each catheter site 
in the patients with normal P waves in the scalar elec- 
trocardiograms (Table I, Fig. 3A) were 15 + 11 msec 
(mean + standard deviation) at the high right atrium, 
12 + 9 msec at the mid right atrium, 41 + 13 msec at the 
low right atrium, 43 + 8 msec at the A-V junction and 
77 + 8 msec in the coronary sinus. Although the mean 
activation times at the high and mid right atrium were 
similar, individual values at these two sites differed from 
each other by 5 to 32 msec (Fig. 4). 

In 21 patients recordings from both the high and mid 
right atrium could be compared. In 11 of the 21, acti- 
vation was first observed in the high right atrium with 
mid right atrial activation occurring a mean of 13 msec 
later; in the remaining 10, the mid right atrium was 
activated earliest and the high right atrium was acti- 
vated 19 msec later. In three patients the high right 
atrium was depolarized 5 to 12 msec before the in- 
scription of the P wave in the surface electrocardio- 
gram. 

Mean activation times at the A-V junction and low 
right atrium, which are clearly distinguishable as sep- 
arate sites, were not significantly different from each 
other (P >0.05), but activation in each always occurred 
after high and mid right atrial activation (P «0.001). 
Coronary sinus or direct left atrial activation occurred 
after activation at all right atrial sites (P «0.001) in all 
21 patients, including 3 in whom multiple left atrial sites 
were mapped across an atrial septal defect or patent 
foramen ovale. 

Atrial activation in 15 patients with the electro- 
cardiographic pattern termed left atrial enlarge- 
ment: The sequence of activation in this group of pa- 
tients was similar to that of patients with normal P 
waves (that is, the high and mid right atrium were ac- 
tivated earlier than the low right atrium and A-V 
junction, and the coronary sinus or left atrial sites were 
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FIGURE 3. Atrial activation times in patients with normal P waves (left) and those with an electrocardiographic pattern of left atrial enlargement (right). 
The various mapping sites are indicated on the abcissa: high right atrium (HRA), mid right atrium (MRA), low right atrium (LRA), A-V junction (AVJ) 
and coronary sinus (CS). The activation time in msec is indicated on the ordinate. In both groups activation occurs earliest in the high or mid right 
atrium and proceeds to the low right atrium, A-V junction and coronary sinus. Only at the coronary sinus is there essentially no overlap in activation 
between patients with normal P waves and those with electrocardiographic criteria for left atrial enlargement (see text). 


activated latest. The mean activation times in this group 
were: high right atrium 15 + 13 msec, mid right atrium 
. 18 + 13 msec, low right atrium 56 + 10 msec, A-V 
junction 52 + 12 msec and coronary sinus 112 + 14 msec 
(Table II, Fig. 3B). Comparison of these patients with 
the group with normal P waves showed that activation 
at the coronary sinus was significantly delayed in the 
former 77 msec (normal P waves) versus 112 msec (P 
wave pattern of left atrial enlargement) (P «0.001) (Fig. 
3, A and B). 

Activation times at the low right atrium and A-V 
junction also occurred significantly later in patients with 
the pattern of left atrial enlargement than in patients 
with normal P waves (P «0.005 and P «0.01, respec- 
tively). However, overlap was observed in activation 
times at both the low right atrium and A-V junction 
despite the statistical significance. However, there was 
no overlap in the comparison of coronary sinus activa- 
tion times in those with normal P waves and those with 
a pattern of left atrial enlargement. The one patient 
with a pattern of left atrial enlargement in the surface 
electrocardiogram and a coronary sinus activation time 


of less than 90 msec had no echocardiographic, roent- 
genographic or angiographic evidence of left atrial en- 
largement. | 

Retrograde atrial activation: In 11 patients with- 
out evidence of preexcitation, retrograde atrial activa- 
tion was evaluated during spontaneous or electrically 
induced ventricular premature depolarizations, junc- 
tional rhythm or supraventricular tachycardia (Table 
III, Fig. 5 to 7). In each case, the site of earliest record- 
able atrial activation was the A-V junction. Activation 
in the coronary sinus was recorded 21 to 55 msec and in 
the high right atrium 31 to 65 msec after the A-V junc- 
tion. In each case, activation occurred in the coronary 
sinus before it occurred in the high right atrium. In four 
patients retrograde atrial activation was measured at 
the mid or low right atrium. In two patients mid right 
atrial activation occurred 20 and 55 msec after activa- 
tion at the A-V junction and in the other two patients 
the low right atrium was depolarized 15 and 27 msec 
after the A-V junction. 

Atrial activation in patients with atrial ar- 
rhythmias: 1. Atrial flutter: Four patients with atrial 
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flutter were studied (Table IV). In each case, endocar- 
dial electrograms recorded at the various sites main- 
tained a fixed relation with each other and the flutter 
waves in the surface electrocardiogram. Atrial depo- 
larization was observed to span the cardiac cycle; 
therefore, the earliest site of atrial activation could not 
be determined. 

The sequence of activation in each patient was con- 
stant. With the high right atrial electrogram arbitrarily 
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Activation Time msec 





HRA MRA 
FIGURE 4. The onset of atrial endocardial activation in 21 patients 
with normal P waves. Data from the same patient are connected. In 11 
patients, activation begins at the high right atrium (HRA) and spreads 
to the midright atrium (MRA). In the remaining 10, activation begins at 
the mid right atrium. In each case there is a significant difference be- 
tween activation times at the high and at the mid right atrium. 


TABLE IV 
Atrial Activation in Four Patients With Atrial Flutter 





Activation Times (msec) 
Age 
Case (yr) FCL Dist 
no. &Sex Diagnosis (msec) HRA MRA AVJ CS 


40 58F ASHD 255 0 60 143 180 
41 57F MR 235 0 45 130 160 
42 49M Cardio- 360 0 55 oy 225 
myop- 
athy 
43 35M WPW, 205 0 ee 95 70 
type 
A 





FCL = flutter cycle length; WPW = Wolff-Parkinson-White syn- 
drome. Other abbreviations as in Tables | and Il. 


selected as a reference point, activation in three of the 
four patients proceeded from the high right atrium to 
the A-V junction and then to the coronary sinus. In one 
patient (Fig. 8), activation proceeded from the high 
right atrium to the coronary sinus and then to the A-V 
junction. In one patient whose flutter cycle length was 
250 msec (240/min) on admission, administration of 
quinidine sulfate for 4 days lengthened the atrial cycle 
length to 360 msec (167/min) when the mapping was 
performed (Fig. 9). The patient with the slowest flutter 
rate (that is, longest cycle length) had the longest in- 
tersite activation intervals. 
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FIGURE 5. Retrograde atrial activation during a ventricular premature 
beat. Scalar leads | (1) and V, are displayed with electrograms from 
the high right atrium (HRA), low right atrium (LRA), A-V junction (His 
bundle electrogram, HBE) and coronary sinus (CS). After the ventricular 
premature beat, retrograde conduction to the atria occurred and ret- 
rograde atrial activation recorded in the His bundle electrogram pre- 
ceded that recorded in the coronary sinus and the low and the high right 
atrium. T — time lines. 


1—200 msec. 





FIGURE 6. Retrograde atrial activation during junctional rhythm. From 
top to bottom are electrocardiographic leads |, Il, Ill and V4, high right 
atrial electrogram (HRA), coronary sinus electrogram (CS), His bundle 
electrogram (HBE) and time lines (T) at 10 and 100 msec. Junctional 
(His bundle) rhythm is present at a cycle length of 775 msec. The His 
deflection (H) precedes atrial (A) and ventricular (V) activation. The 
earliest atrial activation appears in the His bundle electrogram at the 
A-V junction and is followed by coronary sinus and high right atrial ac- 
tivation 40 and 45 msec later, respectively. 
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2. Wolff-Parkinson-White syndrome with supra- 
ventricular tachycardia: Six patients with the Wolff- 
Parkinson-White syndrome were evaluated during 
normal sinus rhythm and during supraventricular 
tachycardia. Four patients had Wolff-Parkinson-White 
type A, one had type B and the condition of the re- 
maining patient could not be accurately classified be- 
cause of a biphasic delta wave in lead V (the classifi- 
cation had been type B because the major QRS deflec- 
tion was negative). All six patients had a normal atrial 
activation sequence during sinus rhythm (Table V, Fig. 
10). During supraventricular tachycardia, in all patients 
with type A the earliest site of retrograde atrial activa- 
tion was obtained from the coronary sinus electrode 
(Fig. 11). Activation at the coronary sinus occurred 20 
to 60 msec earlier than at the A-V junction, which was 
consistently the second site of recorded atrial activation. 
Furthermore, during sinus rhythm, the onset of the 
ventricular electrogram recorded from the coronary 
sinus electrode invariably occurred during the inscrip- 


FIGURE 7. Retrograde atrial activation during 
supraventricular tachycardia. From top to bottom 
are electrocardiographic leads |, aVF and V , and 
intracardiac recordings from the high right atrium 
(HRA), coronary sinus (CS) and His bundle (HBE). 
Left, a normal atrial activation sequence during 
normal sinus rhythm (NSR). Right, supraventricular 
tachycardia (SVT) at a cycle length of 360 msec. 
Note that atrial activation (A) is earliest in the His 
bundle electrogram and occurs slightly later in the 
coronary sinus and high right atrial electrograms. 
H — His deflection; V — ventricular activation. 


FIGURE 8. Atrial activation during atrial flutter. 
Surface electrocardiographic leads |, II, Ill and V4 
and electrograms from the high right atrium (HRA), 
coronary sinus (CS) and A-V junction (HBE) are 
simultaneously displayed. Atrial activity is present 
throughout the cardiac cycle and the sites of atrial 
activation (A) bear a constant relation to each T 
other. T — time lines at intervals of 10 msec. 
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TABLE V 


Antegrade Atrial Activation in Six Patients With the 
Wolff-Parkinson-White Syndrome è 


Age Activation Times (msec) 
Case (yr) 
no. & Sex 


Diagnosis HRA MRA LRA AVJ CS 


44 32M WPW, type 16 0 28 23 81 


45 19M WPW, type 0 24 m s 35 70 


46 35M MVP; WPW, 30 6 40 38 65 
type A; 
SVT; AF 

MVP; WPW, B Lad 40 35 70 
type A; 
SVT 

WPW, type 0 15 32 25 65, 
B; SVT 

WPW, type 15 8 doe 40 80 
A 


47 20F 


48  16F 
49 44M 


AF = atrial fibrillation; MVP = mitral valve prolapse; WPW = 
Wolff-Parkinson-White syndrome. Other abbreviations in Table |. 
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FIGURE 9. Atrial map from a patient with atrial 
flutter. Scalar electrocardiographic leads |, aVF 
and V, are recorded simultaneously with intra- 
A À A A cardiac electrograms from the mid right atrium 

H à ^ H " (MRA), A-V junction (His bundle electrogram, HBE) 

| | | sole) wd "-——] and the mid portion of the coronary sinus (CS). 

HBE eee V Atrial activity is recorded throughout the duration 
' ' f of the flutter wave. If the high right atrium is used 

A A A A as a reference, activation of the mid right atrium 

CS LS Se f os consistently precedes atrial activation in the His 
bundle electrogram and coronary sinus. This was 

17300 msec. the activation pattern in three of four patients with 

| EAGLE CUIR ARBOR CE ea SHE AA LM dl, Seca LIN H MP LI, Aae hai Ha flutter. A = atrial activation; H = His deflection. 





WPW-A 


aVF 


\ FIGURE 10. Antegrade atrial activation in a patient 
| with the Wolff-Parkinson-White (WPW) syndrome, 

MRA 0 type A. Intracardiac electrograms from the mid 
right atrium (MRA), mid portion of the coronary 

sinus (CS), A-V junction (His bundle electrogram, 

g| A l HBE) and the right ventricular (RV) apex are dis- 

cs AAN EMRE LS NT aE SR UE oe al played with surface leads |, aVF and V4. d" marks 
23 VH iM the delta wave on scalar lead V. The arrow indi- 

HBE cates the low voltage electrogram from the cor- 
| M i onary sinus occurring with ‘‘d’’. The close relation 


between the atrial and ventricular deflections re- 


E corded from the coronary sinus show that the 
1— 200 msec. — —3 bypass tract is left posterior in location. H — His 
EMIL MM SOS DEM pis qut dites Edidi aeu n err ipi icd qibiuieie poni dri Pd deflection. 
WPW-A SVT 
L 
aVF 
Vi 





FIGURE 11. Retrograde atrial activation during 
supraventricular tachycardia (SVT) in the same 
patient. The earliest evidence of retrograde ac- 
tivation of the atria is recorded from the coronary 
—-—- SİNUS. V = ventricular electrogram. 
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FIGURE 12. Antegrade and retrograde atrial activation in Wolff-Parkinson-White syndrome with presumed septal bypass tracts. Simultaneously 
displayed during supraventricular tachycardia (SVT) are surface leads |, aVF (F) and V and intracardiac electrograms from the high right atrium 
(HRA), coronary sinus (CS), A-V junction (His bundle electrogram, HBE), right ventricle (RV) as well as time lines (T). There is a normal retrograde . 
activation sequence: Atrial activation (A) is earliest in the His bundle electrogram followed by the high right atrium and coronary sinus. Time lines 
(T) are intervals of 10 msec. H = His electrogram; NSR = normal sinus rhythm; V = ventricular electrogram. 


tion of the delta wave. In one patient with definite 
Wolff-Parkinson-White type B, retrograde activation 
occurred earliest in the low lateral right atrium. In the 
patient with a biphasic delta wave in lead I, the retro- 
grade activation sequence was normal (Fig. 12). 


Discussion 


Normal atrial activation: The sinoatrial node is 
located at the junction of the superior vena cava and the 
high right atrium. Accordingly, it is presumed that atrial 
endocardial activation begins at the high right atrium. 
Our study demonstrated that this may not always be the 
case. In 10 of 21 patients with normal P waves, atrial 
activation at the mid lateral right atrium preceded that 
at the high right atrium; in the remaining 11, high right 
atrial activation occurred earlier. 

Three possible explanations exist: one anatomic, one 
physiologic and one technical. The sinus node in man 
is about 5 mm wide by 15 mm long and contains a 
myriad of potential pacemaker cells." Because any of the 
cells can assume pacemaker function, the location of the 
dominant pacemaker may change the site of origin or 
sequence, or both, of atrial depolarization.? It has been 
suggested, furthermore, that pharmacologic influences 
from norepinephrine, for example, and autonomic tone 
may shift the atrial pacemaker within the sinus node.?.!9 
Second, because conduction to the atrium may depend 
upon specialized conduction pathways, the mode of 
egress of the impulse from sinus node to atrial myo- 
cardium may vary under different local conditions. Fi- 
nally, the location of the electrodes could affect the 


observed depolarization sequence. To minimize this 
possibility, particular care was taken in positioning the 
electrodes to the prescribed locations as noted pre- 
viously. 

P-A interval: The P-A interval is taken as a measure 
of conduction time between the onset of atrial activation 
as measured in the surface electrocardiogram to the 
depolarization of the floor of the right atrium as mea- 
sured in the His bundle electrogram. However, in almost 
10 percent of our patients the high or mid right atrial 
activation preceded the surface P wave by 5 to 12 msec. 
Thus, in these cases the P-A interval would not accu- 
rately reflect right intraatrial conduction time. Others!! 
have suggested that the onset of atrial activation be 
measured from the high right atrial electrogram posi- 
tioned near the sinus node at the junction of the supe- 
rior vena cava. However, our data demonstrate that this 
measurement would frequently underestimate the P-A 
conduction time because atrial activation at the mid 
right atrium preceded atrial activation at the high right 
atrium in nearly half the patients who had normal P 
waves. 

Does the P-A interval really measure “intraatrial 
conduction” as has been frequently suggested? We 
think not. At best it reflects right intraatrial conduction. 
Even this assumption may be incorrect, for in 4 of 12 
patients with normal P waves and in 5 of 10 patients 
with left atrial enlargement in whom comparable 
measurements could be made activation at the low right 
atrium occurred later than at the A-V junction (Fig. 2). 
Hence, the P-A interval in these patients did not even 
represent right intraatrial conduction time. 
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However, the P-A interval may be an indirect re- 
flection of right intraatrial conduction and therefore be 
prolonged in conditions that cause right atrial en- 
largement or hypertrophy. Such P-A prolongation has 
been observed in patients with Ebstein's anomaly of the 
tricuspid valve, a defect associated with a large right 
atrium.? | 

Left atrial enlargement: Activation of the left 
atrium was delayed when the criteria for left atrial en- 
largement were met in the scalar electrocardiogram. In 
15 of 16 cases, the activation time recorded in the cor- 
onary sinus exceeded 90 msec. In the only patient whose 
coronary sinus activation time was less than 90 msec and 
whose P waves suggested left atrial enlargement, the left 
atrial size as determined from roentgenographic, 
schocardiographic and angiographic studies and the left 
heart hemodynamic data were each within normal 
limits. All patients with normal P waves had a coronary 
sinus activation time of 88 msec or less. Puech et al.!? 
have also reported prolonged left atrial activation time 
in patients with electrocardiographic left atrial abnor- 
malities. 

Preliminary hemodynamic, echocardiographic and 
electrophysiologic correlative studies of left atrial en- 
largement, now underway in our laboratories,!?4 
suggest that left atrial enlargement as recognized in the 
electrocardiogram is primarily due to a conduction de- 
fect and does not necessarily correlate with either 
echocardiographic left atrial enlargement or increased 
left ventricular filling pressures. 

Multivariate analysis of our data demonstrated sig- 
nificantly long activation times at the low right atrium 
and A-V junction when electrocardiographic criteria for 
left atrial enlargement were present. However, because 
of the overlap (Tables I and II, Fig. 3, A and B), use of 
these points to predict left atrial enlargement is not 
helpful in any specific case. The electrocardiographic 
ibnormality of left atrial enlargement correlates most 
closely with a delay in left atrial activation. The lesser 
legree of delay of right atrial activation may be related 
to concomitant disease of the right atrium considering 
that many of our patients had rheumatic heart disease 
or cardiomyopathy. 

Retrograde atrial activation: Our study demon- 
strates that in the absence of lateral bypass tracts ret- 
rograde atrial activation, whether from ventricular 
oremature depolarizations, ventricular pacing, junc- 
‘tional rhythm or during A-V nodal reentrant supra- 
ventricular tachycardia, begins in the region of the A-V 
iunction. 'The wave front then appears to spread upward 
nto both atria. Our data do not clarify whether spe- 
"lalized or preferential pathways are utilized for atrial 
ictivation.15-17 

Supraventricular arrhythmias: 1. Atrial flutter: 
Jur data suggest that some portion of the atria is always 
indergoing depolarization during atrial flutter. Signals 
were recorded from atrial locations throughout each 
*cycle" regardless of the polarity of the atrial deflections 
n the surface electrocardiogram. Thus, it seems unlikely 
hat part of the flutter deflection is a “T,” wave repre- 
senting atrial repolarization, but rather that all this 


electrocardiographic activity is produced by activation 
as the front circles the atria.!? 

Consideration of certain temporal relations supports 
a macroreentry mechanism for atrial flutter. We and 
others !? have found human atrial refractoriness to be 
in the range of 190 to 250 msec. Flutter “rate” is typi- 
cally 250 to 350/min with the atria activated at intervals 
of 240 to 170 msec. The similarity between the flutter 
cycle length and the atrial refractory period is striking. 
Even taking into consideration the slight shortening of 
myocardial refractoriness at faster rates, one is driven 
to the conclusion that the atrial rate in flutter is a 
function of the chambers' refractoriness. Further sup- 
porting this hypothesis is the slowing of flutter by drugs 
such as quinidine that increase atrial myocardial re- 
fractoriness.2° It therefore appears to us that the 
mechanism of atrial flutter is sustained intraatrial 
reentry. 

2. Supraventricular tachycardia: Atrial endocardial 
mapping is necessary to define accurately the mecha- 
nism of supraventricular tachycardia in patients with 
the Wolff-Parkinson-White syndrome. In such patients 
supraventricular tachycardia need not result from a 
reentrant circuit involving a ventriculoatrial bypass 
tract: it may be due to A-V nodal reentry.??! Eccentric 
atrial activation demonstrated during supraventricular 
tachycardia establishes the presence of a bypass tract 
that forms the retrograde limb of the reentrant pathway 
during the tachycardia.??22 

Our data are in agreement with the work of previous 
investigators who have shown that in patients with type 
A Wolff-Parkinson-White syndrome the earliest site of 
retrograde atrial activation during supraventricular 
tachycardia is detected in the coronary sinus. Retro- 
grade A-V junctional activation in such patients always 
occurs later, the reverse of the normal pattern (Fig. 5 
and 7). 

In our one case of type B Wolff-Parkinson-White 
syndrome a paraseptal bypass tract may have been 
present. During supraventricular tachycardia the nor- 
mal retrograde activation sequence was found.??? That 
the supraventricular tachycardia coursed through a 
septal bypass tract rather than exclusively in the A-V 
node was supported by initiation of the tachycardia 
without critical prolongation of A-V nodal conduction 
and by alteration of the cycle length of the tachycardia 
on appearance of functional bundle branch block.?? It 
has recently been demonstrated?‘ that superior initial 
forces of the delta waves identify septal bypass tracts; 
our patients had negative delta waves in II, III and 
aVF. | 

Endocardial atrial mapping forms part of the elec- 
trophysiologic evaluation of patients with supraven- 
tricular tachycardia and the Wolff-Parkinson-White 
syndrome. The technique helps to locate the bypass 
tracts and identify their role in initiating and main- 
taining the arrhythmia. 

Clinical applications: Atrial endocardial mapping 
provides a reproducible method of analyzing intra- and 
interatrial conduction. 'The information so obtained can 
be utilized to (1) diagnose intra- and interatrial con- 
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duction defects and to determine their relation to P 
wave morphology; (2) localize the site of origin of atrial 
premature depolarizations; (3) evaluate the mechanisms 
of supraventricular tachycardias, in particular those 
associated with the Wolff-Parkinson-White syndrome; 
and (4) localize the site of bypass tracts in patients with 
the Wolff-Parkinson-White syndrome who are candi- 
dates for surgery. 
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Among 68 patients with mitral insufficiency who had right and left cardiac 
catheterization and left ventriculography, 6 had retrograde transmission 
of the left atrial V wave into the main pulmonary artery. All of these pa- 
tients had mitral insufficiency of acute onset. The remaining 62 patients 
had chronic mitral insufficiency that was considered severe in 17. Pul- 
monary vascular resistance was lower in the group with acute insuffi- 
ciency (mean 139 dynes sec cm 5) than in the group with chronic severe 
insufficiency (mean 631 dynes sec cm ?) (P <0.005). Nondistensibility 
of the left atrium and low pulmonary vascular resistance were the two 
factors favoring retrograde transmission of V waves. Because both factors 
are present in acute mitral regurgitation, this finding is helpful in differ- 
entiating patients with acute mitral insufficiency. 


Although the transmission of a large left atrial V wave into the pulmo- 
nary artery has been described in animals! and in man,?? the clinical 
importance of this observation has not been well defined.*-!® In 1906, 
MacCallum and McClure! recorded this finding in dogs after acutely 
increasing the severity of the mitral regurgitation. In their experiments, 
the height of the V wave recorded in the pulmonary artery exceeded that 
of the pulmonary arterial pressure curve only in animals with severe 
acute mitral insufficiency. In 1958, Levinson et al.? reported the trans- 
mission of left atrial V waves into the main pulmonary artery in seven 
patients with chronic mitral regurgitation, but none had a V wave whose 
height significantly exceeded that of the main pulmonary arterial 
pressure curve. In 1962, Werko? stated that in severe mitral regurgitation, 
the pressure of the transmitted V wave may exceed the systolic pressure 
in the pulmonary artery. 

We recently encountered a patient with acute severe mitral insuffi- 
ciency who had a V wave in the pulmonary artery whose pressure sig- 
nificantly exceeded the systolic pressure in the main pulmonary artery. 
This prompted us to review our recent catheterization experience in a 
search for similar cases. We wished to determine if this transmitted V 
wave that exceeded the height of the systolic pressure curve in the main 
pulmonary artery could be used as a criterion not only of the severity of 
the mitral insufficiency but also of its acuteness. 


Clinical Material and Methods 


Between June 1974 and December 1975, a total of 760 cardiac catheterizations 
were performed in adult patients at the University of Kansas Medical Center. 
All patients were studied with right heart catheterization, retrograde left ven- 
tricular catheterization and left ventricular cineangiography. Left atrial pressure 
was determined from pulmonary arterial wedge pressure or transseptal left atrial 
catheterization, or both. All pressures were recorded with fluid-filled catheters 
using a DR-8 Electronics for Medicine recorder and Statham P23Db pressure 
transducers with a paper speed of 25 and 50 mm/sec. Pulmonary arterial pres- 
sures were routinely recorded from the wedge position, the branch pulmonary 
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TABLE | 


Pulmonary Arterial V Wave and Degree of Mitral 
Regurgitation in 68 Patients 


Patients (no.) 

V wave in pulmonary arterial pressure tracing 

Present 6 

Absent 62 
Degree of mitral regurgitation 

Mild 25 

Moderate 20 

Severe 17 


artery and the main pulmonary artery. Cardiac output was 
determined with the direct Fick method. Pulmonary vascular 
resistance was calculated in absolute resistance units and 
expressed in dynes sec cm^?. Left ventriculography was per- 
formed in the 30° right anterior oblique projection, and the 
severity of mitral incompetence was assessed angiographi- 
cally.!? 

Among the 760 patients studied, 68 had mitral regurgita- 
tion, of whom 6 had a readily identifiable V wave in the 
proximal main pulmonary arterial pressure tracing. These V 
waves were identified as sharp upward deflections on the 
descending limb of the pulmonary arterial pressure curve, 
having the same temporal relation as the V waves in the pul- 
monary arterial wedge pressure or the direct left atrial pres- 
sure tracing. In all patients height of the V wave equaled or 
exceeded that of the peak pulmonary arterial systolic pressure 
curve. Patients whose V wave was lower than the pulmonary 
arterial systolic pressure curve were specifically excluded from 
study because of the difficulty in distinguishing the V wave 
from catheter artifact. None of the remaining 62 patients had 
a V wave in the pulmonary pressure curve in spite of the se- 
verity of the mitral insufficiency (Table I). T'hese 62 patients 
were further classified on the basis of angiographic findings, 
and the hemodynamic features of these groups were compared 
and statistically analyzed using the Student's t test. 


Results 


Transpulmonary transmission of the left atrial V 
wave to the main pulmonary artery was documented in 
6 of 68 patients with mitral insufficiency (Fig. 1). Clin- 
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PATIENT 5 6 


FIGURE 1. V waves in the main pulmonary arterial pressure tracings 
in six patients with acute mitral regurgitation. Patient 5 has a pacemaker 
artifact. 


ically all six had acute mitral insufficiency. Four of the 
six patients had mitral valve surgery, and all had evi- 
dence of an acute lesion of the mitral valve apparatus 
that could account for their sudden clinical deteriora- 
tion. Five had hemodynamically severe mitral insuffi- 
ciency and were considered operative candidates. One 
had moderately severe mitral insufficiency and was not 
considered an operative candidate because of severe left 
ventricular dysfunction and severe diffuse three vessel 
coronary artery disease (Table II). 

Left atrial or pulmonary arterial wedge pressure 
tracing: The remaining 62 patients had chronic mitral 
insufficiency; 45 in this group had a mild to moderate 
hemodynamic lesion and 17 had a severe hemodynamic 


Summary of Cardiac Catheterization Data in Six Patients With V Waves in Pulmonary Arterial Pressure Tracing 


Case Age (yr) PA. PAV 
no. & Sex Primary Diagnosis Mean Wave 
1 49M Mitral valve prolapse with acute 25 50 
ruptured chordae tendineae 
2 20M Mitral valve perforation due to 28 40 
endocarditis 

3 59M Mitral insufficiency due to 32 56 
papillary muscle infarction 

4 52M Mitral insufficiency due to 20 36 
papillary muscle infarction 

5 69M Rheumatic mitral insufficiency 38 54 
with ruptured chordae tendineae 

6 74M Mitral valve perforation due to 60 60 


endocarditis 


Pressures (mm Hg) 


Mean 


20 
18 
24 
16 
30 
30 


PAW PAW V -LA LA V Accessory 
Wave Mean Wave LVEDP CO Cl PVR Diagnoses 
50 20 50 14 4.0 2.2 100 AR 
40 18 40 24 7.3 3.9 109 AR 
56 32 4.4 2.4 146 3 vessel 
CAD 
36 18 5.3 3.0 60 3 vessel 
CAD 
54 16 3.0 1:2 205 wr 
60 30 60 3.7 1.9 216 AR 





AR = aortic regurgitation; CAD = coronary artery disease; CI = cardiac index (liters/min per m?); CO = cardiac output (liters/min); LA = left 
atrial; LVEDP = left ventricular end-diastolic pressure; MR = mitral regurgitation; PA = pulmonary arterial; PAW = pulmonary arterial wedge; 


PVR = pulmonary vascular resistance (dynes sec cm ?). 
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FIGURE 2. Differences in pulmonary vascular resistance in patients 
with chronic and acute mitral regurgitation. P = probability. 


lesion as determined with the methods previously de- 
scribed. Analysis of the height of the V wave in the left 
atrial or pulmonary arterial wedge pressure tracing was 
undertaken in the three groups of patients: the 6 pa- 
tients with acute mitral insufficiency, the 17 patients 
with chronic severe mitral insufficiency and the 45 pa- 
tients with chronic mild to moderate mitral insuffi- 
ciency. Although the V waves tended to be higher in the 
group with acute insufficiency, there was no statistically 
significant difference in the mean of the height of the 
V waves in these three groups. 

Pulmonary vascular resistance: Because vascular 
resistance is an important factor in the transmission of 
a pulse wave through a vascular bed,!? we examined the 
differences in pulmonary vascular resistance between 
the 6 patients with acute mitral insufficiency and the 
17 with severe chronic mitral insufficiency (Fig. 2). Al- 
though these were not homogeneous groups, they were 
distinguished by the fact that the 6 patients had an 
acute onset of heart failure (days), whereas the 17 had 
chronic heart failure (weeks or months). The pulmonary 
vascular resistance was much lower in the group with 
acute insufficiency (mean 139 dynes sec cm~) than in 
the group with chronic insufficiency (mean 631 dynes 
sec cm?) (P «0.005). 

Pulmonary arterial contamination by transcapillary 
regurgitation of oxygenated venous blood could have 
altered the results of the cardiac output as measured by 
the Fick method, and thus the determination of the 
pulmonary vascular resistance. However, this was not 
considered an important factor because the pulmonary 
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arterial saturations ranged from 55 to 75 percent in the 
six patients with acute mitral insufficiency. These re- 
sults were similar to those found in the 62 patients with 
chronic mitral insufficiency. 


Discussion 


In 1906, MacCallum and McClure! were the first to 
bring attention to the alteration of the pulmonary ar- 
terial pressure wave form in dogs with mitral insuffi- 
ciency. They noted the appearance of a shoulder on the 
descending limb of the systolic pulmonary arterial 
pressure tracing nearly coincident with the large reflux 
wave in the left atrium when mitral regurgitation was 
acutely induced. This phenomenon was not affirmed 
clinically until 1955, when Radner!$ described a patient 
with this "mitral insufficiency shoulder" in the pul- 
monary arterial pressure curve. However, Radner did 
not correlate this finding with acute mitral insufficiency, 
but considered it useful as an index of the severity of 
mitral regurgitation. Retrograde transpulmonary 
transmission of the V wave was recorded in seven pa- 
tients studied by Levinson et al.,? but again no corre- 
lation was drawn regarding the duration of the mitral 
insufficiency. 

The V wave in the main pulmonary arterial pressure 
tracing in our six patients could easily be recognized as 
a large systolic deflection on the descending limb of the 
pulse tracing that was equal to or exceeded the deflec- 
tion of the pulmonary arterial systolic pressure. It was 
identical in height to the V wave recorded in the left 
atrium or in the pulmonary arterial wedge position. 
Each of the six patients had a clinical history of an acute 
mitral valve catastrophe that heralded the onset of heart 
failure, and, in the four patients who underwent surgery, 
an anatomic disruption of one part of the mitral valve 
apparatus was verified. 


Factors Determining Transmission of V Wave 


Two important factors determine the transmission 
of a pulse wave. These are the magnitude of the pulse 
wave and the resistance of the vascular bed through 
which it is transmitted.!’ Factors that increase the 
magnitude of the pulse wave and decrease vascular re- 
sistance will facilitate pulse wave transmission, whereas 
factors that decrease pulse wave magnitude or increase 
vascular resistance will inhibit pulse wave transmis- 
sion. 

The distensibility of the left atrium: This is an 
important determinant of left atrial pressure. With 
chronic mitral insufficiency, the progression of the 
disease is slow and deliberate. The left atrium distends 
gradually, becoming very thin-walled, distensible and 
capable of accepting a large volume of regurgitant flow 
without a dramatic increase in pressure. This is in 
contrast to acute mitral insufficiency, where there is a 
sudden onset of a large volume of regurgitant flow and 
a marked increase in pressure. Baxley et al.!® measured 
left atrial volume with use of quantitative biplane left 
heart angiocardiograms in 25 patients with confirmed 
ruptured chordae tendineae and in 25 with chronic 
rheumatic mitral regurgitation. They found that as a 
group the patients with acute mitral regurgitation had 
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a smaller left atrial maximal volume (mean 119 versus 
2677 ml/m2) and a less distensible left atrium (mean 1.61 
versus 5.14 ml/mm Hg per m?). The delayed clearance 
of blood from the left atrium is a result not only of the 
degree of insufficiency, but also of the flow patterns in 
the left atrium and left ventricle, the size, shape and 
distensibility of the walls of these two chambers and 
associated valve disease. 

Therefore, with the onset of acute mitral insuffi- 
ciency, the left atrium behaves as a poorly distensible 
reservoir for regurgitant left ventricular blood. This 
results in a giant left atrial V wave and retrograde 
transpulmonary transmission of this wave as far back 
as the main pulmonary artery. This huge V wave is not 
dampened by the nondistensible left atrium or by the 
pulmonary vascular bed since the latter has not devel- 
oped increased resistance. Absence of the V wave in the 
main pulmonary artery does not exclude the presence 
of acute mitral insufficiency, but all of our six patients 
with acute mitral insufficiency had this V wave. 

In the presence of associated severe aortic regurgi- 
tation, early closure of the mitral valve may occur and 
influence left atrial hemodynamics as well as the 
transmission of pressure waves to the pulmonary circuit. 
No evidence of premature mitral valve closure was 
noted in our three patients with associated aortic in- 
sufficiency. Although aortic insufficiency and left 
ventricular dysfunction can independently aggravate 
mitral insufficiency, these factors would only operate 
to increase the amplitude of the V wave and would not 
affect its transmission through the pulmonary vascular 
bed. 

Pulmonary vascular resistance: The second im- 
portant factor influencing pulse wave transmission is 
vascular resistance. Chronic pulmonary venous hyper- 
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tension due to a congenital or acquired disease causes 
characteristic changes in lung parenchyma and in the 
pulmonary arteries and veins.!? These include increased 
thickness of the media of the muscular pulmonary ar- 
teries, medial hypertrophy in arteries and arterioles, 
intimal fibrosis, increased thickness of pulmonary veins 
greater than 200 u in diameter, severe intimal fibrosis 
of the venules and widespread pulmonary interstitial 
fibrosis. Heath and Edwards! found that the severity 
of these histologic changes is related to aging of the 
patient and duration of the illness. Therefore, when left 
atrial pressure is chronically elevated, the pulmonary 
vascular resistance is sometimes extremely high, and the 
large V waves do not transmit to the main pulmonary 
artery. 

Levinson et al.? thought that V wave transmission to 
the pulmonary artery was due to altered pulmonary 
vascular “tone,” but they did not define this term. 
However, all of their patients had normal or decreased 
pulmonary vascular resistance. 


Clinical Implications 


We found that the pressure of a large V wave in the 
main pulmonary arterial tracing was associated with 
acute mitral regurgitation in every instance and with an 
acute anatomic lesion of the mitral valve in each of the 
four patients whose disease was confirmed pathologi- 
cally. The identification of a V wave in the main pul- 
monary artery helped to differentiate acute from 
chronic mitral regurgitation, which was important for 
proper clinical management. The application of this 
interesting hemodynamic phenomenon may permit the 
bedside differentiation of acute from chronic severe 
mitral insufficiency with use of a Swan-Ganz cathe- 
ter. 
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Ischemic contracture of the left ventricle (“stone heart") occurs in the 
rat heart after a period of global ischemia at 37° C. The time of onset of 
contracture can be delayed by various interventions that reduce myo- 
cardial energy demand, increase myocardial energy supply or reduce 
cellular calcium influx. Conversely, the time of onset of contracture may 
be advanced by interventions that reduce the energy supply. Analysis of 
myocardial energy metabolism, and particularly of adenosine triphosphate 
(ATP) availability in relation to the onset and duration of contracture 
suggests that contracture is initiated when the cellular ATP content de- 
creases to approximately 12 umoles/g dry weight. Furthermore, the 
progression of contracture is characterized by an acceleration in the rate 
of ATP degradation and the completion of contracture coincides with the 
reduction of ATP to 3 to 4 umoles/g dry weight. The results of this study 
suggest that the development of ischemic contracture represents the 
accumulation of rigor complexes arising as a result of an ATP deficiency. 
These rigor complexes are able to exacerbate the contracture by pro- 
moting uncontrolled ATP hydrolysis. Although the development of these 
complexes and the onset of contracture is calcium-insensitive the results 
indicate that calcium availability may influence the magnitude of the 
developed contracture. 


In 1972 in this Journal Cooley et al.! and Katz and Tada? described and 
discussed ischemic contracture of the heart or the “stone heart" as a 
challenge to the biochemist. In this paper we detail studies of the origins 
and possible methods of prevention of this phenomenon. Ischemic 
contracture of the myocardium may occur in the human heart during 
prolonged periods of ischemic arrest associated with some forms of 
cardiac surgery.'-? In this condition, which resembles rigor in skeletal 
muscle, the left ventricle becomes firm and contracted. In practical 
surgical terms this systolic arrest appears to be irreversible.* 

There has been considerable speculation!-? concerning the bio- 
chemical basis of this phenomenon, and it has been suggested that the 
severe depletion of adenosine triphosphate (A'TP) that is associated with 
prolonged ischemia may be responsible for the onset of the ischemic 
contracture. Although no surgical or pharmacologic manipulations have 
been found to reverse the contracture, the use of topical hypothermia 
during ischemia or the use of preoperative beta adrenergic blockade has 
been reported!?4 to prevent or delay its onset. 

In recent studies®~’ using a rat heart model of cardiac bypass and 
ischemic cardiac arrest, we have proposed a relation between myocardial 
A'TP content and the onset of tissue damage and have described several 
interventions that are able to prevent or delay the onset of myocardial 
damage. These interventions (such as topical hypothermia or the 
preischemic coronary infusion of solutions containing potassium, mag- 
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FIGURE 1. Development of ischemic 
contracture in the left ventricle of the 
isolated rat heart. The pressure tracing, 


obtained from a balloon catheter in- onset 
serted in the left ventricle, was re- of 
corded for 30 minutes. ischemia 


nesium, procaine, ATP, and other agents) were aimed 
at either the conservation of cellular ATP supplies or 
the amelioration of various deleterious cellular changes 
known to occur during ischemia. In the absence of any 
intervention we observed that rat hearts subjected to 
normothermic ischemic arrest rapidly manifested 
contracture of the left ventricle. 

The rat heart model appeared to offer both a valuable 
means of investigating the biochemical basis of ischemic 
contracture and a convenient system for evaluating 
methods of preventing such contracture. 'The aims of 
the present study were twofold: (1) to evaluate whether 
certain interventions known to increase the resistance 
of the myocardium to ischemia are able to prevent or 
delay the onset of contracture; and (2) to attempt to 
relate the onset of contracture to myocardial energy 
metabolism (particularly ATP availability) and to in- 
terpret these findings in the light of current theories*? 
of the relative roles of ATP and calcium in the initiation 
and control of contraction and contracture. 


Materials and Methods 


Experimental model: Male rats (280 to 320 g) of the 
Sprague-Dawley strain, maintained on a standard diet were 
used in these experiments. They were lightly anesthetized 
with diethyl ether, the left femoral vein was exposed and 
heparin (200 IU) was administered intravenously. One minute 
after the administration of heparin, the heart was excised!? 
and placed in ice-cold perfusion medium until contraction had 
ceased (approximately 30 seconds). The aorta was then 
mounted on a stainless steel cannula attached to a perfusion 
fluid reservoir. The pulmonary artery was incised to ensure 
adequate coronary drainage, perfusion!! at 37° C was ini- 
tiated, and spontaneous contraction was started within 10 
seconds. A balloon catheter was inserted into the left ventricle 
by way of the left atrium and after it was secured in a suitable 
position, the ventricular balloon, attached to a pressure 
transducer and recording system, was inflated with 0.150 ml 
of fluid. The heart was enclosed in a waterjacketed chamber 
that, like the perfusion fluid reservoir, was maintained at 37? 
C. The heart (which was not electrically paced) was perfused 
at a pressure of 65 cm H20 with bicarbonate buffer®7-1213 (pH 
7.4) containing 11 millimolar glucose and gassed with 95 
percent oxygen and 5 percent carbon dioxide. 

Experimental time sequence: The heart was perfused for 
an initial 5 minute equilibration period (during which the 
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ventricular balloon catheter was inserted and inflated anda 
control ventricular pressure tracing obtained) with glucose- 
containing perfusion fluid. Perfusion was then terminated 
and, with use of a sidearm on the aortic cannula, a 2 minute 
period of coronary infusion (65 cm HO pressure) was ini- 
tiated. During this period the bicarbonate buffer was either 
substrate-free (for control studies) or contained the additives 
described under Results. After the 2 minute period of coronary 
infusion the aortic cannula was clamped and the heart was 
thus made globally ischemic. The heart was maintained at 37° 
C (or any desired degree of hypothermia) for a 30 minute pe- 
riod while left ventricular pressure was continuously recorded. _ 
The onset of contracture was detected by an elevation of re- 1 
corded pressure (Fig. 1). The extent of contracture at any time - 
could be expressed in absolute units derived from the change 
in balloon pressure or as a percent of the total change in 
pressure observed after completion of left ventricular con- 
tracture. 

Biochemical analysis: In a parallel series of studies, left 
ventricular tissue was taken for biochemical analysis at various 
times throughout the experimental time sequence. The left — 
ventricular wall was excised and was rapidly (within 5 seconds) 
frozen between stainless steel tongs!4 that had been cooled to 
the temperature of liquid nitrogen. The frozen tissue was then . 
taken for the determination of adenosine triphosphate (ATP), 
creatine phosphate, glycogen and dry weight, as described 
previously.53 Because the subcellular compartmentation and 
volumes of distribution of ATP, creatine phosphate and gly- 
cogen are not known, it was not possible to express these in- 
termediates in terms of true concentrations and therefore 
values for content were derived. The ATP and creatine 
phosphate contents were expressed as umoles/g dry weight 
and the glycogen content as umoles of glucose equivalents/g | 
dry weight. 

Results 

Onset and progression of contracture: To provide 
baseline control data for comparative studies, 12 hearts 
were subjected to a 2 minute period of preischemic 
coronary infusion with substrate-free bicarbonate buffer - 
containing no additives. The results (Fig. 2) demon- 
strated that contracture began approximately 7 minutes 
after the onset of ischemia and was complete approxi- 
mately 17 minutes after the onset of ischemia. Hearts 
denionstrated 50 percent contracture after 12.4 + 0.4 
(standard error of the mean) minutes. | 

Delaying the onset of contracture: In an attempt 
to delay the onset or reduce the magnitude of contrac- 
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FIGURE 2. The effect of various 
preischemic coronary infusates (bi- 
carbonate buffer [control], potassium 
ion [K*], magnesium ion [Mg?*], 
adenosine triphosphate [ATP] and 
glucose) upon the onset of ischemic 
contracture expressed as absolute 
contracture (top) and as percent of the 
final developed contracture (bottom). 
Twelve hearts were used for each 
condition; the bars represent the 
standard error of the mean. 


FIGURE 3. Relation between the onset 
and progression of contracture and the 
tissue content of adenosine triphos- 
phate (ATP), creatine phosphate (CP) 
and glycogen in the left ventricle during 
a 30 minute period of ischemia. Top, 
development of contracture in 12 
hearts. The bars represent the standard 
error of the mean. Bottom, metabolite 
changes. Each point represents at least 
four hearts. The bars indicate the 
standard error of the mean. 
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FIGURE 4. Relation between the development of contracture and tissue content of adenosine triphosphate (ATP) in the left ventricular muscle under 
a variety of conditions. A, preischemic infusion with buffer containing 0.5 mmoles/liter iodoacetate. B, use of glycogen-depleted hearts. C, control. 
D, preischemic infusion with buffer containing 16 mmoles/liter potassium. E, preischemic infusion with buffer containing 16 mmoles/liter potassium 
and 11 mmoles/liter glucose. F, 28? C hypothermia during ischemia. Each contracture curve represents the mean of 12 hearts and each point 
on the ATP curves represents at least four separate hearts. The bars represent the standard error of the mean. 
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ture, groups of 12 hearts were subjected to preischemic 
infusion with a variety of solutions that previous stud- 
ies" had shown to afford an element of protection 
during tissue ischemia. The results (Fig. 2) indicated 
that it was possible to delay the time of onset of con- 
tracture. Thus, after the infusion of bicarbonate buffer 
in which the potassium concentration had been elevated 
to 16 mmoles/liter, the time taken to reach 50 percent 
contracture was increased from 12.4 + 0.4 to 14.6 + 0.6 
minutes. If the magnesium concentration was also ele- 
vated to 16 mmoles/liter, there was a further delay to 
16.6 + 0.9 minutes. The inclusion of 10 mmoles/liter 
adenosine triphosphate (ATP) extended this further 
to 19.0 + 0.9 minutes and the additional inclusion of 11 
mmoles glucose/liter in the infusate gave an additional 
extension to 21.5 + 0.5 minutes. These results demon- 
strated that the actions of these agents were additive so 
that the potassium-magnesium-ATP-glucose infusion 
delayed the onset of contracture from 7 to 14 minutes 
(P <0.001) and the termination of contracture from 17 
to 27 minutes (P <0.001). The results in Figure 2 also 
show that topical hypothermia (28° C) for the duration 
of ischemia is particularly effective, and even after 30 
minutes only a minor degree of contracture was de- 
tectable. 

Metabolite changes during ischemia and con- 
tracture: Figure 3 relates the changes in myocardial 
adenosine triphosphate (ATP), creatine phosphate and 
glycogen to the onset and progression of ischemic con- 
tracture over a 30 minute experimental period in 12 
control hearts that were not subjected to the infusion 
of any protective solutions. Immediately after the onset 
of ischemia there was a precipitous decrease in creatine 
phosphate so that during the precontracture period the 
myocardial content decreased from 25 to 3 umoles/g dry 
weight. During this period there was a less rapid but 
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FIGURE 5. Relation between the onset of contracture and the increase 
in myocardial adenosine triphosphate (ATP). A combined plot of all 
experiments in 36 hearts in which ATP measured at various times is 
related to the extent of contracture observed at that time. The bars 
represent the standard error of the mean. 


progressive decrease in tissue glycogen so that by the 
onset of contracture extensive glycogen depletion had 
occurred. Analysis of the ATP content showed that 
there was a biphasic decrease with an initial reduction 
to a transient plateau level of approximately 13 
umoles/g dry weight. The onset of contracture was as- 
sociated with, or coincident with, the attainment of this 
level, and during the period of contracture the tissue 
ATP content decreased sharply. 

Energy metabolism and onset of contracture: To 
investigate the possibility that there may be a relation 
between the onset and progression of contracture and 
the energy metabolism of the myocardium, studies were 
carried out in which the adenosine triphosphate (ATP) 
content was measured under various conditions known 
to either increase or decrease cellular ATP availability. 
When six hearts were subjected to preischemic infusion 
with bicarbonate buffer containing 0.5 mmole/liter of 
iodoacetate (sufficient!® to inhibit anaerobic ATP 
production) contracture occurred rapidly, commencing 
at 2 minutes and being complete by 5 minutes (Fig. 4A). 
Biochemical analysis demonstrated that during this 
time the ATP content decreased to a very low value and 
suggested that the onset of contracture was associated 
with an ATP content of 12 to 15 umoles/g dry weight 
and that an acceleration of ATP depletion occurred 
during the period of contracture. In a similar series of 
experiments in which ATP production was limited by 
perfusing nine hearts depleted of glycogen by aerobic 
perfusion with substrate-free buffer for 25 minutes,!^ 
contracture (Fig. 4B) commenced after 2 to 3 minutes. 
and was complete by 11 to 12 minutes. Again a biphasic 
decrease in ATP was observed with a rapid depletion 
(from 15 to 5 umoles/g dry weight) during the period of 
contracture. 

Figure 4C shows the relation between contracture and 
ATP in 12 control hearts and Figure 4, D to F, shows the 
relation under various conditions of myocardial pro- 
tection. Thus, the preischemic infusion of solutions 
containing 16 mmoles/liter potassium (Fig. 4D) delayed 
the onset of contracture and also the rate of decrease in 
A'TP. Again, the initiation of contracture appeared to 
be associated with tissue ATP reaching the primary 
plateau value of 12 to 15 umoles/g dry weight, and after 
the onset of contracture there was a marked acceleration 
of ATP depletion. The inclusion of 11 mmoles/liter 
glucose in the elevated potassium infusate further de- 
layed the contracture (Fig. 4E) and the initial rate of 
decrease of ATP. Contracture commenced after 13 to 
14 minutes of ischemia and at this time the myocardial 
A'TP content was 12.5 umoles/g dry weight. During the 
period of contracture there was a characteristic accel- 
eration of ATP depletion. Hypothermia (Fig. 4F) 
markedly delayed the onset of contracture, which was 
not initiated for 20 minutes, when the ATP content had 
decreased to approximately 12 umoles/g dry weight. 

Onset of contracture and myocardial ATP levels 
(Fig. 5): The ATP content obtained at various times 
during the ischemic period was plotted against the 
percent contracture at the time of sampling. The results 
confirm the association between the onset of contrac- 
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ture and the reduction in myocardial ATP content to 
less than 12 umoles/g dry weight. 

Contracture—a possible calcium involvement: 
An increase in the cellular level of free calcium ions, due 
to the failure of energy-requiring pumps, may be in- 
volved in the onset and development of contracture. To 
investigate this possibility, several groups of nine hearts 
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FIGURE 6. Effect of the removal of 
calcium (Ca?*), the addition of 
D-600 (5.0 mg/liter) (a calcium an- 
tagonist), the addition of iodoacetate 
(IAA) (0.5 mmole/liter) or the re- 
moval of calcium and the addition of 
iodoacetate (0.5 mmole/liter) from 
the preischemic infusate upon (top) 
the onset and magnitude of con- 
tracture expressed in absolute units; 
(center) the progression of con- 
tracture expressed as percent of 
the final developed contracture, and 
(bottom) the changes in myocardial 
adenosine triphosphate (ATP) con- 
tent for each condition studied. Nine 
hearts were used for each condi- 
tion; the bars represent the standard 0 d 
error of the mean. 
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were infused under various conditions in which calcium 
fluxes were modified. Infusion of hearts with bicar- 
bonate buffer containing 5.0 mg/liter of the calcium 
antagonist D-600 (A. G. Knoll) or with buffer contaifing 
no calcium delayed the time of onset and rate as well as 
the magnitude of contracture (Fig. 6). Similarly, if the 
iodoacetate infusate (Fig. 4A) was made calcium-free 
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(Fig. 6) there was a small delay in the onset of contrac- 
ture, but a major reduction in its magnitude. Analysis 
of ATP changes during these experiments revealed that 
in each instance there was a corresponding protection 
so that ATP was maintained at more than 12 umoles/g 
dry weight for a longer period of time. 


Discussion 


. Ischemic contracture and myocardial adenosine 
triphosphate (ATP): Ischemic contracture of the left 
ventricle has been attributed to several mechanisms.? 
One possibility is the development of ATP-sensitive, 
calcium-insensitive rigor complexes. Alternatively, a 
calcium-sensitive systolic arrest may occur where high 
concentrations of calcium in the vicinity of the myofi- 
brils may prevent normal relaxation. From their studies 
of ischemic myocardial carbon dioxide tensions during 
ischemia, MacGregor et al.? inferred that the onset of 
contracture was associated with the cessation of glyco- 
lytic anaerobic ATP production and they concluded 
that ischemic contracture could be adequately ex- 
plained in terms of ATP depletion without invoking 
calcium involvement. 

Our results lead us to conclude that myocardial ATP 
avallability is a primary determinant of the onset and 
progression of ischemic contracture. However, it is 
possible that the extent of developed contracture may 
be influenced at least in part by calcium. Our results also 
indicate that the onset of ischemic contracture may be 
delayed by procedures that conserve cellular ATP 
supplies and may be advanced by procedures that re- 
duce cellular ATP content. 

After the onset of global ischemia there is an effective 
cessation of oxidative metabolism and its associated 
A'TP production. Despite a rapid decline of contractile 
activity, cellular energy demands exceed cellular energy 
supplies and there is a rapid depletion of creatine 
phosphate stores and a slower but progressive decline 
of ATP. The rate of depletion of ATP reflects the bal- 
ance between energy supply and energy demand. ATP 
is predominantly derived by the anaerobic glycolysis of 
glucose and endogenous glycogen. ATP utilization re- 
sults predominantly from reduced but continued con- 
tractile activity during the first few minutes of ischemia 
(Fig. 1), continued cellular anabolic and catabolic pro- 
cesses and the energy-requiring maintenance of various 
transmembrane ionic gradients (particularly those for 
sodium, potassium and calcium). In this connection, the 
inclusion of 16 mmoles/liter potassium in a preischemic 
infusate induces immediate cardiac arrest and conserves 
A'TP by preventing ischemic contraction. ATP supplies 
may also be increased by the provision of extracellular 
glucose and the consequent stimulation of anaerobic 
glycolysis. Conversely, iodoacetate poisoning or glyco- 
gen depletion reduces anaerobic ATP production and 
contributes to a rapid reduction in the ATP content of 
the tissue. Our data show that after the onset of isch- 
emia there is an early and rapid decrease in myocardial 
A'TP content, probably resulting from continued con- 
tractile activity and the termination of oxidative me- 
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tabolism. The subsequent reduction in the rate of ATP 
depletion probably reflects the combined effects of 
cardiac arrest and the glycolytic production of ATP 
from glycogen. 

Adenosine triphosphate (ATP) depletion and 
"rigor complexes": Continued ATP utilization in the 
face of reduced anaerobic ATP production results in a 
continued decrease in myocardial ATP content. Our 
results suggest that a reduction of the mean ATP con- 
tent to approximately 12 umoles/g dry weight is asso- 
ciated with the onset of contracture. The latter event 
is characterized by a marked acceleration in the rate of 
A'TP depletion, and completion of contracture occurs 
when the ATP content is reduced to approximately 3 
to 4 umoles/g dry weight. An explanation of these events 
may lie in the formation of rigor complexes as described 
by Weber and Murray.? Under normal conditions, with 
an adequate supply of ATP, the chemical events of 
muscle contraction involve the combination of a myosin 
head with a molecule of ATP and the activation of the 
complex to a charged myosin-ATP intermediate that 
then binds to an actin molecule of a thin filament. Hy- 
drolysis of the ATP then occurs (under the control of 
a thin filament calcium-sensitive troponin complex) 
producing adenosine diphosphate (ADP) and inorganic 
phosphate and liberating energy for the process of 
muscle contraction. The myosin-actin complex remains 
tightly bound as a “rigor complex" until a new ATP 
molecule binds to the myosin. Under conditions of 
myocardial ischemia the progressive reduction in the 
availability of ATP at the myofilaments results in the 
formation of increasing numbers of rigor complexes 
that, because of the shortage of ATP, cannot be disso- 
ciated from the actin filament. Our results suggest that 
this commences when the mean cellular ATP content 
decreases to approximately 12 umoles/g dry weight. 
However it must be appreciated that compartmentation 
of ATP may mean that this does not represent the 
critical concentration in the vicinity of the myofila- 
ment. 

Role of calcium in contracture: The accelerated 
depletion of ATP after the onset of contracture may also 
be explained in relation to the formation of rigor com- 
plexes. It has generally been accepted that ATP not only 
supplies energy for contraction, but also dissociates the 
myosin-actin complex. Therefore, under normal con- 
ditions, with a plentiful supply of ATP, the cycle of 
muscle contraction and relaxation is regulated by cal- 
cium through its binding to troponin and activation 
(turning *on") of the thin filaments, in which state the 
latter can combine with the myosin-ATP intermediate 
and hence initiate a new cycle of contraction. In the 
absence of calcium activation of troponin, the myosin- 
A'TP complex cannot combine with the thin filament. 
As Murray and Weber? and many others have pointed 
out, under conditions of low ATP availability rigor 
complexes can usurp the regulatory role of calcium. 
Under these conditions, when the thin filament is in the 
"off" state (and hence unable to combine with any 
charged myosin-ATP intermediates), uncharged (not 
complexed with A'TP) myosin heads will combine with 
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the actin to form rigor complexes directly; if sufficient 
of these are formed, the thin filament may be converted 
to the “on” state and further hydrolysis of the ATP- 
charged intermediates may proceed. Under these con- 
ditions one would observe the continued hydrolysis of 
ATP and the progressive development of rigor com- 
plexes and, hence, myocardial contracture. 

As evidenced by this explanation and as pointed out 
by MacGregor et al.? and Katz and Tada,? it is possible 
to account for the onset of ischemic contracture without 
invoking a calcium dependency. However, several au- 
thors!®.!7 have attributed the onset of myocardial con- 
tracture to the disturbance of calcium homeostasis that 
is known to occur during ischemia. In an attempt to 
ascertain whether calcium played any role in the de- 
velopment of contracture we performed several exper- 
iments in which extracellular calcium availability was 
modified either through the use of calcium-free infu- 
sates or the use of D-600, a calcium antagonist. In each 
instance (Fig. 6) there was a delay in the onset of con- 
tracture and a corresponding maintenance of ATP 
content. The preservation of ATP was probably a result 


of the ability of the calcium-free or D-600 infusates to 
induce cardiac arrest rapidly. In both instances this 
would conserve cellular supplies of ATP. This effect 
would be comparable with that induced by 16 mmolar 
potassium, in which very similar contracture and high 
energy phosphate curves were obtained. The reduction 
of extracellular calcium availability may further con- 
tribute to ATP conservation by reducing calcium- 
mediated ATP hydrolysis. 

Although there was no evidence to implicate calcium 
in the initiation of contracture, there was evidence 
suggesting that it may influence the extent of developed 
contracture. A striking feature of the calcium-free and 
D-600 experiments was the marked reduction in the 
magnitude of absolute contracture. Thus, although the 
ATP profile for iodoacetate treated hearts was altered 
very little by the removal of calcium from the infusate, 
the extent of developed contracture was reduced by 
approximately 70 percent. It is likely that this reduction 
in magnitude of contracture results from a reduced in- 
flux of calcium to the cytoplasm and thus a reduced 
calcium availability at the myofilaments. 
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Phentolamine and nitroprusside have recently been shown to improve 
myocardial performance in the presence of ischemia. The comparative 
effects of these agents on both local contraction and degree of ischemia 
in central ischemic, border and nonischemic zones were studied in 10 
dogs using Walton-Brodie strain gauges and epicardial electrograms (8 
lo 12 sites). After coronary occlusion, total tension and rate of tension rise 
in the border zone decreased to 80.0 + 8.5 and 76.0 + 10.5 percent, re- 
spectively, whereas total S-T elevation increased from 7.1 + 2.1 to 117.6 
+ 12.1 mv. Tension in the nonischemic zone decreased slightly but not 
significantly (88.5 + 9.1 percent). 

Phentolamine (0.25-2.0 mg/min) decreased systolic pressure by 21.4 
+ 2.2 mm Hg and increased tension in the border zone from 80.0 + 8.5 
to 100.4 + 10.8 percent (P <0.005) and rate of tension rise from 76.0 + 
10.5 to 99.5 + 12.0 percent (P <0.005). Nitroprusside (40 to 200 ug/min) 
similarly decreased systolic blood pressure by 18.2 + 1.2 mm Hg and 
increased tension in the border zone from 77.0 + 10.6 to 83.5 + 8.5 
percent (P <0.05) and rate of tension rise from 67.8 + 7.7 to 81.3 + 7.3 
percent (P <0.05). Tension in the nonischemic zone was increased by 
both phentolamine (P « 0.025) and nitroprusside (P «0.05) whereas that 
in the central ischemic zone was unchanged. However, phentolamine 
increased the heart rate from 158.3 + 4.5 to 181.1 + 5.3 beats/min (P 
« 0.001) and increased the total S-T elevation from 117.6 + 12.1 to 128.7 
+ 11.8 mv (P <0.02). Nitroprusside did not change the heart rate, and 
total S-T elevation decreased from 123.6 + 8.8 to 115.0 + 8.9 mv (P 
<0.05). Atrial pacing combined with nitroprusside to increase heart rate 
to a rate similar to that with phentolamine increased total S-T elevation 
from 115.0 + 8.9 to 125.1 + 8.9 mv (P <0.02) without significantly af- 
fecting tension. 

Thus, both phentolamine and nitroprusside improve local myocardial 
contractile ability. However, phentolamine, in contrast to nitroprusside, 
increases the area of ischemic injury as measured by S-T segment ele- 
vation. In part, this effect of phentolamine is due to its positive chronotropic 
action. Thus, each vasodilator agent must be evaluated individually to 
assess its action in the setting of acute myocardial infarction. 


Vasodilator agents have been shown to improve left ventricular function 
in patients with acute myocardial infarction and left ventricular dys- 
function.!~‘ Clinically, both nitroprusside and phentolamine have been 
used to achieve prolonged and stable reduction in afterload." However, 
a recent study? has indicated that these agents have differing effects both 
on the systemic resistance and capacitance beds and on cardiac perfor- 
mance, although a previous report? from our laboratory indicated that 
nitroprusside improves regional contractile performance of the border 
and nonischemic zones after coronary occlusion without affecting the 
central ischemic zone. The comparative effects of similar degrees of af- 
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terload reduction with phentolamine are unknown. In 
addition, the relative concomitant effects of these agents 
on ischemia are unknown. The present experimental 
study was, therefore, undertaken to compare the effects 
of similar degrees of afterload reduction with nitro- 
prusside and phentolamine on regional contraction and 
epicardial S- T segments of the central ischemic, border 
and nonischemic myocardium after acute coronary oc- 
clusion. 


Methods 


Studies were performed in 10 dogs weighing 25 to 32 kg, 
anesthetized with sodium pentobarbital (30 mg/kg intrave- 
nously) and ventilated with a Harvard respirator. The heart 
was exposed through a midsternal incision and supported in 
a pericardial cradle. A polyethylene tube was introduced 
through an external jugular vein for intravenous infusion. 
Central aortic pressure was monitored using a Statham P23Db 
transducer and a wide bore, stiff catheter introduced through 
the right common carotid artery. Fine Teflon®-coated stainless 
steel wires were inserted into the right atrial appendage with 
use of 25 gauge needles for atrial pacing. 

The left anterior descending coronary artery was isolated 
2 to 3 cm distal to its origin. The potentially ischemic, border 
and nonischemic zones were demarcated using epicardial 
electrograms and the areas confirmed using methylene blue 
at the conclusion of each study as previously described.!9.!! 
Walton-Brodie strain gauge arches of 120 ohm resistance with 
adjustable feet were fixed with deep sutures in the potentially 
ischemic, border and nonischemic zones. The myocardial 
segment under the two feet of each strain gauge arch was 
stretched by 30 percent of its initial length.19.!! 

Epicardial electrograms were obtained with silver-coated 
electrodes of 2 mm diameter mounted in acrylic plastic.!? 
Eight to 12 electrodes were applied to the myocardial surface 
and kept in place with a silk thread running over the plastic 
bars and stabilized by the right and left sides of the pericar- 
dium. No epicardial sutures were used. This permitted the 
electrodes to be kept in a fixed position throughout each ex- 
periment while avoiding pressure on the myocardium that 
could result in S-T segment changes. All epicardial recordings 
were obtained at a sensitivity of 1 mm/mv and frequency 
limits of 0.1 to 100 hertz. Standard electrocardiographic lead 
II was also monitored throughout each experiment. All records 
were taken on a multichannel oscilloscopic recorder (Elec- 
tronics for Medicine) at paper speeds of 25 and 100 mm/sec. 
Total tension and rate of tension rise (dT/dt) were measured 
as indexes of contraction, !9!! and total S-T segment elevation 
(ZS-T) and average S-T elevation (S-T) were taken as indexes 
of ischemia.!? 

Protocol: After control recordings, coronary occlusion was 
performed with a rubber-covered clamp. A period of 30 min- 
utes was permitted for stabilization of contraction changes 
and rhythm disturbances. Only dogs that survived the initial 
occlusion and were in stable condition with respect to both 
arrhythmias and hemodynamics were included in the study. 
The groups were divided as follows: In the first group of five 
dogs, after postcoronary occlusion recordings of tension 
variables and S-T segment maps were obtained, phentolamine 
was infused so as to obtain a reduction in systolic blood 
pressure averaging 20 (21.4 + 2.2) mm Hg (0.25 to 2.0 mg/min). 
Twenty minutes was allowed for stabilization and tension, S-T 
segment, heart rate and blood pressure recordings. Phento- 
lamine infusion was then discontinued and all variables were 
allowed to return to control levels and stabilize for 30 minutes. 
Infusion of nitroprusside (40 to 200 ug/min) was then begun 
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FIGURE 1. Effect of phentolamine and nitroprusside (NTP) on blood 
pressure and heart rate. p = probability; RT. = atrial pacing. - 


and resulted in a decrease in systolic pressure (18.2 + 1.2 mm 
Hg) similar to that obtained with phentolamine. After 20 
minutes of nitroprusside infusion, its effects on tension, S-T 
segments, heart rate and blood pressure were recorded. While 
the nitroprusside infusion was continued, atrial pacing was 
instituted to obtain a heart rate comparable to the maximal 
heart rate achieved during the initial phentolamine infusion, 
and the data were again obtained after 10 minutes. 

In the second group of five dogs, the order of phentolamine 
and nitroprusside infusion was reversed. After control re- 
cordings of tension, S-T segments, heart rate and blood 
pressure were obtained 30 minutes after coronary ligation, 
nitroprusside was infused so as to obtain a decrease in systolic 
pressure of about 20 mm Hg (40 to 200 ug/min) for 20 minutes 
and all variables were recorded. With use of atrial pacing the 
heart rate was then increased by 25 beats/min and the effects 
on tension and S-T segments during nitroprusside infusion 
were obtained at the end of an additional 10 minutes. Nitro- 
prusside infusion and atrial pacing were then discontinued 
and all variables (tension, S-T segments, heart rate and blood 
pressure) were allowed to return to control levels for 30 min- 
utes. At this stage phentolamine was infused to decrease the 
systolic blood pressure to levels similar to those obtained with 
nitroprusside. At the end of 20 minutes of phentolamine 
infusion, tension, S-T segments, heart rate and blood pressure 
were recorded. The sequence of drug administration had no 
effect on results. 

Student’s t test for paired data was utilized for statistical 
analysis. All values are given as mean + standard error of the 
mean. 


Results 


Effect on heart rate and blood pressure: After 
coronary occlusion, there was no significant change in 
heart rate or aortic blood pressure. Although phento- 
lamine increased the heart rate from 158.3 + 4.5 to 181.1 
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+ 5.3 beats/min (P <0.001), nitroprusside had no effect 
on rate (160.0 + 4.0 to 163.5 + 2.9 beats/min) (Fig. 1). 

Phentolamine decreased the systolic pressure from 
118.0 + 5.0 to 96.6 + 2.8 mm Hg (P <0.001) and diastolic 
pressure from 92.0 + 4.7 to 69.6 + 2.9 mm Hg (P < 
0.001). Nitroprusside similarly decreased the systolic 
pressure from 116.9 + 5.7 to 98.2 + 4.5 mm Hg (P 
<0.001) and diastolic pressure from 90.6 + 5.9 to 74.6 
+ 4.6 mm Hg (P < 0.001). Atrial pacing during infusion 
of nitroprusside made no significant change in either 
systolic or diastolic blood pressure (Fig. 1). 
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FIGURE 3. Effect of phentolamine and nitroprusside (NTP) on total 
tension and rate of tension rise (dT/dt) in the ischemic zone. 
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FIGURE 2. Typical experiment showing the effect 
of phentolamine and nitroprusside (NTP) on ten- 
sion development in the nonischemic, border and 
ischemic zones. After coronary occlusion, there 
was a marked decrease in tension development 
in the ischemic and, to a lesser extent, the border 
zones. Administration of nitroprusside significantly 
increased tension development in both the non- 
ischemic and border zones with only a slight in- 
crease in the ischemic zone. Atrial pacing did not 
significantly alter tension development. Phento- 
lamine, like nitroprusside, increased tension de- 
velopment in the nonischemic and border zones; 
it produced no change in the ischemic zone. 


PHENTOLAMINE 


Effects on wall tension (Fig. 2): Ischemic zone: 
Tension in the ischemic zone decreased sharply after 
coronary ligation (Fig. 3). Neither phentolamine nor 
nitroprusside resulted in a significant change in total 
tension or rate of rise of tension. The combination of 
atrial pacing and nitroprusside also had no significant 
effect. 

Border zone: Total tension and rate of tension rise in 
the border zone decreased significantly after coronary 
occlusion (Fig. 4). Phentolamine increased total tension 
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FIGURE 4. Effect of phentolamine and nitroprusside (NTP) on total 
tension and rate of tension rise (dT/dt) in the border zone. p = proba- 
bility. 
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from 80.0 + 8.5 to 100.4 + 10.8 percent (P <0.005) and 
rate of tension rise from 76.0 + 10.5 to 99.5 + 12.0 per- 
cent (P «0.005). Nitroprusside similarly increased the 
total tension from 77.0 + 10.6 to 83.5 + 8.5 percent (P 
<0.05) and rate of tension rise from 67.8 + 7.7 to 81.3 + 
7.3 percent (P «0.05). The effect of atrial pacing plus 
nitroprusside was comparable with that of nitroprusside 
alone. 

Nonischemic zone: After coronary occlusion, total 
tension and rate of rise in the nonischemic zone de- 
creased slightly (Fig. 5). Phentolamine increased total 
tension from 88.5 + 9.1 to 113.2 + 7.1 percent (P «0.025) 
and rate of tension rise from 94.0 + 5.5 to 137.8 + 12.7 
percent (P <0.01). Nitroprusside similarly increased the 
total tension from 88.1 + 3.3 to 96.0 + 3.1 percent (P 
<0.05) and rate of tension rise from 88.3 + 5.2 to 100.2 
+ 4.9 percent (P <0.05). Atrial pacing plus nitroprusside 
infusion yielded similar data (Fig. 5). 

Effect on S-T segments (Fig. 6): After coronary oc- 
clusion, total S-T elevation (XS-T) increased from 7.1 
+ 2.1 to 123.6 + 8.8 mv and average S-T elevation (S-T) 
from 1.0 + 0.2 to 13.9 + 0.9 mv. There was no significant 
difference in the control postocclusion ©S-T and S-T 
values before infusion of phentolamine or nitroprusside 
(Fig. 7). After infusion of phentolamine, total S- T ele- 
vation increased further from 117.6 + 12.1 to 128.7 + 
11.8 mv (P «0.02) and average S-T elevation from 13.5 
+ 1.5 to 14.7 + 1.5 mv (P «0.02). In contrast, nitro- 
prusside infusion caused a slight but significant decrease 
in ZS-T from 123.6 + 8.8 to 115.0 + 8.9 mv (P «0.05) 
and S-T from 13.9 + 0.9 to 13.0 + 1.0 mv. However, 
atrial pacing during nitroprusside infusion increased 
ES-T to 125.1 + 8.9 mv (P «0.02) and S-T to 14.3 + 1.0 
mv (P «0.02), thus bringing it back to postocclusion 
control values. 





Discussion 


There has recently been increasing interest in the use 
of vasodilators for patients with acute myocardial 
ischemia. Several groups have demonstrated clinical 
improvement in cardiac performance after adminis- 
tration of vasodilators, and some!?:14 have shown con- 
comitant reduction in ischemic injury using the S-T 
segment mapping method. The presumptive mecha- 
nism is a reduction in afterload!? or improvement in 


FIGURE 6. Typical experiment showing the 
effect of phentolamine and nitroprusside (NTP) 
on the epicardial S-T segment. After coronary 
occlusion, there was significant elevation in 
the epicardial S-T segment, which decreased 
during nitroprusside administration. Atrial ECG 
pacing during infusion of nitroprusside again 
elevated the S-T segment. Phentolamine, like 
nitroprusside and atrial pacing, significantly 
increased the S-T segment elevation. The 
numbers on the bottom of each panel indicate 
the heart rate in beats/min. ECG = electro- 
cardiogram. 
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FIGURE 5. Effect of phentolamine and nitroprusside (NTP) on total 
tension and rate of tension rise (dT/dt) in the nonischemic zone. p = 
probability. 


myocardial blood flow to the involved area, or both.!®!" 
However, there is increasing evidence that individual 
vasodilators have differing modes of action and thus 
cannot be considered a homogeneous group.? In this 
regard, Miller et al.? have recently shown that phento- 
lamine acts primarily on the arteriolar bed with only a 
slight effect on venous tone. In contrast, nitroprusside, 
which acts directly on smooth muscle, has been dem- 
onstrated to cause a significant reduction in venous tone ` 
in addition to dilatation of the arteriolar bed. Presum- 
ably as a consequence, the two agents have differing 
effects on left ventricular function in patients with acute 
ischemia. 

Differing effects of nitroprusside and phento- - 
lamine: The present experimental study also indicates | 
that in the setting of acute myocardial ischemia nitro- 
prusside and phentolamine have differing regional ef- 
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FIGURE 7. Effect of phentolamine and nitroprusside (NTP) on total (XST) 
and average (ST) S-T segment elevations. p — probability. 


fects. Both agents significantly improve tensicn devel- 
opment in the border and nonischemic zones, whereas 
neither significantly affects contraction in the central 
ischemic zone (Fig. 2). However, nitroprusside accom- 
plishes this improvement without increasing ischemic 
injury as assessed with epicardial S- T segments (Fig. 6). 
In contrast, the improvement in tension development 
induced by phentolamine is accompanied by a signifi- 
cant further increase in S-T segment elevation. Al- 
though a change in S-T segment elevation is not a 
foolproof marker of change in myocardial ischemia, we 
believe that in our experimental model it does provide 
a semiquantitative index of ischemia.!? 

There are several possible explanations for these 
observations: When the major determinants of myo- 
cardial oxygen supply-demand relations are examined, 
these agents appear to have differing effects on the 
coronary circulation. It is generally held that changes 
in coronary vascular resistance are of minor importance 
in the vascular bed subserved by a critically stenotic or 
occluded coronary artery.!? However, concerning 
transmyocardial perfusion, nitroprusside favorably 
affects both total coronary flow as well as its endocar- 
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dial-epicardial distribution.?? Conversely, preliminary 
data suggest that phentolamine may adversely affect 
coronary collateral flow.?! 

Important differences are also evident with respect 
to the effect of these agents on two major determinants 
of myocardial oxygen consumption—contractility and 
chronotropy.!? Phentolamine appears to have a positive 
inotropic effect either directly?? or mediated by nor- 
adrenaline release*4 or through sympathetic tone.?5 
Although nitroprusside also improves contraction, this 
improvement appears to be secondary to decreased af- 
terload because no direct inotropic effect has been 
shown.?6 In addition, our study demonstrates that 
phentolamine causes an increase in heart rate not seen 
with nitroprusside (Fig. 1). When pacing is utilized to 
increase the heart rate to a similar extent during ad- 
ministration of nitroprusside, ischemic injury increases 
(Fig. 6). This suggests that the positive chronotropy 
associated with phentolamine?7?8 may be responsible 
in major part for its deleterious effect on the area of 
ischemic injury. In their study of patients with acute 
myocardial infarction and left ventricular failure, Kelly 
et al.? found tachycardia only in those who had chronic 
hypertension, whereas Walinsky et al.’ noted tachy- 
cardia only in patients with a normal resting left ven- 
tricular end-diastolic pressure. Such an increase in heart 
rate has not been noted with nitroprusside.?:?? 

Clinical implications: Although our data regarding 
nitroprusside are consistent with recent clinical find- 
ings,?? they are at variance with the experimental report 
of Chiariello et al.?! Still other preliminary studies 
suggest that the effect of nitroprusside may be vari- 
able.?? Clearly, the utility of vasodilator therapy is de- 
pendent on the clinical setting in which it is used as well 
as on the degree of reduction in coronary perfusion 
pressure allowed.?? In this regard, the differences be- 
tween our findings and those of Chiariello et al. may be 
due to the difference in experimental models (variations 
in type of anesthesia, timing of intervention, for ex- 
ample) or on the degree of systemic pressure reduction 
used. Together, the studies emphasize the complexity 
of vasodilator therapy and support the concept that 
each potential vasodilator drug should be examined 
carefully, both experimentally and clinically, to deter- 
mine its potential uses and limitations in patients with 
acute myocardial ischemia or infarction. In this clinical 
setting, our experimental data suggest that nitroprus- 
side may be a better alternative than phentolamine. 
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To delineate in the presence of right bundle branch block the electro- 
cardiographic features of either left anterior fascicular block or left pos- 
terior fascicular block, these lesions were produced experimentally in 
six dog and six baboon hearts using a small knife for right bundle branch 
block, then a ligature for either left anterior fascicular or left posterior 
fascicular block. After each resultant conduction defect was proved with 
epicardial mapping of respective excitation delays, the effects of such 
blocks on the electrocardiogram and the vectorcardiogram were ob- 
served. Corresponding anatomic lesions were confirmed at autopsy. 

Right bundle branch block alone caused a right-anterior-superior shift 
of the mean QRS axis that was more pronounced in the dog than in the 
baboon. Left anterior fascicular block then resulted in extreme left axis 
deviation in both species. Left posterior fascicular block did not cause 
further right axis deviation but shifted the mean frontal QRS axis coun- 
terclockwise, still superior in the dog but quite inferior in the baboon. 

QRS duration after right bundle branch block alone was prolonged more 
in the dog than in the baboon. After fascicular block, further prolongation 
was greatest in the baboon to quite comparable final values. In both 
species, the addition of left anterior fascicular block widened the QRS 
complex more than the addition of left posterior fascicular block. 

In the electrocardiogram and vectorcardiogram, left anterior fascicular 
block tended to enhance, and left posterior fascicular block to mask, the 
aberrancy associated with right bundle branch block alone, especially 
in the primate. 


Block of excitation to a local region of myocardium is characterized by 
three changes in recordings from a unipolar exploring epicardial elec- 
trode placed upon that region.! These are (1) increase of the R wave in 
relation to the S wave, (2) delay in intrinsic deflection time, and (3) 
augmentation of the Q wave. In our laboratory we have produced these 
changes in anesthetized dogs! and baboons? by cutting selected portions 
of the left bundle branch with a ligature. Before terminating each ex- 
periment, the right bundle branch was transected with a knife in order 
to prove by absence of complete atrioventricular (A-V) block that some 
of the fibers of the left branch were still conducting. However, we soon 
recognized in these experiments an interesting new pattern associated 
with the addition of right bundle branch block to left anterior fascicular 
block.? This combination of lesions, previously suspected by Rothberger 
and Winterberg* and Wilson et al.,?9 and later variously described by 
many authors,/-!? was the second most common aberrancy produced 
with premature atrial pacing.!^!? We have also experimentally identified 
the much less obvious masking effect of right bundle branch block upon 
preexisting left posterior fascicular block.!6 What heretofore has not been 
reported are experimental studies in reverse order to show the effects 
of left anterior fascicular or left posterior fascicular block upon preex- 
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isting right bundle branch block. That is the subject of 
the present investigation. 


Methods 


Acute experiments were performed in mongrel dogs and 
captive baboons of either sex weighing 18 to 26 kg. Dogs were 
anesthetized with intravenously administered sodium pen- 
tobarbital (initially about 30 mg/kg body weight). Baboons 
were first subdued with intramuscularly administered 
phencyclindine (2 to 3 mg/kg) followed by intravenous ad- 
ministration of pentobarbital (initially about 15 mg/kg). 
Anesthesia was maintained as required with supplemental 
intravenous or intramuscular administration of pentobarbital 
in both species. 

In each experiment, a midline sternal incision exposed the 
heart, which was then supported in an approximately normal 
position in a sling fashioned from the pericardium. Right 
bundle branch block resulted after section of the right branch 
at mid-septal level by means of a small knife that had been 
introduced into the right ventricular outflow tract through 
the anterior free wall. A ligature technique previously de- 
scribed! was used to produce either left anterior fascicular or 
left posterior fascicular block but not both. 

Electrocardiograms were recorded at every stage of an ex- 
periment from standard bipolar and unipolar limb leads, 
precordial leads V; and Ve, a unipolar esophageal lead V, 
positioned at a level posterior to the left ventricle, a unipolar 
electrode V, in the cavity of the left ventricle and a unipolar 
exploring electrode V, tipped with saline-soaked cotton and 
placed successively on each of 33 previously marked epicardial 
points lying in a geometric pattern that permitted systematic 
survey of right and left ventricular surfaces. This pattern 
consisted of a single apex point plus 32 intersections of con- 
ceptual lines—four “latitudes” numbered 3 through 6 from 
base toward apex intersecting eight “longitudes” numbered 
2 through 9 approximately equally spaced around the ven- 
tricles (right or medial, anteromedial, anterior, anterolateral, 
lateral, posterolateral, posterior and posteromedial). Each 
such point was then designated by its respective “latitude” 
and “longitude.” For example, point 54 was the intersection 
of the equatorial latitude 5 with the anterior longitude 4. 
These point locations were exceptionally consistent from 
animal to animal. Thus, point 43 (R in Fig. 1) lay upon the 
middle portion of the right ventricular free wall; point 55 (A 
in Fig. 1) was near the base of the left anterior papillary 
muscle; and point 58 (P in Fig. 1) was near the base of the left 
posterior papillary muscle. 

Excitation was timed from onset of ventricular activity in 
the cavitary lead (V.). Differences between experimental 
stages were calculated for each point. From these increments, 
the maps of Figures 2, 3 and 4 were plotted utilizing a digital 
computer for obtaining interpolated delays weighted by 
measured values at all surrounding designated points. 

In many experiments the chest was closed with skin clamps 
after epicardial mapping and the lungs were reexpanded in 
order to record electrocardiograms from more nearly normal 
topographic relations. These closed chest tracings usually 
revealed a generalized increase of voltage but no indication 
of appreciable differences in electrical axis. As expected, more 
reasonable patterns in leads V; and Vg attended the closed 
chest electrocardiograms. 

Vectorcardiograms recorded on analog magnetic tape uti- 
lized leads I, aVF and V,, respectively, for leads X, Y and Z. 
These tapes were later reproduced as loops on an optical re- 
corder of the X-Y type. 

At the conclusion of each experiment the heart was re- 
moved, both ventricles were opened and the location and ex- 
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tent of septal lesions were determined by direct observa- 
tion. 


Results Y 


A total of 19 experiments constituted this series. Of these, 
seven were technically unsatisfactory because of inadequate 
fascicular block (two dogs), irreversible A-V block (one dog), 
refractory congestive heart failure (two dogs, one baboon) and 
faulty photographic processing (one baboon). The remaining 
12 experiments were satisfactory: three dogs and three ba- 
boons with right bundle branch block then left anterior fas- 
cicular block, plus three dogs and three baboons with right 
bundle branch block then left posterior fascicular block. We 
first defined these conduction disturbances in terms of delays 
of excitation to specific local regions of epicardium. We then 
observed the effects resulting from such blocks upon mean 
spatial QRS axis, QRS duration, electrocardiographic com- 
plexes and vectorcardiographic loops. 


Definition of Blocks From Epicardial Excitation Delays 


Excitation delay at index points: Figure 1 presents a 
sketch of the ventricles as seen from the base to the apex. The 
bundle of His overlies the interventricular septum at the 
bottom right center of the drawing. This common bundle then 
divides into a right bundle branch (top right), left anterior 
fascicles (diagrammed as only a single arrow [top left])and left 
posterior fascicles similarly depicted (bottom left). Index 
points were chosen as defined under Methods along a right 
anterior or anteromedial line for R, a left anterior or antero- 
lateral line for A and a posterior line for P. Table I shows the 
average increments of excitation delay in milliseconds at each 





P 


FIGURE 1. Sketch of cross section of the ventricles near the base 
looking toward the apex. A, R and P represent points upon the epicar- 
dium where primary excitation derives predominantly from the anterior 
fascicles of the left branch, the right branch and the posterior fascicles 
of the left branch, respectively. BH = bundle of His; LAF = left anterior 


- fascicles; LPF = left posterior fascicles; LV = left ventricle; RBB = right 


bundle branch; RV = right ventricle. 
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anterior posterior 
FIGURE 2. Right bundle branch block alone in the dog and the baboon 
is represented by the shaded zones of epicardial excitation delay lo- 


cated over the region of the right ventricle. Values were averaged for 
six dogs and for six baboons. ms = milliseconds. 


BABOON 


anterior posterior 


FIGURE 3. Left anterior fascicular block after right bundle branch block 
in the dog and the baboon is represented by shaded zones of incre- 
mental epicardial excitation delay located over the anterolateral aspect 
of the left ventricle. Values were averaged for three dogs and for three 
baboons. 
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of these points after right bundle branch block (six dogs and 
six baboons) and after the addition to preexisting right bundle 
branch block of left anterior fascicular block (three dogs and 
three baboons) and left posterior fascicular block (three dogs 
and three baboons). Larger values along the diagonals of these 
simple matrices reflect the sensitivity of each point to block 
of conduction along the primary pathway expected first to 
excite that particular point. Smaller off-diagonal values 
suggest specificity or lack of “cross talk” between points. For 
example, in the dog (matrix at left in Table I), right bundle 
branch block causes a 46 msec delay at point R but essentially 
no change at points A or P. The addition of left anterior fas- 
cicular block to existing right bundle branch block delays 
point A by 29 msec with minimal effect on R or P, whereas the 
addition of left posterior fascicular block delays point P by 17 
msec with minimal effect on R or A. Comparable sensitivity 
and specificity are shown for the baboon by the matrix at right 
in Table I. 

Table II summarizes for comparison the data from 12 pre- 
vious experiments in which either left anterior fascicular block 
(three dogs and four baboons)! or left posterior fascicular 
block (three dogs and two baboons)!9 was first produced, then 
followed by right bundle branch block in all animals—that is, 
blocks were performed in reverse order but rearranged in the 
table to resemble Table I. Similar point sensitivity and spec- 
ificity were observed. 

Regions of intrinsic deflection delay: Figures 2, 3 and 
4 further define epicardial excitation alterations topogra- 
phically as regions of delay. Increments of intrinsic deflection 
time at each of 33 epicardial points were averaged over all 
experiments of a given type (for example, right bundle branch 
block in dogs) and the results entered into a digital computer 





posterior 


FIGURE 4. Left posterior fascicular block after right bundle branch block 
in the dog and the baboon is represented by shaded zones of incre- 
mental epicardial excitation delay located over the posterior aspect 
of the left ventricle. Values were averaged for three dogs and for three 
baboons. 
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TABLE | 


Average Increments of Excitation Delay (in msec) at 
Selected Epicardial Points After Right Bundle Branch Block 
Followed by Left Anterior Fascicular Block or Left 
Posterior Fascicular Block 


Dog Baboon 
Type of 
Block R A P R A P 
RBBB 46 —1 2 42 0 1 
*LAFB 3 29 —4 10 33 —1 
+LPFB —1 —2 17 —3 —2 26 


A = anterolateral point on left ventricular epicardium; +LAFB = 
addition of left anterior fascicular block to existing right bundle 
branch block; +LPFB = addition of left posterior fascicular block to 
existing right bundle branch block; P = posterior point on left ven- 
tricular epicardium; R = right ventricular epicardial point; RBBB = 
right bundle branch block alone. 


programmed to generate maps of right bundle branch block 
compared with control data (Fig. 2), of left anterior fascicular 
block compared with previous right bundle branch block alone 
(Fig. 3) and of left posterior fascicular block compared with 
previous right bundle branch block alone (Fig. 4). In each of 
these figures, anterior and posterior views of the heart present 


interpolated zones of delay in both dog and baboon. The major ` 


inference from these illustrations is the definition, respec- 
tively, of right bundle branch block, left anterior fascicular 
block or left posterior fascicular block solely by the identifi- 
cation of appropriate regions of epicardial intrinsic deflection 
delay, irrespective of the manner of producing such blocks or 
of their electrocardiographic consequences. Although data 
from six dogs and six baboons were averaged for Figure 2, from 
three dogs and three baboons for Figure 3, and from three dogs 
and three baboons for Figure 4, there were no inconsistencies 
within groups either in comparing results among individual 
animals or in relating blocked regions to anatomic lesions. 
Hence, we may and do choose to define right bundle branch 
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FIGURE 5. Frontal view of mean QRS axes averaged 
for all dogs and for all baboons at each experimental 
stage. Anterior and posterior directions are suggested 
by the design of the arrow points, but the lengths of 
the vectors have no significance here. Numbers 
represent angles in degrees of frontal projections 
taken clockwise from the usual left (horizontal) zero 
reference—3:00 o'clock position in diagram. The 
inner single circumferential curved arrow indicates 
for each species the frontal axis change produced by 
right bundle branch block (RBBB) alone (188° 
clockwise in the dog, 135? clockwise in the baboon). 
The outer two circumferential curved arrows show 
for each species the further frontal axis changes 
produced respectively by the addition to right bundle 
branch block of left anterior fascicular block (-FLAFB) 
(13? clockwise in the dog, 89? clockwise in the ba- 
boon) or left posterior fascicular block (+LPFB) (13° 
counterclockwise in the dog, 91? counterclockwise 
in the baboon). 
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TABLE II 


Average Increments of Excitation Delay (in msec) at 
Selected Epicardial Points after Left Anterior Fascicular 
Block or Left Posterior Fascicular Block Followed by Right — 
Bundle Branch Block* 


Dog Baboon 
Type of 
Lesion R A P R A P 
+RBBB 44 0 —4 42 4 2 
LAFB —1 18 0 —2 25 6 
LPFB 0 5 20 —4 —2 22 


* Data based on 12 previously published experiments.'»?>'° 


Note rearrangement out of sequence for ease of comparison with. 
Table I. 

A = anterolateral point on left ventricular epicardium; LAFB = 

left anterior fascicular block alone; LPFB 


right ventricular epicardial point; +RBBB = addition of right bundle 


= left posterior fascicular - 
block alone; P = posterior point on left ventricular epicardium; R = 


" 


"wil c weed, 


branch block to existing left anterior or left posterior fascicular  . 


block. 


block, left anterior fascicular block and left posterior fascicular 
block by such regions of delay in epicardial excitation, pro- 


ceeding later to observe (not define) the effects of these blocks — 


on remote leads, and to delineate at autopsy the responsible | 


lesions. 


Effects of Blocks on QRS Axis and Duration 


QRS axis: Before production of any block, the mean spatial 
QRS axis was directed semivertically both in dogs and in ba- 
boons at, or slightly posterior to, the frontal plane (Fig. 5). 
After right bundle branch block alone, this axis shifted mod- 
erately anteriorly but markedly rightward (clockwise), more 
so in the dog than in the baboon. Adding left anterior fascic- 
ular block led to a similar combined effect in both species by 
producing a smaller additional change in the dog than in the 
baboon. When previous right bundle branch block was fol- 
lowed instead by left posterior fascicular block, a minor 
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FIGURE 6. QRS duration in milliseconds (large numerals) averaged 

. for all dogs and for all baboons at each experimental stage. The small 
numerals beside each line indicate the average increases in QRS du- 
ration for respective alterations. +LAFB = superimposed left anterior 
fascicular block, and +LPFB = superimposed left posterior fascicular 
block; RBBB = right bundle branch block alone. 


counterclockwise further change occurred in the dog to a final 
axis still predominantly superior. However, in the baboon this 
addition of left posterior fascicular block resulted in a major 
reversal of former right bundle branch block changes, altering 
. the QRS axis markedly counterclockwise to a final inferior 
direction that was then no longer anterior but rather slightly 
posterior in orientation. 

QRS duration: In the control studies the QRS duration was 
slightly longer in the primate than in the canine electrocar- 
diogram, although the physical size of these hearts in the two 
- species did not differ (Fig. 6). Right bundle branch block de- 
| layed completion of ventricular excitation from 47 to 81 msec 

in the dog and from 56 to 77 msec in the baboon. Once again 
the effect of right bundle branch block was observed to be 
greater in the dog than in the baboon. Addition of left anterior 
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FIGURE 7. Right bundle branch block (RBBB) followed by left anterior 
fascicular block (+LAFB) in the baboon. Approximately orthogonal 
electrocardiographic leads |, aVF and V, (a posteriorly oriented 
esophageal lead) display each experimental stage from a single rep- 
resentative animal. 
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fascicular block or of left posterior fascicular block then pro- 
duced slightly greater delay in the baboon than in the d to 
quite comparable final values of QRS duration. 


Effects of Blocks on Remote Electrocardiographic 
Leads and Vector Loops 


Electrocardiographic features: Electrocardiographic 
changes of fascicular block alone have previously been well 
documented: a modest increase in amplitude of the terminal 
S wave in leads II, III and aVF after left anterior fascicular 
block in dogs! was of sufficient magnitude in baboons? to cause 
a clinically significant degree of left axis deviation. Broadening 
and slurring of the terminal R wave in these same leads oc- 
curred after left posterior fascicular block in both dogs':!6 and 
baboons,!6 but in no sense was significant right axis deviation 
observed. Left anterior fascicular block alone produced little 
if any change of initial QRS axis in either dogs or baboons and 
no appreciable alteration of QRS duration.'? Left posterior 
fascicular block, by contrast, though less effective than left 
anterior fascicular block upon mean QRS axis, nevertheless 
augmented the Q wave in leads II, III and aVF and invariably 
resulted in some slight prolongation of QRS duration.1!6 

In the present series, typical electrocardiographic features 
were portrayed in individual baboons at each experimental 
state—control, right bundle branch block, then either left 
anterior fascicular block (Fig. 7) or left posterior fascicular 
block (Fig. 8). Control axes were normal and semivertical. 
Right bundie branch block alone provoked a distinct right- 
ward shift of the mean QRS axis (prominent S wave in leads 
I and aVF). Superimposed left anterior fascicular block (Fig. 
7) then shifted the mean QRS axis to a position of extreme left 
axis deviation evidenced by the deep S wave in lead aVF with 
the recurrent R wave in lead I. Note at this stage the associated 
markedly anterior direction of the whole QRS complex (QS 
form in lead V,). 

In contrast to the obviously aberrant outcome of adding left 
anterior fascieular block to existing right bundle branch block, 
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FIGURE 8. Right bundle branch block (RBBB) followed by left posterior 
fascicular block (+LPFB) in the baboon. Approximately orthogonal 
electrocardiographic leads |, aVF and V, (a posteriorly oriented 
esophageal lead) display each experimental stage from a single rep- 
resentative animal. 
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the addition instead of left posterior fascicular block, espe- 
cially in the baboon (Fig. 8), tended to mask the characteristics 
of the previous right bundle branch block. This phenomenon 
is not a regression of the earlier right bundle branch block, a 
fact evidenced in this case by persistence of the previous in- 
crease in QRS duration and proved with our simultaneous 
mapping of corresponding epicardial delays. Conversely, the 
presence of right bundle branch block somewhat obscured 
changes ordinarily associated with left posterior fascicular 
block.!® Thus, the terminal slurred R wave in leads II, III and 
aVF of left posterior fascicular block alone was in this case 
dominated by the late broad S wave of right bundle branch 
block. However, the Q wave and tall R wave of left posterior 
fascicular block could still be identified in these leads (see lead 
aVF in Fig. 8). Anterior orientation of the late portion of the 
QRS complex with right bundle branch block alone (terminal 
small S wave in lead Ve) became almost unidentifiable after 
the addition of left posterior fascicular block. 

Vectorcardiograms: The combination of right bundle 
branch block and left anterior fascicular block in the baboon 
(Fig. 9) produced a vector loop that was markedly anterior and 
superior, leftward early and rightward late, and oriented 
clockwise in the coronal plane. This is clearly abnormal. The 
combination of right bundle branch block and left posterior 
fascicular block (Fig. 10) produced a loop that was predomi- 
nantly posterior and inferior, also leftward early and rightward 
late, but oriented counterclockwise in the coronal plane. De- 
spite some features suggesting either right bundle branch 
block or left posterior fascicular block, this loop could easily 
be misinterpreted as a variant of normal. 


Discussion 


Application of experimental canine electrocardio- 
graphic data to human clinical problems requires crit- 
ical interpretation of species differences. The baboon 
provides an intermediate animal model for reference. 
Like the human heart, in contrast with the heart in the 
dog, the baboon heart has larger deposits of more yel- 
lowish fat, finer coronary vessels more diffusely dis- 
tributed over the epicardium, a somewhat more tri- 
anguloid (that is, less globular) shape of the ventricles, 
lace-like columnae carneae and a wider distribution of 
left bundle branch fibers over the septum. Common to 
both canine and primate hearts is an essentially tubular 
right bundle branch that is, nevertheless, easier to trace 
in the dog. The structure of the left bundle branch ap- 
pears to progress in diffuseness (Fig. 7 of Reference 2) 
from a discreet ribbon in the ungulate that traverses the 
left surface of the septum toward the apex emitting 
multiple anterior and posterior branches, to the frag- 
menting fascicles in the dog,!?-?! thence to the some- 
what fan-like rays in baboon? and human”? hearts. Even 
with the more diffuse conduction fiber orientation of the 
primate, the concept of fascieular block appears viable, 
in that the area of epicardial delay probably relates 
quantitatively to the number of fibers interrupted. 
Thus, one may examine block of any one or two clusters 
of "trifascicular" intraventricular excitation. Such data 
presented herein justify the following conclusions: 

1. Right bundle branch block has relatively 
greater effect in the dog and left fascicular block 
(anterior or posterior) has relatively greater effect 
in the baboon. Tables I and II reveal degrees of exci- 
tation delay encountered at selected epicardial points 
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FIGURE 9. Vectorcardiograms from the baboon of Figure 7 at the final 
stage of right bundle branch block plus left anterior fascicular block. 


Planes shown are coronal (‘‘horizontal’’) at upper left, frontal at lower 
left and left sagittal at lower right. The center of each loop is the inter- 
section of the lettered axes: R-L (right to left), A-P (anterior to posterior), 
S-I (superior to inferior). In the upper right portion of the figure, lead 


aVF is reproduced for reference. The sequence of excitation is from 
dash to dot. The 1 millivolt (mV) amplitude scale applies to all spatial 


dimensions. The timing scale of 200 milliseconds (ms) applies only to 
lead aVF. 
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FIGURE 10. Vectorcardiogram from the baboon of Figure 8 at the final 
stage of right bundle branch block plus left posterior fascicular block. 
Conventions as in Figure 9. 
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from block of primary conduction pathways to each 
respective point. The finer features of these tables reveal 
that in whatever order lesions are produced, right 
bundle branch block causes greater delay in the dog (46 
versus 42 msec or 44 versus 42 msec). Conversely, either 
left anterior fascicular block or left posterior fascicular 
block causes greater delay in the baboon (33 versus 29 
msec or 25 versus 18 msec for left anterior fascicular 
block; 26 versus 17 msec or 22 versus 20 msec for left 
posterior fascicular block). Figure 2 shows slightly 
greater area of delay in the dog for right bundle branch 
block, whereas Figures 3 and 4 show slightly greater 
areas of delay in the baboon for left anterior fascicular 
or left posterior fascicular block. Figure 5 clearly dem- 
onstrates more profound axis change in the dog after 
right bundle branch block and in the baboon after left 
anterior fascicular or left posterior fascicular block. 
Reexamination of earlier experiments!923 in which le- 
sions were produced in reverse order revealed entirely 
consistent results. Figure 6 shows greater prolongation 
of the QRS interval in the dog with right bundle branch 
block and in the baboon with either left anterior fas- 
cicular or left posterior fascicular block. 

2. Right bundle branch block augments the ef- 
fects of left anterior fascicular block but masks the 
effects of left posterior fascicular block. Tables I 
and II also show that right bundle branch block aug- 
ments the delay that otherwise would have occurred 
from left anterior fascicular block alone (29 versus 18 
msec for the dog, 33 versus 25 msec for the baboon). The 
corresponding influence of previous right bundle branch 
block upon the delay that otherwise would have oc- 
curred from left posterior fascicular block alone is 
equivocal (17 versus 20 msec for the dog, 26 versus 22 
msec for the baboon). Further, in the presence of ex- 
isting right bundle branch block, right ventricular free 
wall excitation (point R) is still more delayed by left 
anterior fascicular block, especially in the baboon (10 
msec). Left posterior fascicular block, if anything, 
produces “reciprocal” changes (—3 msec in the ba- 
boon). 

Figure 5 shows additional axis abnormality—slight 
in the dog, more in the primate but to the same end re- 
sult—when left anterior fascicular block is combined 
with existing right bundle branch block. However, the 
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combination of left posterior fascicular block with ex- 
isting right bundle branch block causes the mean elec- 
trical axis to revert toward normal, especially in the 
baboon, in which the combined effect is an inferior and 
somewhat posterior axis that is not grossly abnormal. 
The outcome of earlier reverse order experiments 
showed that the left axis shift (minimal in the dog) of 
left anterior fascicular block?? was increased (more in 
the dog) by right bundle branch block. The inferior axis 
shift of left posterior fascicular block!® was obscured in 
the dog by the far rightward shift of right bundle branch 
block, which in the baboon produced only a vertical 
essentially normal axis. 

In Figure 6 a greater increase in total QRS duration 
occurred when right bundle branch block was combined 
with left anterior fascicular block than when it was 
combined with left posterior fascicular block. 

Electrocardiograms (Fig. 7 and 8) and vectorcardio- 
grams (Fig. 9 and 10) were more obviously aberrant after 
right bundle branch block plus left anterior fascicular 
block than after right bundle branch block plus left 
posterior fascicular block. In the latter combination, the 
distinguishing features of each abnormality were still 
recognizable—deep S wave in lead I of right bundle 
branch block, and Q wave with a tall R wave in lead aVF 
of left posterior fascicular block. However, the hallmark 
of left posterior fascicular block, a broad slurred ter- 
minal R wave in lead aVF, was eliminated by the S wave 
of right bundle branch block. 

Left anterior fascicles and the right bundle branch 
may thus provide mutually better detours for each other 
than left posterior fascicles and the right bundle branch. 
Or, conversely, right bundle branch block plus left an- 
terior fascicular block may have a reenforcing effect by 
blocking early excitation to adjacent anterior regions 
of myocardium, whereas right bundle branch block plus 
left posterior fascicular block may have a cancellation 
effect by blocking early excitation to approximately 
opposite regions of myocardium. 
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An echocardiographic measurement of the minimal separation between 
the anterior mitral valve leaflet at its E point and the interventricular 
septum was evaluated as an index of left ventricular function. Mitral-septal 
separation was found to be easily measured, reproducible and indepen- 
dent of patient position or heart rate changes of up to 32 beats/min. In a 
group of 30 normal subjects, E point-septal separation was absent in 25 
and minimal (less than 4 mm) in the remaining 5. The relation of this 
variable to biplane angiographic ejection fraction was examined in 125 
patients with a variety of cardiac diseases. After the 15 patients with mitral 
stenosis and aortic insufficiency (conditions that affect anterior leaflet 
motion) were excluded, a strong negative correlation (r = —0.87, P 
<0.001) was found between mitral-septal separation and ejection fraction 
in the remaining 110. The correlation remained high (r — —0.86, P 
« 0.001) when the 60 patients with coronary artery disease were con- 
sidered separately. When compared with other echographic indexes of 
ventricular function, E point-septal separation correlated more closely 
with angiographic ejection fraction and was more useful in discriminating 
between patients with normal and those with low ejection fraction. This 
index appears to be especially useful because of the simplicity of its de- 
termination and its reliability in patients with coronary artery disease. We 
hypothesize that mitral-septal separation is determined by multiple he- 
modynamic and geometric factors but in most patients reflects an interplay 
between the amount and rate of early diastolic ventricular filling and 
ventricular size. 


Measurements of left ventricular performance have proved to be im- 
portant indicators of prognosis in patients with many forms of heart 
disease.! In patients undergoing valve replacement or coronary arterial 
revascularization, preoperative ejection fraction in particular has been 
a good predictor of the risks and results of surgery.? Consequently, there 
has been a great deal of interest in the noninvasive evaluation of left 
ventricular function with echocardiography.? Several groups have found 
correlations between echocardiographically and angiographically de- 
termined ejection fraction^-? and other measures of contractile function.? 
However, others have found echographic indexes of ventricular function 
to be unreliable in patients with segmental asynergy resulting from 
coronary artery disease.!0-!? 

We have observed that in normal subjects the anterior mitral valve 
leaflet makes contact with or closely approaches the interventricular 
septum in early diastole, at the E point in its cycle. In patients with de- 
pressed ventricular function we have noted increased mitral E point- 
septal separation. Similarly, in patients with papillary muscle dys- 
function or congestive cardiomyopathy a pattern of posterior displace- 
ment of the mitral valve apparatus has been described,!4:!5 whereas in 
patients with increased contractile function, the mitral valve has been 
noted to appose the septum in early diastole.!6 
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This study was undertaken to determine (1) whether 
measurements of mitral-septal separation provide a 
useful measure of ventricular function in a large and 
diverse group of patients undergoing cardiac catheter- 
ization, and (2) whether they remain reliable in patients 
with coronary artery disease. 


Methods 


Patient population: A total of 160 patients underwent 
echocardiographic examination and biplane left ventricu- 
lography within an interval of 5 days (within 48 hours in 146 
patients) over a 15 month period at our institution. No patient 
who manifested a significant change in clinical status between 
the two studies was included. Thirty-five patients were ex- 
- cluded because angiographic (15 cases) or echocardiographic 
(20 cases) studies were technically inadequate for analysis. 
The remaining 125 patients form the basis for this report. The 
primary cardiac diagnoses, established with hemodynamic 
measurements, oximetry, ventriculography and selective 
coronary arteriography, are listed in Table I. In addition, 30 
normal subjects without clinical, historical or electrocardio- 
graphic evidence of heart disease were studied echocardi- 
ographically. 

Echocardiographic measurements: Echocardiograms 
were performed using commercially available 0.5 inch (1.27 
cm), 2.25 megahertz transducers with repetition rates of 1,000 
cycles/sec, nominally focused at 7.5 or 10 cm, and Picker 
Echoview 10 ultrasonoscopes. The time-motion output was 
recorded on either a Honeywell model 1856 or an Irex strip 
chart recorder. The patients were positioned in semirecum- 
bent posture (with 15 to 30? of truncal elevation) in various 
degrees of left lateral decubitus rotation. The interspace from 
which one or both mitral valve leaflets could be well visualized 
while the transducer was held perpendicularly to the chest 
wall (usually the fourth) was determined, and a sweep from 
that area was recorded between the aortic valve and apex of 
the left ventricle. 

The left ventricular dimensions were determined at a level 
just below the anterior mitral valve leaflet, where chordal 
echoes were still visible. The end-diastolic dimension (EDD) 
was measured at the peak of the simultaneously recorded 
electrocardiographic R wave, and the end-systolic dimension 
(ESD) was defined as the closest approximation of the inter- 
ventricular septum to the posterior wall endocardium during 
the same cardiac cycle. 

The percent shortening of the echographic minor axis (968) 
was calculated using the formula: 


FIGURE 1. M mode echographic sweep 
from the left ventricular apex to the aortic 
valve in a normal subject, demonstrating 
the normal close approximation between 
the anterior mitral valve (MV) leaflet at its 
E point and the interventricular septum 
(Sept). The arrowhead indicates the level 
at which E point-septal separation (EPSS) 
is measured, at or just below the left 
atrial-left ventricular junction where both 
mitral valve leaflets are well visualized. In 
this case no separation is present. AoV — ge IA TAIR 
aortic valve; LA = left atrium; PW = pos- — aid Ne Ruso. 
. terior wall. ie a RO Nall ied tite 
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TABLE I 


Patient Diagnoses 


——————————— mmm 


Coronary artery disease 60 

Valvular heart disease 39 
Aortic stenosis 12 
Aortic insufficiency 7 
Mitral stenosis 6 
Mitral insufficiency 7 
Mixed valvular disease 7 

Cardiomyopathy 11 
Congestive 6 
Hypertrophic 4 
Restrictive 1 

Congenital heart disease 9 
Atrial septal defect 4 
Ventricular septal defect 3 
Other 2 

No heart disease 6 





. EDD - ESD 
EDD 
An echocardiographic ejection fraction was computed 


using the formulae for end-systolic volume (ESV) and end- 
diastolic volume (EDV) developed by Teichholz et al.!?: 


968 


"ARIS 50 j 
AD 2.4 + ESD (ESD) 
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EDV — ESV 
Xx EDV 


Determination of mitral-septal separation: The amount — 
of mitral-septal separation was defined as the perpendicular 
distance between the E point of the anterior mitral leaflet and 
a tangent drawn to the most posterior point reached by the 
interventricular septum within the same cycle. This method 
of measuring mitral-septal separation allowed the inclusion 
of five patients with paradoxical septal motion (four with an 
atrial septal defect, one with septal infarction) and others with 
flat or reduced septal motion. Mitral-septal separation was 
measured in the view in which it was minimized, usually at or 
just below the junction of the left atrial and left ventricular 
posterior walls, at a level in which both mitral leaflets were 
well seen (Fig. 1). A normalized index of E point separation 
was computed by dividing the measured amount of mitral- 
septal separation by the echographic end-diastolic dimension. 
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There was no change in mitral-septal separation in several 
subjects who were examined in different degrees of left lateral 
decubitus positioning. In 25 patients, two independent ob- 
servers obtained echocardiograms and measured the amount 
of mitral-septal separation. The differences between the two 
determinations were small, ranging from 0 to 2 mm in patients 
_ with little E point separation (less than 10 mm) and 0 to 4 mm 
in those with greater separation (10 to 28 mm). The mean of 
_ the absolute differences between the two sets of measurements 
. was 1 mm, which was proportionally 10 percent of the mean 
amount (10 mm) of mitral-septal separation in these 25 pa- 
tients. 

Cardiac catheterization and angiographic measure- 
ments: These were performed in the postabsorptive state after 
premedication with diazepam (Valium), 10 mg given intra- 
muscularly. Biplane left ventricular cineangiograms were 
taken in 30? right anterior oblique and 60? left anterior 
oblique projections after an injection of 45 cc of a 66 percent 
meglumine diatrizoate, 10 percent sodium diatrizoate solution 
(Renografin 769) over 3 seconds. Left ventricular volumes at 
end-diastole and end-systole were obtained by the modified 
Simpson's rule method of Goerke and Carlsson.!? The ven- 
tricular ejection fraction was calculated as the ratio of angio- 
graphic stroke volume to end-diastolic volume. An ejection 
fraction of 55 percent was arbitrarily taken as the lower limit 
of the normal range. Segmental wall motion was assessed 
qualitatively by an experienced angiographer. Stroke volume 
was determined both angiographically and by the Fick 
method. 


Results 


= Mitral-septal separation in normal subjects: 
Twenty-five of the 30 normal subjects, including the one 






EPSS- —.51 EF + 33.6 
= —.87 
p«.001 


whose echocardiogram is shown in Figure 1, had no . 
mitral-septal separation, and each of the remaining 5 
had less than 4 mm separation. E point separation was 
also less than 4 mm in the six patients who had no evi- 
dence of cardiac disease at the time of catheterization 
and angiography. 

Relation of mitral-septal separation to heart rate 
and rhythm: Echocardiograms from 10 patients who 
manifested spontaneous changes in sinus rate of 14 to 
32 beats/min (mean 22 beats) during the examination 
were analyzed to determine whether there was any 
rate-dependent variation in E point separation. No 
difference in the magnitude of mitral-septal separation 
was present from cycle to cycle in these patients. Only 
two patients in the final study group did not have sinus 
rhythm, and both had atrial fibrillation with relatively 
regular ventricular responses (less than 25 percent 
variation in cycle length). In these two patients, the 
magnitude of mitral-septal separation remained almost 
constant (with a maximum of 2 mm), as did the ejection 
fraction, which was determined for several different 
cycles of the ventriculogram. 

Relation of mitral-septal separation to ventric- 
ulographic ejection fraction: Fifteen of the 125 pa- 
tients had mitral stenosis or at least moderate aortic 
regurgitation, conditions in which normal mitral ante- 
rior leaflet motion is restricted. In these patients, no 
consistent relation between the degree of E point sep- 
aration and other echographic or angiographic indexes 
of ventricular function was present. However, among 
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FIGURE 2. Correlation between E point- 
septal separation (EPSS) and biplane an- 
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are indicated by squares. p = probability; 
R = correlation coefficient. 
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the patients with aortic insufficiency, mitral-septal 
separation was always larger (greater than 8 mm) in 
those with more severe regurgitation or with concomi- 
tantly reduced ejection fraction.!® 

The relation between mitral-septal separation and 
biplane angiographic ejection fraction in the remaining 
110 patients is shown in Figure 2. In this, and in suc- 
ceeding graphs, data from the patients without mi- 
tral-septal separation were plotted but were excluded 
from the linear regression analysis because the mea- 
sured separation cannot be less than zero. There was a 
highly significant negative correlation between the 
magnitude of E point separation and ejection fraction 
(r = —0.87, P <0.001) which held over a wide range. 
Figure 3, taken from the echocardiogram of a patient 
with severe alcoholic cardiomyopathy and a consider- 
ably depressed ejection fraction, demonstrates the large 
amount of mitral-septal separation in patients with poor 
ventricular function in contrast to that in normal 
subjects (Fig. 1). 

Relation of mitral-septal separation to left ven- 
tricular size and stroke volume: The possibility that 
the magnitude of mitral-septal separation was deter- 
mined primarily by stroke volume or ventricular size 
rather than by ventricular function was evaluated. 
Among the 90 patients with less than 10 percent dif- 
ference in heart rate between the echographic and an- 
giographic studies, no relation was detected between the 
E point separation and stroke volume, as determined 
either angiographically or with the Fick method (r = 
0.24, P 70.05 and r = 0.22, P >0.05, respectively). 

Because many patients with ventricular enlargement 
also manifested reduced ventricular function, some 
degree of correlation between mitral-septal separation 
and ventricular size was expected even if ventricular 
dimensions were not a major determinant of this vari- 
able. However, the correlations between E point sepa- 
ration and both angiographic end-diastolic volume (r 
= (0.51) and echographic end-diastolic dimension (r = 
0.62) were surprisingly poor. When the respective cor- 
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FIGURE 3. Echocardiogram and right anterior oblique — 
ventriculographic outlines from a patient with alco- — 
holic cardiomyopathy, demonstrating considerable © 
E point-septal separation (EPSS) and a low ejection — 
fraction (EF). Dia = diastole; ECG = electrocardio- — 
gram; EDV and ESV = end-diastolic and end-systolic — 
volumes, respectively; MV = mitral valve; RV = right 
ventricle; Sept = interventricular septum; Sys = - 
systole. ^ 


relations at E point separation with end-diastolic di- 

mension and angiographic ejection fraction are com- 
pared in these 110 patients, mitral-septal separation - 
correlates more closely with ejection fraction than with 
echographic end-diastolic dimension (P <0.01) (Fig. 4). | 
Indeed, there were five patients (one with acute mitral - 
regurgitation, two with chronic mitral regurgitation and 
two with ventricular septal defect) with a volume- 
overloaded normally functioning left ventricle. Each of 
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FIGURE 4. Relation between E point-septal separation (EPSS) and 
echographic end-diastolic dimension. Abbreviations as in Figure 2. 
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he five had an increased echographic diastolic dimen- 
ion and only a small amount of E point separation. 
‘onversely, there were 15 patients with normal end- 
iastolic dimension and reduced angiographic ejection 
raction, and 12 of these had increased E point separa- 
ion (more than 5 mm). In 11 of these, the other echo- 
ardiographic indexes of ventricular function were 
ormal. 

Figure 5 reproduces the echocardiogram and ven- 
riculographic outlines from a patient with acute mitral 
egurgitation and volume overload. Despite ventricular 
ilatation (echographic end-diastolic dimension = 57 
1m; angiographic end-diastolic volume = 220 cc), there 
; no mitral-septal separation, thus indicating preserved 
entricular function. The studies illustrated in Figure 

are taken from a patient who presented in severe bi- 
entricular failure with a normal cardiac silhouette on 
hest X-ray examination. The finding of 10 mm of mi- 
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FIGURE 5. Echocardiogram and ventriculogram from a 
patient with ruptured chordae tendineae and acute volume 
overload. Despite increased end-diastolic dimension 
(EDD) at this level (and at the chordal level not illustrated 
here) and chamber dilatation, there is no E point-septal 
separation (EPSS), consistent with normal ejection 
fraction (EF). Abbreviations as in Figure 3. 


tral-septal separation in the face of a small left ventricle 
(end-diastolic dimension = 45 mm; angiographic end- 
diastolic volume = 88 cc) suggested the presence of 
depressed contractile function, which was eventually 
confirmed during cardiac catheterization. 

Figure 7 demonstrates the relation between mitral- 
septal separation normalized for echographic end-dia- 
stolic dimension and angiographic ejection fraction. 
Again, a highly significant negative correlation is 
present (r = —0.86, P <0.001), indicating that this index 
is a useful indicator of ventricular function independent 
of chamber size. A ratio of 0.1 provides an excellent 
demarcation between patients with normal (55 percent 
and greater) and reduced ejection fraction. Only one 
patient with a normal ejection fraction and four witha 
low ejection fraction had normalized E point separation 
inappropriately above or below 0.1. Because the relation 
between the normalized index and ejection fraction is 





FIGURE 6. Echocardiogram and ventriculographic 
outlines from a patient with restrictive cardiomy- 
opathy. Echographic dimensions at the mitral 
valve (MV) and chordal levels and angiographic 
volumes are small, but E point-septal separation 
(EPSS) is increased and ejection fraction (EF) re- 
duced. Abbreviations as in Figure 3. 
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similar to that between E point separation itself and 
ejection fraction, normalization is not routinely per- 
formed in our laboratory. The normal range for un- 
normalized mitral-septal separation is defined as less 
than 5 mm, a value that corresponds to a normalized 
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index of less than 0.1 in patients with normal ventricular 
dimensions. 

Mitral-septal separation in patients with eoro- 
nary artery disease: The utility of this index was ex- 
amined more closely in the patients with coronary artery 
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FIGURE 8. Relation between E point-septal 
separation (EPSS) and angiographic ejection 
fraction (EF) in patients with coronary artery 
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disease. Symbols indicate areas of major 0 20 40 60 80 100 
- segmental asynergy. Abbreviations as in Fig- 
ure 2. BIPLANE ANGIOGRAPHIC EJECTION FRACTION 
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FIGURE 9. Echocardiograms and ventriculograms performed 1 year 
apart in a patient who had an inferior wall myocardial infarction 6 weeks 
before the second study (right), demonstrating interval appearance of 
abnormal E point-septal separation (EPSS) and decreased in ejection 
fraction (EF). Abbreviations as in previous figures. 
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disease because other echocardiographic measures of 
ventricular function are less reliable in this setting. 
Figure 8 is a graph of mitral-septal separation versus 
ejection fraction in the patients with coronary disease. 
The correlation (r = —0.86, P «0.001) is similar to that 
recorded for the entire patient group, and indeed the 
regression equations are nearly identical for both 
zroups. When the region of abnormal wall motion is 
considered, there was some tendency for E point sepa- 
ration to be less than expected for the observed reduc- 
tion in ejection fraction in patients with predominant 
apical-lateral asynergy. It was also greater than ex- 
pected in two patients with anteroseptal asynergy (one 
with paradoxical and another with flat septal motion). 
Nonetheless, mitral-septal separation remained a good 
oredictor of reduced ventricular function and continued 
to correlate closely with ejection fraction in most of the 
patients with these segmental disorders. Figure 9 il- 
ustrates serial echocardiograms and ventriculograms 
Tom a patient who had normal ventricular function and 
10 E point separation when first seen and who then, 
ifter an inferior wall myocardial infarction, had a con- 
siderably lower ejection fraction and 13 mm of separa- 
lon. 

Comparison of mitral-septal separation with 
ther echocardiographic indexes of ventricular 
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TABLE |I 


Superiority of E Point-Septal Separation (EPSS) Over Othei 
Echocardiographic Indexes of Ventricular Function in 
Discriminating Between Patients With Normal and Reduced 
Angiographic Ejection Fractions 





Patients With Coronary 


All Patients (no. = 110) Disease (no. = 60) 





EF >55% EF <55% EF >55% EF < 55% 
EPSS 
<5 mm 66 6 28 3 
>5 mm 2 36 1 28 
x? = 78.7* x? = 45.3* 
Echo EF 
>65% 59 15 5 11 
<65% 9 27 4 20 
x? = 30.7* x? = 29.4* 
%S 
>35 60 14 25 10 
<35 8 28 4 21 
x? = 35.5* x? = 32.8* 


* The chi square value for each four quadrant analysis is given. For 
all cf these x?, P less than 0.001. 

Echo EF - echocardiographic ejection fraction; EF = biplane angio- 
graphic ejection fraction; %S = percent shortening of the echographic 
minor axis. 


function: Fairly good correlations were present between 
echographic and angiographic ejection fractions (r = 
0.73, all patients; r = 0.71, patients with coronary dis- 
ease) and between percent minor axis shortening and 
angiographic ejection fraction (r = 0.72, all patients; r 
= 0.69, patients with coronary disease). However, when 
the correlations between these two indexes and angio- 
graphic ejection fraction were compared with that be- 
tween E point separation and angiographic ejection 
fraction for both patient groups, the latter was superior 
to each (P «0.025). 

Mitral-septal separation also proved to be more 
useful in discriminating between patients with normal 
and abnormal ventriculographic ejection fractions. If 
normal mitral-septal separation is defined as less than 
5 mm, there were only two patients with a normal 
ejection fraction and increased mitral-septal separation, 
and only six with normal separation and a low ejection 
fraction (four of whom had an ejection fraction of 50 to 
55 percent). Table II demonstrates that although each 
of the echographic indexes was useful in predicting 
which patients had a normal and which a low ejection 
fraction, mitral-septal separation was more reliable in 
separating these groups, particularly in the patients 
with coronary disease. This finding is especially note- 
worthy because the values for echographic ejection 
fraetion and percent minor axis shortening (65 and 35 
percent, respectively) chosen for this comparison were 
those that best separated the patients into those with 
a ventriculographic ejection fraction above or below 55 
percent. 


Discussion 


Assessment of left ventricular function has become 
an important part of the echocardiographic examina- 
tion.? Angiographic ejection fraction has been demon- . 
strated to be a useful measure of cardiac contractile 
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function!” and is an accepted standard for echocardi- 
ographic measurements of ventricular function. Our 
results, in agreement with those of others,+® indicate 
that there is a reasonably close correlation between 
echographic indexes of pump function and the angio- 
graphic ejection fraction in most patients. However, the 
decreased reliability of these unidimensional mea- 
surements in patients with segmental asynergy has been 
repeatedly demonstrated,!9-1? and our lower overall 
correlation probably reflects the large number of pa- 
tients with coronary artery disease in this series. 

Our results indicate that the amount of mitral-septal 
separation in early diastole correlates well with ven- 
triculographic ejection fraction in a large series of pa- 
tients with a variety of cardiac diseases. This relation 
persists over a wide range of ventricular dimensions and 
ejection fractions. Mitral-septal separation appears to 
be invalid as an index of ventricular function only in 
patients with mitral stenosis or at least moderate aortic 
regurgitation. 

The reliability of this index in patients with coronary 
artery disease is noteworthy. Although the index has 
some tendency to overestimate ejection fraction in pa- 
tients with predominant apical-lateral synergy, and to 
underestimate it in those with anteroseptal asynergy, 
E point separation remains a generally applicable 
echographic index of ventricular function in the setting 
of ischemic heart disease. Further studies will be needed 
to determine the true frequency and magnitude of the 
discrepancies between the amount of mitral-septal 
separation and the ejection fraction in patients with 
segmental asynergy. 

The utility of this variable is enhanced by the relative 
simplicity of obtaining simultaneous echoes from the 
anterior mitral leaflet and the interventricular septum 
at the required level without needing to define clearly 
the posterior wall endocardium. In addition, E point 
separation can be measured rapidly and no further 
computation is required, thus allowing a rapid estima- 
tion of ventricular function from an almost qualitative 
inspection of the echocardiogram. 

Factors determining magnitude of mitral-septal 
separation: The relation of several indexes of mitral 
diastolic motion to blood flow, ventricular pressure and 
ventricular compliance has been investigated pre- 
viously. However, no attempt has been made to relate 
systematically any aspect of diastolic mitral movement 
to a measure of systolic function such as ejection frac- 
tion. Hemodynamic variables affecting mitral valve 
motion in early diastole would be expected to have the 
most bearing on the magnitude of mitral-septal sepa- 
ration. Fischer et al.!? found a good correlation between 
an index of mitral valve diastolic opening and stroke 
volume, but others?? have not been able to demonstrate 
a close relation between valve opening and blood flow 
experimentally. Decreases in anterior leaflet opening 
excursion (between the D and E points of its cycle) and 
in the rate of early diastolic opening have been described 
in patients with poor ventricular function or elevated 
initial diastolic pressure, respectively.!4^2.2? In patients 
without mitral valve disease, the early diastolic closing 
' velocity (E to F slope) of the mitral valve has also been 
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shown to correlate with transvalvular blood flow?9?? and 
to reflect alterations in indexes of the left ventricular 
pressure-volume relations.?°~2° 

The magnitude of mitral-septal separation is déter- 
mined by multiple geometric and hemodynamic factors, 
including the degree of mitral valve mobility, inter- 
ventricular septal motion, ventricular size and geometry 
and the pattern of early diastolic filling. If patients with 
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conditions that restrict mitral valve mobility (such as 


mitral stenosis, congenital deformities of the mitral | 


valve or aortic regurgitation) are excluded, this factor _ 


is probably not an important determinant in most pa- — 
tients. In the five patients with mitral valve prolapse, © 
a condition that may be associated with the increased ~ 


valve mobility, E point separation correlated well with 
ejection fraction. | 


Mitral-septal separation and abnormal septal © 


motion: By defining the amount of mitral-septal sep- 


aration as described, we have been able to measure it 
reproducibly in patients with abnormal septal motion. — 


Four patients with paradoxical septal motion due to 


atrial septal defect had a normal ejection fraction and - 
no E point separation. Because we have not studied - 
other patients with paradoxical septal motion and right 


ventricular volume overload, with or without accom- 


panying left ventricular failure, we are unable to com- — 


ment on the reliability of this index in such patients. 
'The one patient with paradoxical septal motion sec- 
ondary to ischemic heart disease did manifest more 


mitral-septal separation than expected for the observed 


reduction in ejection fraction, and another patient with 
flat septal motion also displayed disproportionately 
increased separation. Thus, although this index con- 


tinues to correlate well with ejection fraction in most — 
patients with coronary artery disease and segmental — 


anteroseptal asynergy, focal septal motion abnormali- 


ties will occasionally result in increased amounts of — 


mitral-septal separation. 

Mitral-septal separation, ventricular filling and 
ventricular size: Our data suggest that, although there 
is a weak correlation between ventricular size and the 
magnitude of mitral-septal separation, ventricular di- 
mensions are not the sole determinant of the index. 
Rather, in most patients, mitral-septal separation 
probably reflects the interplay between early diastolic 


ventricular filling and ventricular size. Separation would ~ 


thus increase as: (1) the ventricle enlarges without a 
proportional increment in early diastolic transmitral 
flow, or (2) the amount of early diastolic filling is re- 
duced in a ventricle of a given size, either as a result of 
a decrease in overall stroke volume or in the fraction of 


filling occurring in early diastole. Recent evidence???627 : 
has demonstrated the decreased fraction of ventricular — 


filling that occurs in early diastole in patients with 
coronary artery disease and other forms of heart disease. 
In patients with a mildly reduced ejection fraction in 
whom other echographic indexes of ventricular function 
remain normal, this shift of filling to later in diastole 
may be an early phenomenon and could explain the 
sensitivity of this index of ventricular function. 

In conclusion, we have demonstrated that an easily 
performed measurement of the minimal separation 
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between the anterior mitral leaflet and the interven- 
tricular septum is a useful index of ventricular function. 
It correlates well with angiographic ejection fraction, 
regerdless of chamber size, and appears to be useful in 
patients with coronary artery disease, in whom other 
echocardiographic indexes are less reliable. 
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Intraoperative myocardial infarction is a recognized complication of 


OEO yp 
"s À 


aortocoronary bypass surgery. One major cause of such infarction may 


be interruption of coronary blood flow, particularly in patients with poor - 
coronary collateral circulation. In 30 patients use of an intracoronary shunt - 
made it possible to limit the period of coronary occlusion during graft 


construction to a few minutes. Use of this shunt was associated with a 


ab e. NL A 


reduced incidence of intraoperative myocardial infarction (as judged by — 
the appearance of new Q waves) when these patients were compared - 


with 50 patients operated on without this procedure (6 of 50 [12 percent] 
versus 0 of 30). The incidence of postoperative persistent S-T segment 
elevation was reduced from 21 of 50 (42 percent) to 5 of 30 (17 percent). 


Except for use of the shunt, the surgical technique was identical in the - i 


two groups of patients. 


Intraoperative myocardial infarction is a recognized complication of 


aortocoronary saphenous vein bypass surgery. In addition to having late | 


effects on left ventricular performance, it contributes to immediate 


postoperative problems including arrhythmias, congestive heart failure 
and renal failure. Its mechanism is unknown but is not necessarily related 


to occlusion of the saphenous vein graft.! On the other hand, interruption 


of coronary blood flow during construction of the graft probably con- 
stitutes a major cause of intraoperative myocardial infarction. 

To minimize such interruption, we used an intracoronary shunt to 
maintain blood flow during construction of the bypass graft. This report 


describes the shunt technique and compares the incidence of postop- 
erative new Q waves in patients undergoing bypass surgery with and - 


without use of the shunt. 


Material and Methods 


Patients: The shunt technique to be described was used in 30 consecutive 
patients undergoing aortocoronary saphenous vein bypass surgery. During the 
operation the standard limb leads were monitored and an epicardial electro- 


cardiogram was recorded by means of a unipolar electrode sutured to the epi- - 


cardial fat of the territory of the vessel to he grafted. | 
A 12 lead electrocardiogram was recorded before operation and daily there- 
after. The electrocardiograms were studied for the appearance of new Q waves 


and persistent S-T segment elevation. When both new Q waves and persistent _ 


S-T elevation were observed in the same patient the finding was categorized as 
a new Q wave. Persistent S-T elevation was defined as elevation equal to or 
greater than 1.5 mm in the standard limb leads or the precordial leads recorded 
to the left of the transition zone, or both, that persisted for at least 48 hours 
postoperatively. The incidence of new Q waves and S-T elevation was compared 
with that in a series of 50 patients who underwent coronary bypass before in- 
troduction of the shunt technique. Except for the intracoronary shunt, the 
surgical technique was identical in both groups of patients. 

Shunt procedure: Surgery was performed using intermittent partial nor- 
mothermic cardiopulmonary bypass flow at a rate of 500 to 1,500 ml/min. Bypass 
flow was adjusted on the basis of a continuous display of left atrial pressure. At 
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FIGURE 1. A series of Silastic shunts about 2 cm in length and of various 
calibers are prepared before surgery. A fine suture is tied around the 
shunt for ease of manipulation. Black bar indicates 2.0 cm. 


operation all hearts were nonfibrillating and normothermic. 
The aortocoronary saphenous vein graft was constructed using 
a standard interrupted suture technique as previously de- 
scribed.” 

After exploration of the heart and confirmation of the an- 
giographic findings, a site suitable for arteriotomy was se- 
lected. One of a series of previously prepared soft Silastic® 
shunts of various calibers was selected for use according to the 
approximate inner diameter of the artery (Fig. 1). A fine su- 
ture placed around the shunt provided for ease of manipula- 
tion during insertion of the shunt and construction of the 
graft. The length of the shunt was determined by the size of 
the proposed arteriotomy. The shunt was tailored so that it 
was of sufficient length to extend both proximally and distally 
about 1 cm into the coronary artery. 

Immediately after arteriotomy, the shunt was introduced 
first proximally and then distally into the coronary artery. The 
suture around the shunt was centered in the arteriotomy. It 
was usually possible to install the shunt and reestablish cor- 
onary blood flow within 2 minutes of arteriotomy. A properly 
sized shunt provided excellent hemostasis. Traction on the 
tie around the shunt provided immobilization and exposure 
of the arterial wall for suturing. The shunt also served as a 
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mold for suturing the saphenous vein graft to the coronary 
artery. The shunt was removed without clamping the artery 
immediately before tying the last few sutures between the 
artery and the graft. 


Results 


Postoperative electrocardiographic abnor- 
malities: Six of 50 consecutive patients (12 percent) 
who underwent aortocoronary saphenous vein bypass 
before use of the intracoronary shunt had electrocar- 
diographic evidence of intraoperative myocardial in- 
farction manifested by the appearance of persistent new 
Q waves and 21 (42 percent) had persistent S- T segment 
elevation in postoperative electrocardiograms. None of 
the 30 consecutive patients undergoing coronary bypass 
with the intracoronary shunt manifested a new Q wave 
and only five (17 percent) had persistent S- T segment 
elevation. 

Epicardial electrocardiogram: This lead always 
displayed significant S-T segment elevation after the 
arteriotomy and before insertion of the intracoronary 
shunt. Reversal of the S- T elevation occurred within 
seconds after insertion of the intracoronary shunt and 
restoration of coronary blood flow. Corresponding S-T 
elevation was not observed in the standard limb 


leads. 


Characteristic sequential changes in the epicardial elec- 
trocardiogram during construction of a bypass graft to the left 
anterior descending coronary artery are shown in Figure 2. 
Before incision of the artery, the S-T segment was isoelectric 
(Fig. 2A). After incision of the artery and before the intraco- 
ronary shunt was inserted the S- T segment became elevated 
(Fig. 2B). Installation of the shunt with restoration of coronary 
blood flow was associated with an almost immediate return 
of the S-T segment to isoelectric level (Fig. 2C). After the 
shunt was inserted, S- T segment shifts could be reproduced 
by closing and opening the shunt with a clamp (Fig. 2D to 
2F). 

Figure 3 shows the effect of closing the shunt on the epi- 
cardial electrocardiogram of a patient with three vessel cor- 
onary artery disease and a poor collateral circulation estimated 
angiographically. Clamp closure of the shunt was associated 
with progressive S-T segment elevation until the tracing 
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FIGURE 2. Epicardial electrogram in a representative case. A, before incision of the left anterior descending coronary artery. The S-T segment is 
isoelectric. B, clamping and incision of the left anterior descending artery is associated with S-T segment elevation. C, after insertion of the shunt, 
the S-T segment again becomes isoelectric. D, the shunt has been inserted in the left anterior descending coronary artery and the S-T segment 
is isoelectric in the epicardial electrocardiogram recorded from the territory of the artery. E, closure of the shunt with a clamp for several seconds 
is associated with S-T elevation. F, release of the clamp results in almost immediate return of the S-T segment to the baseline. The simultaneously 
recorded standard limb leads failed to display S-T segment shift during any of these procedures. 
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achieved the appearance of a monophasic action potential. 
Release of the clamp was associated with junctional S-T de- 
pression and a marked increase in T wave amplitude com- 
pared with the control wave, thus suggesting residual suben- 
docardial injury. 


Discussion 


Various types of catheter stents or graduated probes 
have been used during aortocoronary bypass surgery to 
simplify small vessel anastomoses, assure accuracy of 
suture placement and facilitate identification of non- 
stenotic vessel lumens.?? However, these stents or 
probes do not provide for maintenance of coronary 
blood flow during construction of the bypass graft. 

Effect on intraoperative myocardial infarction: 
The electrocardiographic incidence of intraoperative 
myocardial infarction in eight reported series involving 
863 patients was 18 percent..6-1? Using a combination 
of cardiac enzymatic and scintigraphic methods, Cole- 
man et al.!? found a 16 percent incidence rate of intra- 
operative myocardial infarction. Before the intracoro- 
nary shunt was introduced at our institution, intraop- 

-erative myocardial infarction occurred in 12 percent of 
50 consecutive patients undergoing aortocoronary by- 
pass. By contrast, none of 30 consecutive patients 
undergoing aortocoronary bypass after introduction of 
the shunt had electrocardiographic evidence of intra- 
operative myocardial infarction. Although it was orig- 
inally planned to use the intracoronary shunt on a 
random basis, the consistency of S-T segment elevation 
in the epicardial electrocardiogram and its immediate 
reversal when the shunt was opened made it difficult to 
justify surgery without use of the shunt. Therefore, the 
30 consecutive patients operated on with use of the 
shunt were compared with the previous 50 patients 
operated on without use of the shunt. Because the two 
groups of patients were comparable with respect to 
surgical technique and severity of coronary artery dis- 
ease, it is reasonable to attribute the absence of elec- 
trocardiographic evidence of intraoperative myocardial 
infarction in the former group to maintenance of coro- 
nary blood flow during graft construction. 

Persistent S-T segment elevation was found in 42 
percent of patients before and in 17 percent of patients 
after use of the shunt. Postoperative S-T elevation is 
usually attributed to pericarditis. However, the signif- 
icant reduction in the incidence of postoperative S-T 
elevation suggests that such elevation may occasionally 
be due to myocardial injury. 

Role of hypothermia: Aortocoronary bypass in our 
series of patients was performed in the normothermic 
beating heart. In may be argued that maintenance of 
coronary blood flow during graft construction is un- 
necessary in the hypothermic heart. That hypothermia 
does not completely protect the myocardium is indi- 
cated by the fact that most of the studies documenting 
a high incidence rate of intraoperative myocardial in- 
farction originated from centers in which aortocoronary 
bypass was performed in the hypothermic heart. It has 
been shown experimentally that reperfusion after a 
period of coronary occlusion may be associated with an 
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FIGURE 3. Epicardial electrocardlogram in a patient with three vessel T 


disease and poor collateral vessels. A, a functioning shunt is in place 
in the left anterior descending coronary artery (LAD) and the epicardial 


electrogram registered from the territory of the artery displays an iso- — 


electric S-T segment. B, clamping of the shunt is associated with pro- 
gressive S-T elevation. C, release of the clamp is associated with return 
of the S-T segment to the baseline, but the T waves are now tall and 
peaked compared with the control waves. 


increase rather than a decrease in myocardial dam- 
age.1415 Although the period of occlusion in experi- 
mental models is generally longer than that associated 
with coronary bypass surgery, it is possible that intra- 
operative myocardial damage is in some instances 
caused by alterations in the microvasculature during the 
period of occlusion. 

Epicardial versus limb lead electrocardiogram: 
The epicardial electrocardiogram always displayed S-T 
segment elevation during the brief period in which 
coronary blood flow was interrupted before installation 
of the shunt although corresponding S-T elevation was 
not evident in the simultaneously recorded standard 
limb leads. This discrepancy may have occurred because 
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the chest was open and injury potentials were not 


propagated to the body surface. But it is more likely that 
S-T elevation was the result of local injury potentials 
from a small area of myocardium corresponding to the 
territory of the grafted artery. This might explain why 
intraoperative myocardial infarction appears to be a 
more benign process than is the usual acute myocardial 
infarction. The absence of S-T segment alterations in 
the standard limb leads similar to those observed in the 
epicardial electrocardiogram suggests that the standard 
limb leads are inadequate for cardiac monitoring during 
aortocoronary bypass surgery. 

Implications: All patients undergoing aortocoronary 
bypass with use of the intracoronary shunt had relief of 
angina pectoris. This finding suggests that in this series 
of patients relief of angina was due to improvement in 
coronary blood flow rather than to infarction of ischemic 
myocardium. 

As the technique of aortocoronary bypass surgery 
improves it is to be expected that the incidence of in- 
traoperative myocardial infarction will decrease. The 
intracoronary shunt technique deserves further study 
to determine whether or not it will contribute to a re- 
duction in the incidence of intraoperative myocardial 
infarction when other approaches to bypass surgery, 
particularly hypothermia, are utilized. 
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Indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
It is particularly useful when thiazide diuretics, cor- 
ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison's disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 
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tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
otassium level are desirable. In established hypo- 
alemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 


ECG for cardiac irregularities. To minimize the pos- 


sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be carefully directed 
to dissolve each dose completely in the stated 


amount of water. E 


754124 
` 


Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 
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quired in administering to patients with glaucoma. If blurring of 
vision or dryness of mouth occurs, drug should be discontinued. 
Adverse Reactions: Occasionally transient headaches may occur. 
Overdoses may cause flushing, headaches, tachycardia, dizziness. 
Dosage and Administration: One capsule two or three times daily 
at 8 to 12 hour intervals. 


== | PHARMACEUTICAL DIVISION 


MMARIO 


—— Í LABORATORIES, INC. 
KANSAS CITY, MISSOURI 64137 


Patient benefit products from 
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TO: 
Robert N. Henderson, M.D. 
| 120 Brighton Road 
i Clifton, N.J. 07012 


| O.K., Dr. Henderson— 


lo Show me—Send comprehensive clinical 
| and pharmacologic documentation brochure. 


O I'll prove it myself —Send clinical trial supplies as well. 


Dr 
(please print) 


(street & number) (city) (state & zip) 
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CANIS 
LITHIUM 
PACEVIAHER 
WORTHY 
eus 
MEDIRONIC 
NAME. 


1e Ayrel pacemaker cComDINE 
performance potential of 
Medtronic’s exclusive lithium power 
source with Medtronic’s own 
advanced circuitry. That means it’s a 
pacemaker that provides essential 
performance features no other 
lithium pacemaker can offer. 


Constant Rate... 

a Medtronic Exclusive 

A constant rate for the service life of 
the Xyrel pacemaker provides a 
stable and assuring pacing rate for 
your patients; however, once the 
voltage depletes to a predetermined 
but safe level, a gradual rate 
decrease occurs to communicate 
the need for pacemaker 
replacement. 


Constant Energy... 

another Medtronic Exclusive 

A measured gradual increase in 
pulse width (pulse duration) provides 


AOTVEIY CC energ t 
heart as power source voltage 
decreases. Energy to provide 
stimulation is almost the same when 
replacement is indicated as it is th 
first day of implant. 


The Xyrel pacemaker also offers 
many other features: 


e Small size, round shape 

e Improved EMI compatibility 
e Improved sensing amplifiers 
e And many more 


Prescribe the Xyrel pacemaker from 
Medtronic. 
It's the evolution of excellence. 


jo Medtronic 


Helping you help 
the pacemaker patient 





MEDTRONIC ' 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 
Ventricular pacing using an implantable 


ventgcular pulse generator is for long-term 


thefapeutic control of heart rate in 
patients with impulse formation or 
conduction disorders leading to brady- 
arrhythmias, tachyarrhythmias and heart 
block (see product labeling for detailed 
list of intended uses). 


CONTRAINDICATIONS 

There are no known contraindications to 
the use of pacing as a therapeutic 
modality for the control of heart rate. The 
patient's age and medical condition, 
however, may dictate the particular 
pacing systems and implantation pro- 
cedure used by the physician. 


WARNINGS 

Diathermy should not pe used on patients 
with pacemakers because of possible 
heat damage to electronic components. 
Electrosurgical units should never be used 
in the vicinity of unipolar pulse generators 
or bipolar pulse generators implanted in 
the unipolar mode because of danger of 
introducing fibrillatory currents into the 
heart via the implanted pulse generator / 
lead. Pulse generators may be damaged 
by defibrillatory discharges if the paddles 
are placed over the implanted pulse 
generator. 


PRECAUTIONS 

The physician should be aware that all 
pulse generators will ultimately cease to 
function, and may fail at any time due to 
random component or battery failures 
which cannot be predicted prior to fail- 
ure. Also, that the pacing system may 


cease to function at any time due to lead- 


related problems such as displacement, 
fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper 
operation may be affected by electrical 
interference from equipment using elec- 
trical energy, or medical complications. 


SIDE EFFECTS 

Body rejection phenomena, including 
local tissue reaction, muscle and nerve 
stimulation, infection, erosion of pulse 
generator/lead through skin, transvenous 
lead-related thrombosis, embolism and 
cardiac tamponade. 


LA eon 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 





KayCiel 


(potassium chloride) 


VS. 
Diet 








ORANGE FLAVORED 


^ ® 2 2 e ® 
KayCiel Elixir  KayCiel’ Powder 
Each 15 ml Each Solodose* packet 
(20 mEq of potassium (20 mEq of potassium 
chloride) contains: chloride) contains: 
Calories 17 Calories 0 


Sodium Omg Sodium 0 mg 


CONTRAINDICATIONS: Impaired renal function, untreated Addison's 
Disease, dehydration, heat cramps and hyperkalemia. 

WARNING: Do not use excessively. 

PRECAUTIONS: Administer with caution and adjust to the 

requirements of the individual patient. The patient should be checked 
frequently and periodic ECG and/or plasma potassium levels made. 
Use with caution in patients with cardiac disease. In hypokalemic states, 
attention should be directed toward the correction of the frequently 
associated hypochloremic alkalosis. 

Patients should be cautioned to adhere to dilution instructions. 
ADVERSE REACTIONS: Potassium intoxication indicated by 

listlessness, mental confusion, paresthesia of the extremities, weakness 
of the legs, flaccid paralysis, fall in blood pressure, cardiac 

depression, arrhythmias, arrest and heart block. Vomiting, nausea, 
abdominal discomfort and diarrhea may occur. 

OVERDOSAGE: In case of excessive use resulting in hyperkalemia or 
potassium intoxication, discontinue potassium chloride 

administration or take other steps to lower serum levels if indicated. 


Cooper Compliance Tip 

Help assure that your older patients take 
medications properly by printing your 
instructions in large letters. You might 
also send a copy of the instructions to the 
patient’s spouse. Please forward your 
compliance tip to Cooper Laboratories, 
300 Fairfield Road, Wayne, N.J. 07470, 
Att: W.E Cronin. 
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The Joint National Committee 
on Detection, Evaluation, and Treatment of High Blood Pressure 
has announced these updated recommendations 
for a rational "stepped-care" approach to 
the treatment of hypertension 
(105-129 mm Hg. diastolic)* 





*Presuming inadequate control of blood pressure. 


Guidelines developed by representatives of the American Academy of Family Physicians, 
the American College of Cardiology, the American College of Physicians, 
the American Heart Association, the Veterans Administration, 
the American Medical Association, the National Kidney Foundation, 
the National Medical Association, 
and the United States Public Health Service. 





(propanolol eochoide: 
A second step in the control of hypertension 
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BRIEF SUMMARY 


(For full prescribing information, see package circular ) 


INDERAL® 
Fes of propranolol hydrochloride 





BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSI- 
CIAN SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 
ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY 
OF THIS DRUG. 








ACTIONS 
The mechanism of the antihypertensive effects of INDERAL has not been established 
Among the factors that may be involved are (1) decreased cardiac output, (2) inhibition 
of renin release by the kidneys, and (3) diminution of tonic sympathetic nerve outflow 
from vasomotor centers in the brain 

Propranolol hydrochloride decreases heart rate, cardiac output, and blood pressure 
Although total peripheral vascular resistance may increase initially, it readjusts to the 
pretreatment level, or lower. with chronic usage. Earlier studies indicate that plasma 
volume remains unchanged or may decrease. However, there are certain more recent 
studies suggesting that in the absence of sodium restriction, plasma volume may 
increase. 


INDICATIONS 

Hypertension 

INDERAL is indicated in the management of hypertension. It is usually used in 
combination with other drugs. particularly a thiazide diuretic. INDERAL ıs not indicated 
for treatment of hypertensive emergencies 


Pheochromocytoma 

After primary treatment with an alpha-adrenergic blocking agent has been instituted, 
INDERAL may be useful as adjunctive therapy if the control of tachycardia becomes 
necessary before or during surgery. 

It is hazardous to use INDERAL unless alpha-adrenergic blocking drugs are already in 
use, since this would predispose to serious blood pressure elevation. Blocking only the 
peripheral dilator (beta) action of epinephrine leaves its constrictor (alpha) action 
unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in having both beta and 
alpha blockade since the combination prevents the increase in heart rate and peripheral 
vasoconstriction needed to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may be useful as an 
adjunct to the management of symptoms due to excessive beta receptor stimulation. 


CONTRAINDICATIONS 

INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen 
season; 3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock: 
5) right ventricular failure secondary to pulmonary hypertension; 6) congestive heart 
failure (see WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable 
with INDERAL; 7) in patients on adrenergic-augmenting psychotropic drugs (including 
MAO inhibitors), and during the two week withdrawal period from such drugs 


WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory 
function in congestive heart failure, and inhibition with beta-blockade always carries the 
potential hazard ot further depressing myocardial contractility and precipitating cardiac 
failure. INDERAL acts selectively without abolishing the inotropic action of digitalis on the 
heart muscle (i.e., that of supporting the strength of myocardial contractions). In patients 
already receiving digitalis, the positive inotropic action of digitalis may be reduced by 
INDERALS negative inotropic effect. The effects of INDERAL and digitalis are additive in 
depressing AV conduction 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE. continued depression of 
the myocardium over a period of time can, in some cases. lead to cardiac failure. In rare 
instances, this has been observed during INDERAL therapy. Therefore, at the first sign or 
symptom of impending cardiac failure, patients should be fully digitalized and. or given a 
diuretic, and the response observed closely: a) if cardiac falure continues, despite 
adequate digitalization and diuretic therapy, INDERAL therapy should be immediately 
withdrawn; b) if tachyarrhythmia is being controlled, patients should be maintained on 
combined therapy and the patient closely followed until threat of cardiac failure is over 


IN PATIENTS WITH ANGINA PECTORIS. there have been reports of exacerbation 
of angina and, in some cases. myocardial infarction, following abrupt discontinua- 
tion of INDERAL therapy. Therefore, when discontinuance of INDERAL is planned 
the dosage should be gradually reduced and the patient carefully monitored. In 
addition, when INDERAL is prescribed for angina pectoris. the patient should be 
cautioned against interruption or cessation of therapy without the physicians 
advice. If INDERAL therapy is interrupted and exacerbation of angina occurs, it 
usually is advisable to reinstitute INDERAL therapy and take other measures 
appropriate for the management of unstable angina pectoris. Since coronary 
artery disease may be unrecognized, it may be prudent to follow the above advice 
in patients considered at risk of having occult atherosclerotic heart disease, who 
are given propranolol for other indications 














IN PATIENTS WITH THYROTOXICOSIS. possible deleterious effects from long term 
use have not been adequately appraised. Special consideration should be given to 
propranolol's potential for aggravating congestive heart failure. Propranolol may mask 
the clinical signs of developing or continuing hyperthyroidism or complications and give 
a false impression of improvement. Therefore, abrupt withdrawal of propranolol may be 
followed by an exacerbation of symptoms of hyperthyroidism, including thyroid storm 
This is another reason for withdrawing propranolol slowly. Propranolol does not distort 
thyroid function tests 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have 
been reported in which, after propranolol. the tachycardia was replaced by a severe 
bradycardia requiring a demand pacemaker. In one case this resulted after an initial dose 
of 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release 
for maintenance of adequate cardiac function, beta blockade will impair the desired 
inotropic effect. Therefore, INDERAL should be titrated carefully when administered for 
arrhythmias occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of 
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case of emergency surgery, since INDERAL is a competitive inhibitor of beta receptor 
agonists, its effects can be reversed by administration of such agents, e.g., isoproterenol 
or levarterenol. However, such patients may be subject to protracted severe hypoten- 
sion. Difficulty in restarting and maintaining the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC 
BRONCHITIS, EMPHYSEMA), INDERAL should be administered with caution since it 
may block bronchodilation produced by endogenous and exogenous catecholamine 
stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta- 
adrenergic blocking activity, INDERAL may prevent the appearance of premonitory signs 
and symptoms (pulse rate and pressure changes) of acute hypoglycemia. This is 
2specially important to keep in mind in patients with labile diabetes. Hypoglycemic 
attacks may be accompanied by a precipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been 
established. Use of any drug in pregnancy or women of childbearing potential requires 
that the possible risk to mother and/or fetus be weighed against the expected 
therapeutic benefit. Embryotoxic effects have been seen in animal studies at doses about 
10 times the maximum recommended human dose. 


PRECAUTIONS 
Patients receiving catecholamine depleting drugs such as reserpine should be closely 
observed if INDERAL is administered. The added catecholamine blocking action of this 
drug may then produce an excessive reduction of the resting sympathetic nervous 
activity. Occasionally, the pharmacologic activity of INDERAL may produce hypotension 
and/or marked bradycardia resulting in vertigo, syncopal attacks, or orthostatic 
hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be 
observed at regular intervals. The drug should be used with caution in patients with 
impaired renal or hepatic function 


ADVERSE REACTIONS 
Cardiovascular’ bradycardia; congestive heart failure; intensification of AV block: 
hypotension, paresthesia of hands; arterial insufficiency, usually of the Raynaud type; 
thrombocytopenic purpura 

Central Nervous System: lightheadedness; mental depression manifested by insom- 
nia. lassitude, weakness, fatigue; reversible mental depression progressing to catatonia: 
visual disturbances. hallucinations; an acute reversible syndrome characterized by 
disorientation for time and place, short term memory loss, emotional lability, slightly 
clouded sensorium, and decreased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with 
aching and sore throat, laryngospasm and respiratory distress 

Respiratory. bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura 

“Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the 
skin. serous membranes and conjunctivae reported for a beta blocker (practolol) have 
not been conclusively associated with propranolol. 

Clinical Laboratory Test Findings. Elevated blood urea levels in patients with severe 
heart disease, elevated serum transaminase, alkaline phosphatase, lactate dehydro- 
genase 


DOSAGE AND ADMINISTRATION 
The dosage range for INDERAL is different for each indication. 
ORAL 

HYPERTENSION—Dosage must be individualized 

The initial dose is 80 mg INDERAL daily in divided doses. The dose may be increased 
gradually until optimum blood pressure response is achieved. The usual effective dose 
range is 160 to 480 mg per day. In some instances dosages of 640 mg per day may be 
required. The time course of full blood pressure response is variable and may range from 
a few days to several weeks. INDERAL is usually used in conjunction with other 
antihypertensive agents, particularly a thiazide diuretic. When INDERAL is employed as 
the sole therapeutic agent, concomitant dietary sodium restriction may be advan- 
tageous. 

FHEOCHROMOCYTOMA —Preoperatively—60 mg daily in divided doses for three 
days prior to surgery. concomitantly with an alpha-adrenergic blocking agent. 

—Management of inoperable tumor—30 mg daily in divided doses 
PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age group are too limited to permit 
adequate directions for use 
INTRAVENOUS 

The intravenous administration of INDERAL has not been evaluated adequately in the 
management of hypertensive emergencies 


OVERDOSAGE OR EXAGGERATED RESPONSE 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED: 
BRADYCARDIA—ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO 
RESPONSE TO VAGAL BLOCKADE. ADMINISTER ISOPROTERENOL CAUTIOUSLY 
CARDIAC FAILURE—DIGITALIZATION AND DIURETICS 
HYPOTENSION—VASOPRESSORS, e.g, LEVARTERENOL OR EPINEPHRINE 
(THERE IS EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE.) 
BRONCHOSPASM —ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED 

INDERAL (propranolol hydrochloride) 
TABLETS 
No. 461—Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles of 
100 and 1,000. Also in unit dose package of 100. 
No. 464—Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 
100 and 1,000. Also in unit dose package of 100. 
No. 458—Each scored tablet contains 80 mg of propranolol hydrochloride, in bottles of 
100 and 1,000. Also in unit dose package of 100. 


INJECTABLE 
No. 3265—Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. The 
pH is adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10 





t Moser. M., et ul.: Report of the Joint National Committee on Detection, Evaluation, and 
Treatment of High Blood Pressure, a cooperative study, J.A.M.A. 237:255 (Jan. 17) 1977. 
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Medical Authors 
How to be 
professional 


about 


Compiled by Harriet R. Meiss 





being publishe 


If you or members of your staff write, submit or review papers for 
medical journals you will wonder how you ever did without this handy 
guide. Here, in one place, is all the information you need to select the 
publications most likely to publish your paper as well as their require- 
ments for accepting manuscripts. 


Information to Authors will save hours of valuable look-up and re- 
search time, plus help you avoid costly errors in manuscript preparation. 
In this one volume you will find everything you need to know about writing 
for publication including: 


subject index to quickly identify publications in your field of interest 
editors with specialty so manuscripts can be personally directed 
members of editorial board with credentials 

scope and editorial policy of publication 

sponsoring societies 

sources for standard nomenclature 

basic style guides 

number of copies of manuscript 

rules for preparation of illustrations, tables, graphs 

acceptable format 

guide to footnote and reference usage 

address for manuscripts 


If you are now writing— or planning to write — send for your copy of 
Information to Authors right away. It will make writing for publication a 
much easier process. 

Use the convenient order form below. Enclose your check, please, as 
no order will be processed unless accompanied by payment. 


Information to Authors 

Levy Library 

Mount Sinai School of Medicine 
Fifth Avenue and 100th Street 
New York, New York 10029 


Please send me postage paid 





of New York./328 pages. 


and Doris A. Jaeger 

of the Levy Library, 

Mount Sinai School of Medicin 
of the City University 


140 medical journals 
representing these specialties: 


Allergy 
Anesthesiology 
Arthritis 
Biology 
Bone 
Cancer 
Cardiovascular 
System 
Clinical Medicine 
Communicable 
Diseases 
Critical Care 
Dermatology 
Gastroenterology 
General Medicine 
Geriatrics 
Hematology 
Immunology 


Infectious Diseases 


Internal Medicine 
Metabolism 
Neoplasms 
Neurology and 

Neurosurgery 
Nutrition 


Obstetrics and 
Gynecology 
Ophthalmology 
Orthopedics 
Otorhinolaryngology 
Pathology 
Pediatrics 
Pharmacology and 
Therapeutics 
Physical Medicine 
Plastic Surgery 
Preventive Medicine 
Psychiatry 
Public Health 
Radiology and Nucle: 
Medicine 
Reproduction 
Respiratory System 
Rheumatism 
Rhinology 
Roentgenology 
Surgery 
Trauma 
Thoracic Diseases 
Urology 
Venereal Diseases 


AJC-6/77 


_ copy(ies) of your Information to Authors. | enclose payment. $13.50* per copy, 


domestic and $15.00 per copy, foreign. (Please make checks payable to “MSSM—Information to Authors.) 


Name 


Address 


ly ..  — - : E pr Nate 


*New York State residents nlease add applicable sales taxes. 1 
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Philips Poly Diagnost C: aU-arm system 
with cranio-caudal capability 





J 


Clear visualization 
of overlapping 
vessels in cardiac 
angiography 





With the Poly Diagnost C, cranio-caudal 
(or hemi-axial) capability is incorporated 
into a rotating U-arm system. Now, the 
X-ray beam can be both rotated around 
the patient and angulated along the 
transverse axis. The patient remains 
stationary. Both brachial and femoral 
techniques are done with ease, even on 
tall patients. 

Hemi-axial capability lets you visualize 
what's been difficult to see in cardio- 
vascular examinations. Particularly the 
left coronary artery and its branches. The 
Poly Diagnost C gives clear, unobstructed 
views of these and other areas of cardiac 
anatomy —supplementary projections to 
help you detect stenosis which might 
otherwise be obscured. 

Philips new U-arm system reduces 
patient stress and insures a more efficient 
procedure in cineangiography and in both 
single and bi-plane modes. Equipped with 
a pivoting base, the U-arm parks quickly 
aside, thereby insuring easy use of large 
size film changers. 

Philips Poly Diagnost C: new directions 
for improved cardiovascular diagnostics. 


For additional information, contact your 
Philips representative. Or, call or write: 


PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avenue, Shelton, Conn. 06484 
Tel. (203) 929-7311 
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ACCEL™, AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING, 





INVITES YOU TO TAKE ADVANTAGE OF A CONTINUING EDUCATION 
IN CARDIOLOGY — OON AUDIOTAPE CASSETTES 


ACCEL™ offers monthly 60-minute cassettes of clinically- 
oriented discussion of relevance to the daily practice and 
today's treatment of patients with cardiovascular disease. 
Covered are current controversies and vital new develop- 
ments through special interviews with noted authorities. 
Highlights from meetings of the College and selected panel 
discussion from continuing education seminars provide con- 
stant exposure and valuable information otherwise not easily 
obtainable. Accompanying each tape is a complete index 
which also includes special features such as self-assessment 
quizzes; interpretation of unknown electrocardiograms; 
medical film and tape reviews; and references to important 
reading in the latest medical literature. In addition, 35mm 
slides are often included for both individual and group 
study. 


Attend a conference or seminar without actually being there! 


Subscribe to ACCEL™ today. 





MULTIMEDIA JOURNAL 
ex Jimand, MO 


Võre * ACCES 





SELF-ASSESSMENT QUIZ 


The following questions are answered and discussed in recent 
ACCEL™ tapes. 


1. Ductus arteriosus in infants can close in response to 


A. Aspirin therapy 
| B. Indomethacin therapy 
| C. Either of the above 
D. Neither of the above 


2. Furosemide is generally not a good anti-hypertensive drug 
because 


A. It is too short acting 
| B. It is too long acting 
C. It is too toxic 


3. In a series of 100 positive treadmill tests performed in appar- 
ently normal individuals, ten were ultimately shown to be 
falsely positive. Thus, 


A. The sensitivity of the test is 9095 
B. The specificity of the test is 9096 
C. The relative statistical risk is 90% 


A. After load 

B. Pre load 

C. Left ventricular chamber size 
D. All of the above 


| 
| 
4. Isosorbide dinitrate sublingually has been shown to decrease 


ANSWERS: 
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Please enter my one year (12 issues) subscription to ACCEL '*. I enclose $ 


(U. S. Funds) for the plan 


checked below: (Checks payable to: THE AMERICAN COLLEGE OF CARDIOLOGY, 9650 Rockville Pike, Bethesda, Maryland 20014) 


PLAN A-—Audiocassette subscription only 

U.S. (including Canada and Mexico) ACC members, $70.00 
U.S. (including Canada and Mexico) non-members, $80.00 
Foreign ACC members, $85.00 

Foreign non-members, $95.00 

(Payable only in U.S. Funds) 


ACCEL™ is acceptable for up to twelve elective hours by the 
American Academy of Family Physicians. ACCEL™ is also 
acceptable for the Physician's Recognition Award of the 
American Medical Association in Category 5(a) on an hour- 
for-hour basis within the 22 credit hour limit for this category. 
Because ACCEL™ is educational material offered by a recog- 
nized non-profit organization, all ACCEL'^ subscriptions are 
tax deductible. 
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PLAN B—Audiocassette subscription with GE Player/Recorder 
U.S. only—ACC members, $130.00 


U.S. only—non-members, $140.00 


Name 


Subscription address 


Type of practice 


[] Check enclosed [] Bill me 
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BLI Sine-Wave Blood Flowmeter 
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TRAMSDUCER GATE ZERO RANGE/BALANCE 


Biotronex Laboratory, Inc. 


4225 Howard Avenue, Kensington, Md. 20795, Phone: 301-942-1800 
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ergometer and rower 


Finland’s leading physical fitness institutions helped design the Tunturi er- 
gometer and rower. The ergometer offers variable watt load range of 25 to 300 w. 
(450 to 1800 kpm/min.) @ 50 rpm. At $340, it is ideal for home cardio pulmonary 
rehabilitation prescription. The new Tunturi rower, at $250, has adjustable oar 
resistance, and is excellent for total body conditioning. 





Sauna, Inc. 
Fitness Equip. Div. 
P.O. Box 3825 
Bellevue, WA 98009 
Call collect: 206-454-2164 
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nonreserpine gu 
Each tablet contains: 
Catapres®, brand of clonidine hydrochloride, and 
0.1 or 0.2 mg and chlorthalidone, 15 mg 
Ihe only major ne 


combination antihypertensive 
in a decade 


ERRAN 


Please see brief summary of the prescribing information including precautions, warnings, adverse reactions. 





Combipreso..e 


Each tablet contains: 
Catapres* brand of clonidine hydrochloride, 
0.1 or 0.2 mg and chlorthalidone, 15 mg 


Works better than either 
component in equivalent 
doses* 


Works in mild to severe 
hypertension 


Works conveniently for 
patients who need more 
than one drug* 


Works for less than the 
cost of separate Rxs* 


Works and works and 
works — convenience and 
economy promote long- 
term patient compliance 


*Combipres is not indicated for initial therapy of 
hypertension. It is indicated for hypertensive 
patients who need more than one drug for ade- 
quate lowering of blood pressure and who have 
proved to be responsive to its components given 
separately in dosages equivalent to those in 
the combination. 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination 


represents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 





Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
P sensitivity to chlorthalidone and patients with 
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severe renal or hepatic diseases. 
Warnings: Tolerance may develop in some 
instances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on 
possible adverse effects in pregnant women is 
limited to uncontrolled clinical data, the drug is 
not recommended in women who are or may 
become pregnant unless the potential benefit 
outweighs the potential risk to mother and fetus. 
Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and asso- 
ciated subjective symptoms such as nervousness, 
agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been 
recorded after cessation of clonidine hydro- 
chloride therapy. A causal relationship has not 
been established in these cases. It has been 
demonstrated that an excessive rise in blood 
pressure, should it occur, can be reversed by re- 
sumption of Combipres therapy or by intravenous 
phentolamine. Patients who engage in potentially 
hazardous activities, such as operating machinery 
or driving, should be advised of the sedative 
effect of the clonidine hydrochloride component. 
This drug may enhance the CNS-depressive 
effects of alcohol, barbiturates and other seda- 
tives. Like any other antihypertensive agent, 
Combipres should be used with caution in 
patients with severe coronary insufficiency, 
recent myocardial infarction, cerebrovascular 
disease or chronic renal failure. 
As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for 
some dryness of the eyes, no drug-related 
abnormal ophthalmological findings have been 
recorded with Catapres, in several studies the 
drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated 
for 6 months or longer. 
Patients predisposed toward or affected by 
diabetes should be tested periodically while 
receiving Combipres, because of the hyper- 
glycemic effect of chlorthalidone. 
Because of the possibility of progression of renal 
failure, periodic determination of the BUN is 
indicated. If, in the physician's opinion, a rising 
BUN is significant, the drug should be stopped. 
The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. 
Muscular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 
Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to 
detection of hypokalemia in patients receiving 
adrenal corticosteroids, ACTH or digitalis. Hypo- 
chloremic alkalosis often precedes other evi- 
dence of severe potassium deficiency. Frequently, 
therefore, more sensitive indicators than the 
potassium serum level are the serum bicarbonate 
and chloride concentrations. Also indicative of 
potassium depletion can be electrocardiographic 
alterations such as changes in conduction time, 
reduction in amplitude of the T wave; ST segment 
depression; prominent U wave, These abnormali- 
ties may appear with potassium depletion before 
the serum level of potassium decreases. To lessen 
the possibility of potassium deficiency, the diet, 
in addition to meat and vegetables, should in- 
clude potassium-rich foods such as citrus fruits 
and bananas. If significant potassium depletion 
should occur during therapy, oral potassium 
supplements in the form of potassium chloride 
(3 to 4.5 gm/ day), fruit juice and bananas should 
be given. 
Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to 
diminish with continued therapy. 
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Clonidine hydrochloride: Anorexia, malaise, nau- 
sea, vomiting, parotid pain, mild transient abnor- 
malities in liver function tests; one case of possible 
drug-induced hepatitis without icterus and hyper- 
bilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine 
hydrochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, 
anxiety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasa! mucosa, pallor, gynecomas- 
tia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested 
as Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramp- 
ing, weakness, dizziness, transient myopia and 
restlessness are occasionally observed. Head- 
ache and impotence or dysuria may occur rarely. 
Orthostatic hypotension has been reported and 
may be potentiated when chlorthalidone is com- 
bined with alcohol, barbiturates or narcotics. 
Skin rashes, urticaria and purpura have been 
reported in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop in- 
consistently. This condition, usually reversible on 
discontinuation of therapy, responds to control 
with antidiabetic treatment. Diabetics and those 
predisposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout 
have been precipitated. In cases where pro- 
longed and significant elevation of blood uric 
acid concentration is considered potentially de- 
leterious, concomitant use of a uricosuric agent 
is effective in reversing hyperuricemia without 
loss of diuretic and/or antihypertensive activity. 
Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranu- 
locytosis, and necrotizing angiitis have occurred, 
but are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after pro- 
longed administration. 

Other adverse reactions which have been 
reported with this general class of compounds 
include: jaundice, xanthopsia, paresthesia 

and photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 
age. Gastric lavage and administration of an ana- 
leptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses 
of 10 mg at 30-minute intervals abolishes all 
effects of Catapres overdosage. 

Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances 
of electrolyte balance. There is no specific anti- 
dote, but gastric lavage is recommended, fol- 
lowed by supportive treatment. Where necessary, 
this may include intravenous dextrose and saline 
with potassium administered with caution. 

How Supplied: Combipres® 0.1 (Each tablet 
contains clonidine hydrochloride 0.1 mg + 
chlorthalidone 15 mg). It is available as pink, 
oval, single-scored compressed tablets in bottles 
of 100. 

Combipres® 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone 15 mg). 

It is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 

Under license from Boehringer Ingelheim GmbH 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 
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Pacemaker 
reliability... 


something you both get 
from P| é " 


For the physician, this means less frequent 
replacement and fewer problems with the pace- 
maker once it is implanted. For the patient, 

it means a higher confidence level in his physician 
and greater optimism about his potential for a 
longer, more comfortable life after surgery. 


CPI established its position of leadership among 
pacemaker manufacturers when it pioneered 

the research and development of lithium-powered 
pulse generators. Now, CPI is setting industry 
standards in pacemaker reliability. For example, 
CPI's failure rate is approximately .04% per month at 
the 90% confidence level compared to the failure 
rate of 15% per month at the 9096 confidence level 
set by the Nuclear Regulatory Commission for 
nuclear-powered pacemakers. This includes all 
reported implants since CPIl's first in 1972. Further, 
clinical data shows that CPI pulse generators 

have averaged more than 2 million pacing hours 
mean time between failures* CP! has pacemakers 
implanted up to 48 months and to date has not 
experienced premature battery failure. 


CPI is committed to maintaining the standards of 
excellence that made them the leader in lithium 
and reliability...standards that help CPI provide 
you with the highest quality pacemaker available. 
You can have every confidence in CPI pacemaking 
systems...and so 
can your patients. 


* 
me. 
“a. 


...Of the 

three major 
pacemaker 
companies, CPI ES 
is the leader in lithium 
and reliability. 





® 
CARDIAC PACEMAKERS, INC. 


4100 NORTH HAMLINE AVE 

ST. PAUL, MINNESOTA 55112 U.S.A 
TELEPHONE: (612) 631-3000 

CABLE: CARDIAPACE. ST. PAUL/TEI.EX 29-7049 


*Clinical data available upon request 
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In continuous 
rheumatic fever 
prophylaxis, 
would you rather 
trust your patient? 














Or yourself? 


Injection penicillin G benzathine is recommended 
as the method of choice* to prevent streptococcal 
infection and possible recurrence of rheumatic 
fever. One reason is that just one injection of 
1,200,000 units, once a month, usually offers 
effective and continuous prophylaxis. So there's 
no need to worry that your patient will forget to 
take a tablet every day. 


Mild to moderate group A streptococcal pharyn- 
gitis (without bacteremia) therapy is in your 
hands, too. Because a single injection (600,000 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. 
Indications: In treatment of infections due to penicillin G-sensitive micro- 
organisms susceptible to the low and very prolonged serum levels common to 
this dosage form. Therapy should be guided by bacteriological studies (including 
sensitivity tests) and clinical response. 

The following infections usually respond to adequate dosage of IM penicillin 
G benzathine. 
Streptococcal infections (Group A —without bacteremia). Mild to moderate upper 
respiratory infections (e.g., pharyngitis). 
Venereal infections —Syphilis, yaws, bejel, and pinta. 

Medical conditions in which penicillin G benzathine therapy is indicated as 
prophylaxis: 
Rheumatic fever and/or chorea —Prophylaxis with penicillin G benzathine has proven 
effective in preventing recurrence of these conditions. It has also been used as 
followup prophylactic therapy for rheumatic heart disease and acute glomeru- 
lonephritis. 
Contraindications: Previous hypersensitivity reaction to any penicillin. 
Warnings: Serious and occasionally fatal hypersensitivity (anaphylactoid) reactions 
have been reported. Anaphylaxis is more frequent following parenteral therapy but 
has occurred with oral penicillins. These reactions are more apt to occur in 
individuals with history of sensitivity to multiple allergens. Severe hypersensitivity 
reactions with cephalosporins have been well documented in patients with history 
of penicillin hypersensitivity. Before penicillin therapy, carefully inquire into pre- 
vious hypersensitivity to penicillins, cephalosporins and other allergens. If allergic 
reaction occurs, discontinue drug and treat with usual agents, e.g., pressor 
amines, antihistamines and corticosteroids. 
Precautions: Use cautiously in individuals with histories of significant allergies 
and/or asthma. 


INJ ECTION TA 
Bicillin L-A 


sterile penicillin G 





benzathine suspension) 44 


to 900,000 units in children and 1,200,000 units 
in adults) usually maintains serum concentrations 
for the ten days deemed necessary to eradicate 
the streptococci and preclude the initial onset 
of rheumatic fever.t 

You, more than anyone else, know the impor- 
tance of effective and continued rheumatic fever 
prophylaxis. So is there any question of whom 
you'd rather trust? 


*Rheumatic Fever Committee of the Council on Rheumatic Fever 
and Congenital Heart Disease of the American Heart Association. 


Carefully avoid intravenous or intraarterial use, or injection into or near major 
peripheral nerves or blood vessels, since such injection may produce neurovascular 
damage. 

tin streptococcal infections, therapy must be sufficient to eliminate the organism, 
otherwise the sequelae of streptococcal disease may occur. Take cultures following 
completion of treatment to determine whether streptococci have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of non-susceptible 
organisms including fungi. Take appropriate measures if superinfection occurs. 
Adverse Reactions: Hypersensitivity reactions reported are skin eruptions (maculo- 
papular to exfoliative dermatitis), urticaria and other serum sickness-like reactions, 
laryngeal edema and anaphylaxis. Fever and eosinophilia may frequently be only 
reaction observed. Hemolytic anemia, leucopenia, thrombocytopenia, neuropathy 
and nephropathy are infrequent and usually associated with high parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has been reported. 
Composition: (units penicillin G benzathine as active ingredient in aqueous sus- 
pension): 300,000 units per ml. — 10-ml. multi-dose vial. Each ml. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3 mg. povidone, 1 mg. carboxy- 
methylcellulose, 0.5 mg. sorbitan monopalmitate, 0.5 mg. polyoxyethylene 
sorbitan monopalmitate, 1.2 mg. methylparaben and 0.14 mg. propylparaben. 

oe units in 1-ml. TUBEX"* (sterile cartridge-needle unit) Wyeth, packages 
of 10. 

900,000 units, 1.5-ml. fill in 2-ml. TUBEX, packages of 10. 

1,200,000 units in 2-ml. TUBEX, packages of 10, and in 2-ml. single-dose 
disposable syringe, package of 10. 

2,400,000 units in 4-ml. single-dose disposable syringe, packages of 10. 

Each TUBEX or disposable syringe also contains sodium citrate buffer and, as 
w/v, approximately 0.5% lecithin, 0.6% carboxymethylcellulose, 0.6% povidone, 
0.1% methylparaben and 0.01% propylparaben. 


Once-a-month 
rheumatic fever 
prophylaxis. 


Wyeth Laboratories 


Á Philadelphia, Pa. 19101 
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First agaln... 


First to produce a really rugged transducer capable of withstanding 
rigorous use in a busy hospital. 


First to develop and introduce the prepackaged, sterile disposable 
domes, eliminating the need to sterilize the transducer. 


...and now Bentley Laboratories, Inc. is first to offer a two year warranty 
when you use our transducers and disposable domes. We're that 
confident of the dependability of our products. For order and price 
information, call your Bentley representative, or contact: 


T 


BENTLEY LABORATORIES, INC. . 
17502 Armstrong Avenue - Y 
Irvine, California 92714 | |. 

(714) 546-8020 E | 
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The operative mortality rate of aortocoronary bypass surgery in 23 patients 
with poor left ventricular function (ejection fraction 0.30 or less) operated 
on in 1973-74 was 34.7 percent. The incidence rate of operative myo- 
cardial infarction was 30.4 percent. In an attempt to improve survival, 
intraaortic balloon counterpulsation was used thereafter in 25 similar 
patients. Counterpulsation was instituted preoperatively and continued 
intra- and postoperatively for 2 to 5 days. Preoperative studies revealed 
an “unloading” effect of the left ventricle, with significant reductions of | 
systolic arterial blood pressure, end-diastolic pulmonary arterial pressure 
and end-diastolic left ventricular volume and pressure. Metabolic im- 
provement was demonstrated by the lesser production of myocardial 
lactate after pacing-induced tachycardia when the ventricle was bal- 
loon-assisted. Intraoperatively, blood flow through the vein graft was found 
to increase with counterpulsation. The rate of operative myocardial in- 
farction was reduced to 4 percent and the mortality rate to 8 percent. 

In patients who have sustained a significant loss of functioning myo- 
cardium, the beneficial hemodynamic and metabolic effects of intraaortic 
balloon counterpulsation appear to prevent further, possibly critical, 
myocardial damage in the perioperative period. 


The survival of patients with severe myocardial dysfunction due to oc- 
clusive coronary artery disease depends upon the preservation of all 
viable myocardium and the arrest of further ischemic injury. There is 
evidence suggesting that this protection can best be achieved with sur- 
gical revascularization of the myocardium, but the operative mortality 
rate of the procedure is high.!-? 

The purpose of this report is to indicate that the mortality of aorto- 
coronary bypass in patients with poor left ventricular function can be 
significantly reduced with the assistance of intraaortic counterpulsa- 
tion. 


Methods 


Patients: All patients in this study were severely limited by angina plus 
dyspnea (classes III and IV, New York Heart Association classification?4). 
Coronary arteriography evidenced 70 percent or greater obstruction of the lu- 
minal diameter of three or more coronary vessels and left ventriculography re- 
vealed generalized decrease of left ventricular contraction with an ejection 
fraction of 30 percent or less (Fig. 1). Patients with a discrete ventricular aneu- 
rysm were excluded. No patient had coexisting disease, either congenital or 
valvular. 

Two groups of patients were operated on by the same surgical team, using 
the same technique: group I, 23 patients between January 1973 and January 
1975 without balloon assistance, and group II, 25 patients between March 1975 
and March 1976 with balloon assistance. The mean age of the men was 56.4 years 
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in group I and 52 years in group II; the mean age of the women 
was 59.3 years in group I and 61.4 years in group II. Seventy- 
two percent of the patients in group I and 75 percent of those 
in group II had had a previous myocardial infarct. A small 
number of patients were hypertensive: 23 percent in group I, 
15 percent in group II. All patients had evidence of mild to 
moderate cardiac enlargement in chest X-ray films. 

Cardiac catheterization studies included ventriculography 
in the 30? right anterior oblique view and selective coronary 
arteriography in multiple projections. The right coronary 
artery, the left main stem, the left anterior descending artery 
and its first diagonal branch, the circumflex artery and its 
obtuse marginal branch were evaluated. Obstruction greater 
than 70 percent of luminal diameter was considered signifi- 
cant. The average number of vessels involved was 3.75 in group 
I, 3.80 in group II. The left ventricular end-diastolic pressure 
was elevated in all patients (24 + 1.2 mm Hg [mean + stan- 
dard error] in group I, 22 + 1.4 in group II. The ejection frac- 
tion (stroke volume divided by end-diastolic volume) was 
determined by the method of Sandler and Dodge.* The av- 
erage ejection fraction was 24 percent in group I, 25 percent 
in group II (Fig. 1). The difference between the two patient 
groups in each of these variables was not statistically signifi- 
cant (P >0.05). 

Surgical technique: The same surgical technique was used 
in the two groups. The procedure was performed under car- 
diopulmonary bypass with hemodilution perfusion and 
moderate total body hypothermia (esophageal temperature 
28 to 30° C). Mean aortic pressure was maintained during 
perfusion between 80 and 110 mm Hg, either by increasing the 
fluid gradient or flow rates or by administering vasocon- 
strictors. Ventricular fibrillation was induced electrically but 
not allowed to continue for periods longer than 15 minutes. 
A left ventricular vent was placed at the apex in all cases. 
Three long segments of autogenous saphenous vein were an- 
astomosed to the ascending aorta, then side to side or end to 
side to the diseased vessels under anoxic arrest. With this 
technique, as many as six arterial obstructions were bypassed. 
'The anastomoses were performed using continuous 7-0 su- 
tures with the aid of visual magnification. The average number 
of grafts performed was 4.5 in group I, 4 in group II. Postop- 
eratively, the development of myocardial infarction was es- 


FIGURE 1. Coronary arteriograms (upper panels) in the 
left and right anterior oblique projections and left ven- 
triculograms (lower panels) in the right anterior oblique 
projection. The arteriograms show evidence of severe 
obstruction of the left anterior descending coronary artery 
before its first diagonal branch (white arrow), the cir- 
cumflex coronary artery and its obtuse marginal branch 
(left black arrow) and the right coronary artery (right 
black arrow). Bottom, the cine frames taken at end- 
diastole (left) and end-systole (right) reveal a poorly 
contracting left ventricle with a 25 percent ejection 
fraction. 


tablished on the basis of new persistent Q waves in the elec- 
trocardiogram. Mortality was considered “operative” if it 
occurred within 30 days of surgery. 

Intraaortic balloon counterpulsation: Counterpulsation 
was instituted in the second group of patients about 12 hours 
before operation. It was ascertained that the patient had no 
ischemie change in the legs and no evidence of aortic aneurysm 
or aortic valve insufficiency. A central venous catheter, a 
flow-directed Swan-Ganz catheter and a radial arterial can- 
nula were inserted in each patient before initiation of coun- 
terpulsation. The electrocardiogram and radial and pulmo- 
nary arterial pressures were recorded on an Electronics for 
Medicine multichannel recorder. In seven patients, a coronary 
sinus catheter was inserted through the median basilic vein 
for measurement of myocardial lactate extraction after a 
previously described method.? In four patients, a catheter was 
inserted through the aorta into the left ventricle for mea- 
surement of left ventricular pressures and for ventriculog- 
raphy. 

The intraaortic balloon (AVCO Intra-Aortic Balloon 
Pump, model IABP-7) was inserted under local anesthesia so 
that occurrence of pain would be a warning against traumatic 
vascular injury. The balloon catheter was introduced through 
an 8 mm woven Teflon” sleeve anastomosed end to side to the 
common femoral artery after the method of Kantrowitz et al.,® 
and positioned under fluoroscopy into the descending thoracic 
aorta with the tip lying immediately distal to the left subcla- 
vian artery. A 40 ml balloon was generally used, occasionally 
a 20 ml balloon with a smaller diameter catheter when the 
femoral artery was severely atherosclerotic. Counterpulsation 
was synchronized in such a way that inflation occurred exactly 
at the dicrotic notch of the arterial pressure wave form and 
deflation maximally reduced the arterial end-diastolic pres- 
sure. The patient was moved to the operating room with the 
balloon on. Pumping was continued during cardiopulmonary 
bypass, thus producing a pulsatile blood flow. Balloon assis- 
tance was discontinued gradually in the postoperative period, 
usually over a period of 2 to 5 days, on the basis of the hemo- 
dynamic performance of the left ventricle. 

The effects of intraaortic balloon counterpulsation were 
first evaluated preoperatively. Radial and pulmonary arterial 
pressures were recorded before and for 15 minutes after the 


1022 June 1977 The American Journal of CARDIOLOGY Volume 39 





institution of counterpulsation. In four patients, the left 
ventricular pressures, the total pulse and the differentiated 
left ventricular end-diastolic pressure were also recorded and 
ventriculography was carried out with the balloon off and on. 
In seven patients, myocardial lactate extraction was measured 
at rest and after stress tachycardia produced by atrial pacing 
to 140 beats/min for 5 minutes. Two determinations were 
made, one with the balloon off and one, after a 30 minute re- 
covery period, with the balloon on. Intraoperatively, blood 
flow was measured in 12 vein grafts by means of precalibrated 
electromagnetic flow probes. Zero flow was mechanically 
produced by pinching off the graft for 5 seconds. 

. Statistical analyses were performed with the aid of a 
Hewlett-Packard 9100B computer calculator, using mean 
values + standard errors and paired t tests. 


Results 


Operative mortality (Fig. 2): Between January 1973 
and January 1975, aortocoronary bypass surgery was 
performed without balloon assistance in 23 patients 
with poor left ventricular function (ejection fraction 30 
percent or less) (group I). There were eight in-hospital 
deaths (overall mortality rate 34.7 percent). Four of the 
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A. Without IABC B. With IABC 
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FIGURE 2. Operative survival and death from myocardial infarction after 
aortocoronary bypass surgery in patients operated on without and with 
intraaortic balloon counterpulsation (IABC). 
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FIGURE 3. Hemodynamic effects of intraaortic 

balloon counterpulsation (data obtained with the 

balloon off [closed circles] and after it had been x 

on [closed squares] for 15 minutes). The change “ile. 


in mean values + standard error is given in the e" 
text. 
ECG 
AoP 
(mmHg) 
200 
FIGURE 4. Phasic recording of electrocardiogram 180 
(ECG), arterial blood pressure (AoP) and pulmo- 160 
nary arterial pressure (PAP) in a representative 140 


case. The arrow marks the beginning of coun- 
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taken 15 minutes later. The upper arterial tracing ji Py s 
shows the reduction in peak systolic pressure 407-60 
from 130 to 108 mm Hg, the increase in diastolic SOF 60 
pressure to 150 mm Hg and the reduction in end- 20r 40 
diastolic pressure from 70 to 50 mm Hg. The lower 10+ 20 
arterial tracing shows the reduction in end- o- OQ 


diastolic pulmonary arterial pressure from an av- 
erage of 33 to 25 mm Hg. 
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eight deaths were intraoperative (inability to come off 
cardiopulmonary bypass), three were postoperative 
(progressive pump failure) and one was postoperative 
(hemorrhage). Myocardial infarction was diagnosed in 
the three patients who died of heart failure and was 
assumed to have occurred in the four patients who died 
in the operating room (overall incidence rate 30.4 per- 
cent). 

From March 1975 to March 1976, bypass surgery was 
performed in 25 similar patients with the assistance of 
intraaortic balloon counterpulsation (group II). Two of 
the 25 died in the postoperative period, 1 from myo- 
cardial infarction and pump failure, 1 from hemorrhage 
(overall mortality rate 8 percent). The difference in 
mortality between groups I and II was statistically sig- 
nificant (P «0.05) as was the difference in occurrence 
of operative myocardial infarction (P «0.05). 

Factors influencing operative mortality: Various 
factors considered possibly related to operative outcome 
were studied in the two groups. As mentioned, there was 
no significant difference in age, degree of functional 
disability, incidence of previous myocardial infarcts or 
condition of the left ventricle. The similar degree of 
coronary artery disease, as evaluated preoperatively, 
was confirmed intraoperatively, with most patients 
receiving four to five grafts. There was no significant 
difference in the duration of cardiopulmonary bypass 
(150 + 10 minutes [mean + standard error] in group I, 
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FIGURE 6. Myocardial lactate production after pacing-induced tachy- 
cardia in seven cases. Production is less with intraaortic balloon 
counterpulsation (IABC). The mean values are given in the text. 
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FIGURE 5. Representative case. Upper panel, outline of 
two left ventriculograms in the right anterior oblique (ROA) 
| projection. The cine frames were taken at end-diastole, 
HTC with the balloon off (outer tracing) and after 15 minutes 
of counterpulsation (inner tracing). There is a decrease 
in end-diastolic volume from 124 to 116 ml/m?. Lower 
panels, phasic tracings of left ventricular (LVP) and left 
ventricular end-diastolic (LVEDP) pressure. The arrow 
marks the beginning of counterpulsation. Peak systolic 
pressure decreases from 150 to 136 mm Hg and end- 
diastolic pressure from 28 to 20 mm Hg. 
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145 + 5 minutes in group II) or the total duration of 
anoxic cardiac arrest (50 + 5 minutes in group I, 52 + 
3 minutes in group II). Thus, both intervals were quite 
long in both groups, more than 2 hours of bypass and 
more than 45 minutes of global anoxic arrest contrasting 
with the average time of 60 minutes of bypass and 30 
minutes of anoxic arrest for patients requiring bypass 
of only one to two vessels. 

Effects of counterpulsation: The effects of in- 
traaortic balloon counterpulsation in the preoperative 
period were characterized by “unloading” of the left 
ventricle and improved metabolic ability of the myo- 
cardium to tolerate the pacing stress. Thus, the systolic 
arterial blood pressure (an index of left ventricular af- 
terload) decreased from 134.8 + 3.17 to 125.4 + 2.59 mm 
Hg (P <0.05) and the end-diastolic pulmonary arterial 
pressure (an index of left ventricular preload) was re- 
duced from 23.0 + 0.56 to 18.7 + 0.68 mm Hg (P <0.05) 
(Fig. 3 and 4). Ventriculography without and with 
counterpulsation in four patients showed a reduction 
in the end-diastolic volume from 121.6 + 2.6 to 113.8 + 
1.8 ml/m? (P <0.05). Likewise, left ventricular end- 
diastolic pressure decreased from 22.5 + 1.2 to 16.0 + 
1.4 mm Hg (P <0.05) (Fig. 5). Myocardial lactate me- 
tabolism with pacing-induced tachycardia in seven 
patients changed from 0.24 + 0.07 extraction at rest to 
0.94 + 0.01 production after pacing (P <0.001) without 
intraaortic balloon counterpulsation and from 0.10 + 
0.003 extraction at rest to 0.57 + 0.01 production after 
pacing (P <0.001) with counterpulsation (Fig. 6). The 
difference between the lactate production levels oc- 
curring without and with counterpulsation was statis- 
tically significant (P <0.005). 

Blood flow in 12 vein grafts increased intraopera- 
tively with counterpulsation from 82.9 + 7.16 to 102.5 
+ 8.87 ml/min (P <0.005) (Fig. 7). 

Only one balloon-related complication occurred in 
the group of 25 patients. This was the development of 
leg ischemia due to thrombus formation at the site of the 
graft after removal of the balloon. A thrombectomy was 
carried out under local anesthesia and no residual 
damage ensued. 


Discussion 


Prognosis of patients with severe left ventricular 
dysfunction: The natural history of ischemic heart 
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FIGURE 7. Electrocardiogram (ECG) and coronary graft flow tracings in an open chest patient. Mechanical zero flow was produced by transient 
compression of the graft distal to the electromagnetic flow probe. Blood flow was recorded in the phasic, mean and again in the phasic mode. Intraaortic 
balloon counterpulsation was instituted at the arrow. Mean flow increased with counterpulsation from 80 to 95 ml/min. 


disease with severe global impairment of left ventricular 
function is one of progressive deterioration. Patients 
with such disease characteristically respond poorly to 
the usual therapeutic measures, become cardiac invalids 
and die within a short time.7-!? Because of this, a sur- 
gical approach has been attempted for the purpose of 
increasing circulation to the still viable myocardium, 
sustaining function and prolonging life. Clinical expe- 
rience has shown that this goal is attainable, although 
at the cost of a high operative mortality rate. Mundth 
et al.!! first reported symptomatic improvement with 
aortocoronary bypass in 40 such patients with an op- 
erative mortality rate of 15 percent. Spencer et al.!? also 
reported improvement in a group of 40 patients but at 
the cost of a 37 percent operative mortality rate. Kay? 


reported on 144 patients with a left ventricular ejection 


fraction between 0.10 and 0.20 who underwent aorto- 


. coronary bypass between 1969 and 1974. The operative 


mortality rate was 28 percent, but 65 percent of the 
patients were alive at the end of 40 months, in contrast 
to 30 percent of 86 similar patients treated medically. 
Yatteau et al? found that of 42 patients managed 
medically, 31 percent were dead at the end of 1 year 
compared with 50 percent of 24 patients who underwent 
aortocoronary bypass; however, 83 percent of the deaths 
in the latter group were “operative,” occurring within 
the first 2 weeks of surgery. Thus, it appears that if 
operative deaths decreased, the results of surgery would 
be significantly better than those of medical manage- 
ment. 

Protection of myocardium during surgical re- 
vascularization: Myocardial injury may occur at var- 
ious stages of bypass surgery.!?-!9 The induction of 
general anesthesia, the thoracotomy and all surgical 
steps preliminary to the institution of cardiopulmonary 
bypass constitute a “vulnerable” period, as demon- 
strated by the high incidence rate of significant eleva- 
tion of plasma creatine kinase and lactic dehydrogenase 
myocardial isoenzymes.!" Also a significant correlation 
has been found between the occurrence of myocardial 
infarction and the duration of cardiopulmonary by- 
pass.!? 'The period of anoxic arrest, for each coronary 
graft anastomosis and in sum, is obviously an important 
factor of myocardial injury. In one study,!? the incidence 
of acute myocardial infarction during coronary bypass 
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surgery increased from 4 percent in patients with an 
anoxic arrest of less than 40 minutes to 62 percent in 
patients with a period of arrest exceeding 60 minutes. 
The discontinuance of bypass represents a very critical 
period, inasmuch as the ventricle, which might have 
suffered considerable damage during the preceding - 
periods, is suddenly called upon to produce a cardiac — 
output equal to, or even greater than, preoperative 
output. The administration of catecholamines at this 
point might not add much to cardiac function, because 
marked sympathetic overactivity is already present.!9 — 
On the contrary, excessive adrenergic stimulation might 
cause further injury by a variety of mechanisms.?? Fi- - 
nally, significant depression of left ventricular function _ 
is common for several hours after all types of cardiac © 
surgery,?! bringing about a vicious cycle of low cardiac 
output and deficit of myocardial perfusion. These 
studies indicate that protection of the myocardium for — 
coronary revascularization ought to start before and be ~ 
carried out during and after surgical intervention for an — 
adequate time. We believe that the preoperative insti- — 
tution of intraaortic balloon counterpulsation consti- 
tutes the best way to achieve such protection. 
Protective effects of balloon counterpulsation: 
Theoretically, counterpulsation is the only intervention: 
capable of simultaneously increasing myocardial oxygen 
supply and reducing demand.?? Moulopoulos et al.?? 
indicated that balloon inflation during diastole would - 
increase coronary perfusion pressure and improve blood 
flow, whereas rapid deflation of the balloon immediately 
before systole would decrease impedance to left ven- - 
tricular ejection and reduce the work load of the ven- 
tricle. These effects have been confirmed by numerous 
observations in the experimental animal as well as in 
man.?4-30 [n the present study, an “unloading” effect 
on the left ventricle was suggested by the reduction in 
systolic systemic and end-diastolic pulmonary arterial 
pressure and demonstrated by the reduction in left 
ventricular end-diastolic volume and pressure. Meta- 
bolic improvement was indicated by the lesser degree 
of myocardial lactate production following the pacing 
stress. An increase in coronary blood flow was evidenced 
by the increase in vein graft flow. We speculate that 
these effects were cumulatively beneficial and of suffi- 
cient magnitude to influence the course of events, as 
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shown by the decreased incidence of perioperative in- 
farction and the decreased operative mortality. 
Possible limitations of study: Retrospective studies 
have severe limitations, because it is difficult to have 
two groups of patients similar in all variables but the one 
under study. Furthermore, because the present study 
compared two groups of patients from two different 
time periods, the evolution of surgical techniques alone 
might have accounted for an improvement in survival. 
Such evolution has been reported by others.! Never- 
theless, this study began after operative management 
of coronary artery disease had been well developed at 
our institution and the operative mortality of coronary 
revascularization had already reached a plateau. Thus, 
the mortality rate of three-vessel aortocoronary bypass 
for patients with good ventricular function was reduced 
from 13 percent in 1969 to 4.5 percent in 1972 and has 
not changed significantly over the ensuing years. This 
study considers patients who were operated on in 1974 
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and 1975, consecutive years during which no significant 
improvement in survival occurred in other groups of 
patients in whom balloon counterpulsation was not 
used. The patients operated on during these 2 years 
were not dissimilar in any important variable. Thus, we 
have gained the impression that the preoperative in- 
stitution of intraaortic balloon counterpulsation and 
perioperative balloon assistance has produced a genuine 
and significant improvement in survival among patients 
treated surgically. 

Implications: Our results suggest that the operative 
mortality of aortocoronary bypass surgery in patients 
with poor left ventricular function can be significantly 
reduced (from 35 to 8 percent) by the perioperative 
application of intraaortic balloon counterpulsation. This 
improvement in survival is bound to affect the inter- 
mediate term results of surgery and give perhaps new 
hope to patients with otherwise intractable ischemic 
heart disease. 
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The effects of intravenously administered disopyramide phosphate were 
evaluated in seven patients with refractory ventricular tachycardia. All 
patients had organic heart disease, including acute infarction (three pa- 
tients), chronic coronary artery disease (two patients) and cardiomy- 
opathy (two patients). The severity of the heart disease was reflected in 
the advanced patient age (average 64 years) and the occurrence before 
disopyramide therapy of cardiac arrest in five patients and congestive 
heart failure in all seven patients. In five patients, disopyramide was given 
as a bolus injection, 2 mg/kg body weight, followed by an infusion of 20 © 
to 40 mg/hour. The final two patients received 4 mg/kg divided as a bolus 
injection and an infusion over 1 hour followed by a 0.4 mg/kg infusion 
during the next hour. Intravenous administration of disopyramide resulted 
in more effective electrical stability in all patients and completely elimi- 
nated ventricular tachycardia in six. Recurrence of ventricular tachycardia | 
was prevented in six patients with subsequent long-term oral adminis- | 
tration of disopyramide. Possible dose-related cardiac pump depression 
occurred in two patients, but disopyramide was otherwise well tolerated. 
Therefore, these data document the therapeutic efficacy of disopyramide - 
in the treatment of refractory life-threatening ventricular tachyarrhyth- 
mias. 


Recent advances in cardiac monitoring have emphasized the widespread 
occurrence of ventricular arrhythmias.'? Although they may occur in 
the absence of organic heart disease, it is established that potentially 
lethal arrhythmias are common after acute myocardial infarction or with 
stable coronary artery disease.?-9 Further, an increased prevalence of 
these ectopic rhythms is also reported with mitral valve prolapse? and 
idiopathic hypertrophic subaortic stenosis.? Although development of 
the coronary care unit concept in the past decade has significantly re- 
duced in-hospital mortality from primary cardiac arrhythmias, the 
limitations of currently available antiarrhythmic therapy are well rec- 
ognized.? Not only is the use of these agents limited by relatively frequent 
adverse effects, but also hazardous ventricular ectopic beats may prove 
refractory to all forms of available therapy.!? 'The present study reports 
the efficacy of a new antiarrhythmic agent, disopyramide phosphate, 
for the treatment of refractory life-threatening ventricular tachyar- 
rhythmias. 


Methods and Materials 


Patients : The seven patients constituting this study, all men, were initially 
considered for entry into an ongoing antiarrhythmic efficacy trial comparing 
disopyramide phosphate (G. D. Searle and Company, Chicago, Illinois) and 
placebo administered intravenously in a double-blind manner. However, all seven 
were purposely excluded from this designed efficacy protocol because of the 
clinical urgency and critical nature of their potentially lethal cardiac arrhythmias. 
Thus each patient presented with persistent refractory ventricular tachycardia 
or ventricular fibrillation, or both, unresponsive to currently available medical 
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TABLE I 
Administration and Responses to Disopyramide (DP) and Other Antiarrhythmic Agents in Seven Cases 



































Arrhythmia IV 
Before Bolus IV Adverse 
DP Therapy Therapy Dose Dose Infusion Oral Response Drug Effect 
Case 1 
t 450 mg divided in 40 min t mE Xx psa A 2 
L 4 mg/min for € hr Ji * A PVCs 5/min Dizziness 
VT Nausea 
Q 350 mg/6 hr for 2 days NE tum + VF 
PR 750 mg divided in 1 hr + a SAP 
PVCs 5/min PR 6 mg/min for 9 hr fa SY- + "m 
15 cardiac arrests PR 500 m9/4 hr for 3 days bes Bw * 
(VT/VF) 
P 15 mg/6 hr for 2 days Ex n + y) 
DP 130 mg/1 min * 27. "MI. q None 
DP 35 mg/hr for 2hr “aes + hee er PVCs 20/hr BAS 
DP 150 mg/6 hr for 3 days Lass Ed * Md 
Case 2 
PVCs 5/min L 500 mg divided in 1 hr * is ous — None 
VT a 5 mg/min for 2 hr Mae * Mos PVCs 5/min , 
VT 
VF Q 400 mg/6 hr for 7.5 days (y dt ae + VF 
P 6 mg divided in 2 hr + cta 24" | 
Eu os D 600 mg divided in 8 hr * ms 
DP 154 mg/5 min + ES We + —4 None 
DP 40 mg/hr for 2 hr ^ * sald PVCs 15/hr None 
DP 250 mg/6 hr for 2 days ay hii + PVCs 5/min Congestive 
heart 
| failure 
DP 100 mg/6 hr chronically aes 2. + None 
Case 3 
PVCs 5/min L 300 mg divided in 45 min + $ qea None 
5 cardiac arrests L 6 mg/min for 5hr Z^ * PVCs 5/min 
(VT/VF) PR 500 mg divided in 45 min B eol VT 
PR 4 mg/min for 3 hr 4 UE * En VF 
Q 300 mqg/6 hr for 2 days MS x ast + NERE AT 
DP 170 mg/8 min + ss Ta — None 
DP 170 mg/52 min for 52 min Sw * ee PVC 1/2 hr A 
DP 30 mg/hr for 1 hr * t + Jed — - 
DP 200 mg/6 hr chronically Li m + PVCs 75/24 hr 
Case 4 
?VCs 5/min L 600 mg divided in 30 min * Lies Ars — Nausea 
25 cardiac arrests L 7 mg/min for 4.5 hr ip,” 4 r2 PVCs 5/min y e 
(VT/VF) PR 1200 mg divided in 2 hr + ` As y». VT None 
PR 10 mg/min for 6 hr d + doe VF ENA 
Q 400 mg/6 ħr for 2 days pees qus + 
D 500 mg divided in 2 hr + 
P 12 mg divided in 1 hr + LA 
KCL 6 mEgq/hr for 1 hr " * Ir Wes 
DP 170 mg/8 min * wp ar — None 
DP 170 mg/52 min for 52 min T * A PVCs 5/min 5 hg 
DP 40 mg/hr for 1 hr "V * aT, VT (4—6 beats) 
DP 200 mg/6 hr for 9 hr A^. Lens * PVCs 5/min 
Case 5 
VCs 15/min Q 400 mg/6 hr for 18 days MD T. + None 
.O cardiac arrests L . 400 mg divided in 25 min + Pd "61 m 
(VT/VF) L 5 mg/min for 12 hr Pis * he PVCs 10/min 
PR 1000 mg divided in 1 hr + A SAk VT 
PR 6 mg/min for 11 hr x * TU VF 
KCL 5 meq/hr for 1 hr DA B ; Ut 
P 4 mg divided in 30 min * į bi AS ey 
DP 150 mg/5 min + rd AUT PVCs 2/min Possible 
: cardiac 
pump 
depression 
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| DISOPYRAMIDE PHOSPHATE FOR VENTRICULAR ARRHYTHMIA—VISMARA ET AL. 
TABLE | (cont'd) 
Arrhythmia IV 
Before Bolus IV Adverse 
DP Therapy Therapy Dose Dose Infusion Oral Response Drug Effect 
Case 6 
PVCs 5/min PR 500 mg/6 hr for 3 mo + . | Lupus 
| syndrome 
Q 400 mg/6 hr for 6 days + PVCs 5/min Severe 
diarrhea 
. PVCs 10/min P 40 mg/6 hr for 25 days vu * — Nausea 
VT L 300 mg divided in 20 min + Mw ry VT Dizziness 
DP 170 mg/5 min + Fat Wee ep None 
DP 35 mg/hr for 2 hr AES * US PVCs 1/min 
DP 300 mg/6 hr chronically Bee + —— 
Case 7 
L 500 mg divided in 1 hr + ote x None 
L 4 mg/min for 6 hr Pe. + A 
PR 500 mg divided in 1 hr + ane gi 
PVCs 10/min PR 500 mg/4 hr for 4 days aS s + PVCs 5/min 
VT D 400 mg divided in 4 hr + 6 hih VT 
Q 400 mg/6 hr for 2 days pf FA + —— ake 
DP 172 mg/5 min + sits fh àd ——À None 
DP 35 mg/hr for 2 hr S A + PVCs 1/hr 
DP 200 mg/6 hr chronically 153 + 





D = diphenylhydantoin; IV = intravenous; KCI = potassium chloride; L = lidocaine; P = propranolol; PR = procainamide; PVCs = premature 
ventricular contractions; Q = quinidine; VF = ventricular fibrillation; VT = ventricular tachycardia. 


and electrical management; therefore, immediate adminis- 
tration of intravenous disopyramide phosphate therapy was 
instituted on an emergency basis. Organic heart disease, 
present in all patients, included chronic coronary artery dis- 
ease (two patients), acute myocardial infarction (three pa- 
tients) and congestive cardiomyopathy (two patients). 

All seven patients were hospitalized during a consecutive 
period within the 6 months preceding this report. They rep- 
resent our total experience with the intravenous administra- 
tion of disopyramide phosphate in the critical clinical setting 
of persistent refractory ventricular tachycardia or ventricular 
fibrillation, or both, unresponsive otherwise to the vigorous 
application of conventional medical treatment. Therapeutic 
failure of the standard antiarrhythmic medications was de- 
fined as follows: persistence of ventricular tachycardia or 
ventricular fibrillation despite (1) maximal doses of each of 
these antiarrhythmic agents, or (2) highest therapeutic serum 
concentrations of these agents; or.(3) the development of 
idiosyncratic or dose-related adverse effects. Further, in all 
patients these standard agents were unsuccessfully used in 
multiple appropriate combinations before administration of 
disopyramide. Metabolic and electrolyte abnormalities and 
drug toxicity, including digitalis toxicity, were excluded as 
causes of ventricular arrhythmias in all patients. 

Protocol: All patients were evaluated in the coronary care 
unit, and the ventricular origin of these refractory tachyar- 
rhythmias was documented with standard electrocardio- 
graphic criteria utilizing continuously recording electrocar- 
diographic systems (Hewlett-Packard 7800 series or American 
Optical trendscriber model 7030). Further, the response to 
intravenous administration of disopyramide phosphate was 
also quantified by the real-time analysis of continuous elec- 
trocardiographic recordings (Avionics Electrocardiocorder 
model 445 or the American Optical Trendscriber) which were 
obtained for at least 4 hours after infusion of disopyramide 
phosphate. 
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Informed consent for intravenous administration of diso- 
pyramide phosphate was obtained voluntarily from all pa- 
tients. In five patients a rapid intravenous bolus injection of 
2 mg/kg body weight was given, on the average, over ap- 
proximately 5 minutes, followed by a constant intravenous 
infusion of 20 to 40 mg/hour. In one of the five (Case 1), who 
had sustained ventricular tachyarrhythmia at the onset of the 
study, the initial loading dose was given as a rapid bolus in- 
jection within 1 minute. Because the most recent phar- 
macokinetic data available concerning disopyramide!! indi- 
cated that even larger loading doses are usually required to 
achieve sustained serum therapeutic concentrations (2 to 4 
ug/ml), the final two patients (Cases 3 and 4) received a 
modified intravenous regimen sequentially: 2 mg/kg bolus 
injection over 8 minutes, 2 mg/kg over 52 minutes and 0.4 
mg/kg over the second hour. 


Results 
Chronic Coronary Artery Disease 


Case 1: A 69 year old man was hospitalized for increasing 
angina and congestive heart failure that developed 7 weeks 
after an uncomplicated acute anterior infarction. Despite 
symptomatic improvement and absence of further myocardial 
necrosis after hospitalization, he had 15 primary cardiac ar- 
rests (ventricular tachycardia or ventricular fibrillation) re- 
quiring resuscitation concurrent with maximal standard an- 
tiarrhythmic therapy (Table I). Emergency cardiac cathe- 
terization indicated a left ventricular end-diastolic pressure 
of 18 mm Hg, a cardiac index of 1.7 liters/min per/m?, a dilated 
left ventricle with a large anteroapical aneurysm and severe 
proximal three vessel coronary arterial obstruction. Subse- 
quently, during ventricular tachycardia, a 130 mg intravenous 
bolus injection of disopyramide resulted in conversion to sinus 
rhythm (Fig. 1), which was maintained with intravenous 
infusion of disopyramide, 35 mg/hour for 2 hours, and oral 
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IGURE 4. Case 1 Elécttodardiograóhic monitoring records demon- 
trating conversion from ventricular tachycardia to sustained sinus 


thm after intravenous bolus injection of disopyramide phosphate (130 
1g). Strips A and B are continuous as are strips C through F. 


idministration of disopyramide, 150 mg every 6 hours. Despite 
evere left ventricular dysfunction the patient tolerated di- 
opyramide well. After 3 days of oral administration of diso- 
»yramide without recurrent venticular tachycardia (contin- 
ious electrocardiographic monitoring revealed only unifocal 
yremature ventricular contractions, average 20/hour), the 
atient underwent left ventricular aneurysmectomy with 
aphenous vein bypass graft to the left circumflex artery. 
"ostoperatively there were no serious ventricular arrhythmias 
ind he was discharged without antiarrhythmic therapy. 


Case 2:A 54 year old man was hospitalized for recurrent 
ntractable ventricular tachycardia. His complex medical 
tistory included (1) saphenous vein bypass to the right coro- 
lary artery because of two vessel coronary disease 3 years 
'reviously with postoperative inferior vena caval ligation for 
ecurrent pulmonary emboli; (2) mitral and tricuspid valve 
eplacements for biventricular failure 2 years previously; (3) 
ecurrent ventricular tachycardia for 2 years requiring mul- 
iple hospitalizations and electrical conversion. In addition 
o medical therapy, prior unsuccessful efforts to control 
entricular tachycardia included permanent endocardial 
acemaker for overdrive suppression and bilateral cervical 
ympathectomy. During the current hospitalization cardiac 
atheterization revealed normal functioning prosthetic valves, 
1arked left ventricular dysfunction (left ventricular end- 
iastolic pressure 25 mm Hg, cardiac index 2.1 liters/min per 
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FIGURE 2. Case 2. Simultaneous recordings of intraatrial (IA) and 

precordial (lead V5) electrocardiograms. A, demonstrating atrioven- 

tricular dissociation indicative of ventricular tachycardia immediately | 
before administration of disopyramide (154 mg). B, subsequent con- 

version to regular rhythm with ventricular capture by temporary endo- 

cardial pacemaker. A and B are not continuous; B was recorded during 

termination of the intravenous disopyramide injection. 


m?), a large anteroapical aneurysm (left ventricular ejection 
fraction 20 percent). The bypass graft was thrombosed with 
100 percent obstruction of the native right coronary artery and 
diffuse disease of the left anterior descending coronary artery. 
Because of intractable ventricular tachycardia (Table I), di- 
sopyramide was administered: 154 mg bolus injection over 5 
minutes (Fig. 2) followed by a constant infusion (40 mg/hour) 
over 2 hours. This regimen was well tolerated and abolished 
the ventricular tachycardia with only 30 unifocal premature 
ventricular contractions detected during the 2 hours. Subse- 
quently, although oral administration of disopyramide, 250 
mg every 6 hours, effectively suppressed ventricular tachy- 
arrhythmias, this medication was reduced to 100 mg because 
of progressive congestive symptoms. The patient was dis- 
charged receiving this dosage with satisfactory control of se- 
rious ventricular tachyarrhythmias. 


Acute Myocardial Infarction 


Case 3: A 75 year old man was hospitalized with an acute 
inferior myocardial infarction complicated on the 5th hospital 
day by primary ventricular fibrillation. After resuscitation 
there was no neurologic or further cardiac damage but he 
continued to have frequent premature ventricular contrac- 
tions with another four episodes of ventricular tachycardia 
or ventricular fibrillation, or both, requiring electrical defi- 
brillation despite use of standard antiarrhythmic agents 
(Table I). Intravenous infusion of disopyramide was then 
administered as follows: 170 mg in 8 minutes, 170 mg in 52 
minutes and 30 mg/hour for 1 hour. During the 2 hour evalu- 
ation of disopyramide therapy, only one premature ventricular 
contraction occurred. This therapeutic efficacy was continued 
with oral administration of disopyramide (200 mg every 6 
hours) with only 75 unifocal premature ventricular contrac- 
tions detected with serial 24 hour Holter monitoring. Oral and 
intravenous administration of disopyramide was well toler- 
ated. 

Case 4: A 64 year old man was hospitalized with an acute 
anterior myocardial infarction that was complicated on the 
10th day by recurrent intractable ventricular tachycardia and 
ventricular fibrillation despite standard antiarrhythmic 
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FIGURE 3. Case 4. Continuous OE SR EAEN monitoring records during injection of donjem (DP) (begun at the arrow cil continued for 
8 minutes) followed by large dose intravenous infusion of disopyramide (170 mg/52 min) (begun at the closed circle). Administration of disopyramide 


resulted in marked electrical stability. 


therapy (Table I) and pacemaker overdrive suppression. 
Cardiac catheterization revealed 90 percent diffuse stenosis 
of all major coronary arteries, a large left ventricular an- 
teroapical aneurysm and depressed left ventricular hemody- 
namics (left ventricular end-diastolic pressure 22 mm Hg, 
cardiac index 2.2 liters/min per m?). Emergency aneurys- 
mectomy was also ineffective in controlling ventricular 
tachycardia and ventricular fibrillation, and 25 electrical 
shocks were required within a 10 hour postoperative period. 
Thus intravenous disopyramide was administered: 170 mg 
bolus injection over 8 minutes and 170 mg infusion over the 
next 52 minutes with dramatic termination of potentially le- 
thal arrhythmias (Fig. 3). In the next hour 40 mg of disopy- 
ramide was infused intravenously and paroxysmal short runs 
(four to six beats) of ventricular tachycardia recurred. How- 
ever, oral administration of disopyramide, 200 mg every 6 
hours, satisfactorily prevented ventricular tachycardia or 
ventricular fibrillation for 9 hours. Subsequently, the patient 
died from staphylococcal septicemia and bilateral pseudo- 
monas pneumonia. 

Case 5: A 61 year old man with diabetes requiring insulin 
and a remote inferior myocardial infarction was hospitalized 
for acute anterior infarction. In the first hour intractable 
ventricular tachyarrhythmias developed despite adminis- 
tration of standard antiarrhythmic agents (Table I) and he 
required resuscitation from 10 cardiac arrests in the ensuing 
24 hours. During this period the following maximal serum drug 
levels were noted: quinidine 6.8 ug/ml, procainamide 8.5 ug/ml 
and lidocaine 5.9 ug/ml. Subsequently an intravenous bolus 
injection of 150 mg of disopyramide was given after electrical 
countershock for an episode of sustained ventricular tachy- 
cardia that was subsequently abolished (Fig. 4). The satis- 
factory therapeutic response to disopyramide persisted for 
the next 45 minutes with only occasional (average 2/min) 
unifocal premature ventricular contractions. However, pro- 
gressive hypotension developed that became refractory to 
therapy and resuscitative measures. Death occurred 3 hours 
later from intractable cardiogenic shock. Postmortem exam- 
ination revealed a healed inferior infarction with acute ne- 
crosis of more than 50 percent of the left ventricular anterior 
wall. There was complete obstruction of both the left anterior 
descending vessel and a dominant right coronary artery. 
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Congestive Cardiomyopathy 


Case 6: A 49 year old man was hospitalized for treatment 
of asymptomatic paroxysmal ventricular tachycardia detected - 
during examination in the cardiac outpatient clinic. Three 
years previously he had congestive heart failure from an id- 
iopathic cardiomyopathy that responded to medical therapy. 











"T LIDOCAINE 5 















Eas ek : m ZEE 
CRT Apt ta et GIL RENI AHT RE ERIS 
BEDA cba AJ Fai A AAA 
A vo ERAAN AA AANA 
AA AA i AFSESTEUHENCREHEAEE 
Bie LICET 
A — : EHE FEEPEHEEUDEESLEEE 





HEZEPEE ZER AINE 
INAN 
AN VVA 
VEEY VY FETA 
FEE T-TTA IEEE 


Sana 


"m AN 


LLRAILLAA JJ i 
BEE rrr rM. 


Pee | ETE E Ep ERE 
ptt pt ptt ERRER 


FIGURE 4. Case 5. Conibos ai monitoring record | 
(A and B) demonstrating persistent ventricular tachycardia despite — 
administration of lidocaine, 100 mg intravenously, and requiring elec- 
trical countershock (CS). Recordings C through E, obtained several 
hours later, indicate the salutary response to intravenous administration 
of disopyramide, 150 mg, part of which was given during record C. D 
and E are continuous. 
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FIGURE 5 5. Geis 6. o as e YR Naas records. 
A and B show frequent premature ventricular contractions and parox- 
ysmal ventricular tachycardia 45 minutes after the final dose of lido- 
caine, 300 mg intravenously. In C and D (recordings not continuous), 
disopyramide, 170 mg intravenous bolus injection (given 45 minutes 
after lidocaine), promptly terminates ventricular tachycardia and 
markedly diminishes the frequency of premature ventricular contrac- 
tions (E through G recorded continuously). 


Subsequently, frequent multifocal premature ventricular 
contractions were unresponsive to orally administered pro- 
cainamide, which was discontinued because of skin rash and 
arthritis. Diphenylhydantoin was also ineffective and quini- 
dine was proscribed because of severe diarrhea. At the time 
of the current hospitalization he was receiving propranolol, 
40 mg every 6 hours, the last dose 3 hours before admission. 
Paroxysmal ventricular tachycardia persisted after a total of 
300 mg lidocaine was administered over 20 minutes as three 
injections of a 100 mg intravenous bolus dose; dizziness was 
induced by the last dose. Thus, 45 minutes after the last dose 
of lidocaine, disopyramide was administered intravenously: 
a 170 mg bolus dose over 5 minutes and then infusion, 35 
mg/hour, for 2 hours (Fig. 5). Intravenously administered 
disopyramide demonstrated marked antiarrhythmic efficacy 
with only an occasional unifocal premature ventricular con- 


traction (average 1/min) without ventricular tachycardia.. 


Further, this therapeutic response was extended by oral ad- 
ministration of disopyramide, 300 mg every 6 hours. Subse- 
quent cardiac catheterization confirmed the diagnosis of 
cardiomyopathy with diffuse left ventricular hypokinesia (left 
ventricular end-diastolic pressure 12 mm Hg, cardiac index 
3.2 liters/min per m?) without valve dysfunctiun or coronary 
artery disease. 


Case 7: A 78 year old man was hospitalized for congestive 
heart failure with pulmonary edema. Despite the resolution 
of heart failure with medical therapy, he manifested frequent 
multifocal premature ventricular contractions and 10 episodes 
of paroxysmal ventricular tachycardia concurrent with stan- 
dard antiarrhythmic therapy (Table I). During these ar- 
rhythmias serum drug levels included: digoxin 1.2 ng/ml, 
quinidine 5.1 ug/ml and procainamide 6.2 ug/ml. After this 
ineffective antiarrhythmic regimen disopyramide was ad- 
ministered: a 172 mg bolus dose intravenously over 5 minutes 
with 35 mg/hour infused intravenously for the next 2 hours 
and then 200 mg orally every 6 hours on a long-term basis. 
With both oral and intravenous administration of disopy- 
ramide, which was well tolerated, continuous electrocardio- 
graphic monitoring detected only a rare unifocal premature 
ventricular contraction (average 1/hour) and established that 
ventricular tachycardia was completely abolished with this 
antiarrhythmic agent. 


Discussion 


Our data emphasize the potential therapeutic efficacy - 
of disopyramide phosphate for the treatment of ven- 
tricular arrhythmias. Although previous studies!?.1? 
have noted the efficacy of oral administration of this 
agent in suppressing ventricular ectopy, the present 
study is unique in its evaluation of intravenous ad- 
ministration of the drug in patients with life-threaten- 
ing ventricular tachyarrhythmias unresponsive to ex- 
tensive standard medical antiarrhythmic therapy. Thus, 
the prompt and effective response observed not only 
indicates an important new therapeutic use for diso- - 
pyramide phosphate but also suggests that it may pro- 
vide an additional and distinctive mechanism of an- 
tiarrhythmic action for patients with refractory ven- 
tricular tachycardia. 

Previous studies on antiarrhythmic effects of 
disopyramide: Disopyramide is a butyramide-type. 
compound whose chemical structure differs from that 
of other antiarrhythmic agents.!^ Initial animal stud- 
ies? established its antiarrhythmic properties and also 
indicated that its efficacy potentially exceeded that of 
standard antiarrhythmic agents.!? In anesthetized 
dogs! disopyramide phosphate in similar oral or in- 
travenous doses was two to three times more active than 
quinidine and four to five times more potent than pro- 
cainamide in suppressing electrically or aconitine- 
induced atrial tachyarrhythmias. The same results were 
also demonstrated in suppression of experimental 
ventricular ectopic beats induced in dogs by ouabain 
toxicity, catecholamine stimulation or myocardial 
Ischemia.15.16 

The antiarrhythmic efficacy of disopyramide in man 
has also been established.!7-!? Evaluation with serial 10 
hour portable electrocardiographic monitoring during 
a 16 week study with oral disopyramide and placebo 
administration indicated not only a marked reduction 
with disopyramide therapy in cardiac ectopy in 59 
percent of patients, but also a reduction in the preva- 
lence of complicated ventricular ectopic beats (5 or 
more/min, multifocal, paired, R on T phenomenon) and 
ventricular tachycardia (58 and 7 percent of patients, 
respectively).! In a study of 64 patients with organic 
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heart disease Mizgala and Huvelle!? noted that intra- 
venous infusion of disopyramide in doses of 2 mg/kg 
abolished premature ventricular contractions in 24 of 
28 and ventricular tachycardia in 9 of 10 patients. More 
recent clinical investigations!*:1? have shown the pro- 
phylactic benefit of orally administered disopyramide 
in suppressing ventricular ectopy after acute myocardial 
infarction. In a randomized double-blind trial!? diso- 
pyramide therapy resulted in significant reduction in 
complicated premature ventricular contractions (13 
percent of patients) and ventricular tachycardia (5 
percent of patients) in comparison (P <0.05) with the 
placebo-treated group (complicated premature ven- 
tricular contractions 33 percent of patients and ven- 
tricular tachycardia 26 percent of patients). 

Electrophysiologic properties of disopyramide: 
'The results of electrophysiologic studies both in man 
and in animal preparations suggest that disopyramide 
is best classified as a type I antiarrhythmic agent be- 
cause its actions include: (1) decreased rate of phase 4 
depolarization; (2) diminished myocardial conduction 
velocity; and (3) prolonged effective and functional 
refractory periods in the atria, atrioventricular node and 
ventricles.2°.?! Thus, these multiple actions on the 
myocardial ionic current indicate potential mechanisms 
for the suppression of tachyarrhythmias due to either 
reentry or enhanced automaticity. In this regard, the 
electrophysiologic effects of disopyramide are similar 
to those of quinidine.?? Further, disopyramide and 
quinidine share other properties, including an anti- 
cholinergic action and absence of beta-receptor block- 
ade and neuromuscular and ganglionic inhibition.!516 
However, disopyramide potentially possesses additional 
antiarrhythmic properties, which may explain its effi- 
cacy of abolishing ventricular tachycardia refractory to 
quinidine therapy in our study. 

Recent investigations by Naylor?? suggest that di- 
sopyramide may act on the myocardial cell membrane 
to inhibit partially the transcellular calcium influx 
normally occurring during phase 2 of the action poten- 
tial. Another important possible mechanism of action 
is suggested by the local anesthetic activity of disopy- 
ramide, the potency of which approaches that of lido- 
caine.?? Thus, despite the current classification of di- 
sopyramide as a type I antiarrhythmic agent, further 
electrophysiologic evaluation of disopyramide is needed 
because our study has established that this agent can 
suppress life-threatening ventricular tachyarrhythmias 
refractory to all currently available antiarrhythmic 
drugs. 

Clinical effects: Another potential explanation for 
the salutary effects of disopyramide is that its antiar- 
rhythmic properties were additive to the effects of the 
standard agents previously administered. Because of 
the potentially lethal clinical circumstances, sufficient 
delay to enable elimination of other agents was not 
possible. Nevertheless, it is emphasized that recurrent 
ventricular tachycardia, which was present for days to 
weeks in all patients, had previously been refractory to 
maximal doses of combinations of the standard an- 


tiarrhythmic agents. Further, ventricular tachycardia | 
was promptly terminated within minutes after the ini- 
tial intravenous disopyramide bolus injection in all 
patients. Moreover, sustained suppression of ventricular 
tachycardia was achieved in four patients using long- 
term oral disopyramide administration as the sole an- 
tiarrhythmic measure, thereby providing additional 
evidence that disopyramide has potent unique actions 
in the sustained abolition of life-threatening ventricular 
ectopy. 

Potential adverse effects: Although our study and 
previous investigations!?!%25-27 suggest that disopy- - 
ramide possesses a favorable ratio between therapeutic | 
efficacy and serious toxic manifestations, its potentially | 
adverse effects merit careful consideration. This agent - 
can depress myocardial contractile force and pump - 
performance. In recent study?" of 15 patients with. 
chronic coronary artery disease undergoing left heart 
catheterization, bolus infusion of disopyramide, 2 
mg/kg, resulted in a 13 percent elevation of left ven- | 
tricular end-diastolic pressure and a 12 percent reduc- 
tion in cardiac index. These hemodynamic alterations 
were most pronounced 5 to 10 minutes after diso- 
pryamide but returned to essentially control levels 
within 30 minutes. Similarly, Willis? reported transient 
decreases of 18 percent in cardiac output and of 6 to 12 
percent in left ventricular rate of pressure rise after 
disopyramide. Thus disopyramide must be utilized — 
cautiously in patients with depressed ventricular ac- 
tivity. 

Nevertheless, intravenous disopyramide was well 
tolerated in our seven patients, all of whom had con- 
gestive heart failure. Although possible cardiac de- 
pression by the agent could not be excluded with cer- 
tainty in Patient 5 with acute myocardial infarction, it 
is likely that this patient's death was due to extensive 
myocardial necrosis. In addition, orally administered 
disopyramide was well tolerated in the four patients 
who received this agent for long-term suppression of - 
arrhythmias. Before this agent was administered, all 
four of these men had congestive heart failure and two 
also had myocardial infarction. In one patient with ex- 
tensive coronary heart disease and severely abnormal 
left ventricular dysfunction (Case 2), it was necessary 
to reduce the long-term dose of disopyramide because 
of probable worsening of pump function by the agent. 
Therefore, although disopyramide has a potentially 
negative inotropic effect, it appears that neither prior 
cardiac decompensation nor myocardial infarction is an — 
absolute contraindication to its administration. 

The other side effects of disopyramide are primarily 
related to its anticholinergic effects. Thus, nausea, 
vomiting, retention of urine and blurred vision have 
occasionally been reported. Dryness of the eyes and 
mouth is frequent but mild in degree and readily tol- - 
erated; in our seven patients this side effect occurred 
transiently and subsided within 1 to 2 hours after 
completion of the drug infusion. The other anticholin- 
ergic actions were not observed. Although the precise 
incidence of side effects with disopyramide is currently 
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undergoing evaluation, a recent comparative study!® 
reported that toxic reactions were both less severe and 
less frequent with disopyramide (9.6 percent) than with 
quinidine (35.5 percent). Disopyramide has fewer ad- 
verse effects on atrioventricular (A-V) conduction than 
quinidine,?? and no increase in severity of preexisting 
A-V block has been observed.?? 

The therapeutic plasma range of disopyramide is 2 
to 4 ug/ml.!? After intravenous administration, the drug 
is rapidly distributed from the blood with a half-time 
of 3 to 5 minutes and then eliminated from the body 
tissues with a half-time of 5 to 6 hours.”4 The agent is 
completely absorbed orally, with peak plasma levels 
obtained in 30 minutes to 3 hours and subsequently 
maintained for 3 to 4 additional hours.?^ Binding of 
disopyramide to plasma proteins is reported as 21 to 33 
percent. Elimination of the agent is renal.?4 

Implications: Although this study has established 


T 


L4 we i 


that disopyramide is a potentially highly effective an- 
tiarrhythmic agent, use of the drug is currently re- 
stricted to investigational administration. Therefore the 
precise role of disopyramide in future clinical antiar- 
rhythmic therapy and its scope of employment remain 
to be clarified. However, it now appears to offer a 
valuable and effective alternative to other antiar- 
rhythmic agents, especially quinidine and procain- 
amide, in the treatment of arrhythmias unresponsive 
to conventional therapy and in instances of toxic 
manifestations developing with standard antiarrhyth- 
mic agents. 
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Ninety-nine of 1,362 congenitally malformed hearts (7.3 percent) obtained 
from patients 1 year of age or younger in the Cardiovascular Registry of 
The Hospital for Sick Children, Toronto, Canada were identified as having 
subaortic stenosis or atresia. The median age at death of these patients 
was 23 days (range less than 1 day to 1 year). Although multiple patho- 
logic mechanisms were identified as potentially responsible for subaortic 
stenosis in this age group, those observed most frequently were (1) co- 
noventricular malalignment, (2) adherent mitral valve, (3) accessory 
endocardial cushion tissue, (4) restrictive bulboventricular foramen, (5) 
poorly expanded subaortic conus, or combinations of these. The relatively 
discrete forms of subaortic stenosis including the fibrous membrane, fi- 
bromuscular, hypertrophic obstructive or tunnel forms were noted in only 
three patients. The remaining 96 patients with subaortic obstruction 
manifested a wide spectrum of complex cardiac malformations including 
interruption or atresia of the aortic arch (29 patients); primitive ventricle 
with outlet chamber and transposition of the great arteries (12 patients); 
endocardial cushion defect (12 patients); aortic atresia with normal left 
ventricle (7 patients); tricuspid atresia with D-transposition of the great 
arteries (6 patients); and coarctation syndrome (7 patients). The re- 
maining 23 patients had a variety of cardiovascular malformations. Fre- 
quently, more than one pathologic mechanism could be identified as 
causing subaortic obstruction in a single patient; and among any group 
of patients with a specific congenital defect (interruption of the aortic arch, 
for example), more than one mechanism could usually be identified. 

Sixty-eight of these 99 patients had some anomaly of the aortic arch, 
indicating reduced aortic flow. It is concluded that subaortic obstruction 
can result from a variety of mechanisms, but that significant intracardiac 
obstruction to systemic blood flow is usually just part of severely distorted 
cardiac anatomy. 


The pathologic and clinical manifestations of the various types of sub- 
aortic stenosis, including the discrete fibrous, fibromuscular, asymmetric 
septal hypertrophic obstructive and tunnel forms, and the approaches 
to operative intervention in the older child and adult have been thor- 
oughly reported.!-!? Less attention has been focused on the pathologic 
mechanisms responsible for subaortic obstruction in infants in the first 
year of life although isolated reports!?-?? of subaortic stenosis and atresia 
in this age group have been published. What becomes apparent from 
these reports is that subaortic obstruction usually occurs in the setting 
of very complex cardiac malformations. Indeed, it is likely that this 
heterogeneity and complexity of cardiac lesions have prevented an 
overview of the pathologic mechanisms and anatomic variations re- 
sponsible for subaortic obstruction in this age group. However, reports 
of aggressive cardiac surgical intervention in many types of complex 
cardiovascular malformations in the neonate and infant suggest that such 
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TABLE | 


Pathologic Mechanisms of Subaortic Stenosis or Atresia 
in the First Year of Life Among Patients With Congenital 
Heart Disease 


. Conoventricular malalignment 
. Adherent mitral valve 
. Accessory endocardial cushion tissue 
. Restrictive bulboventricular foramen 
. Poorly expanded subaortic conus 
. Discrete fibrous 
. Hypertrophic obstructive (asymmetric septal hypertrophy) 
. Tunnel subaortic stenosis 
. Miscellaneous: 
a. Aneurysmally dilated membranous ventricular septum 
b. Redundant A-V valve tissue in L-transposition of the 
great arteries with Ebstein’s malformation of the 
tricuspid valve 
10. Combinations of any of the above 


OONDAPWNH— 


an overview might be necessary.??:96-49 Hence, it is our 
intent to characterize fully the pathologic mechanisms 
responsible for subaortic stenosis and atresia in 99 in- 
fants who died in the first year of life, and to identify 
those cardiac anomalies in which subaortic obstruction 
might be anticipated. 


Case Material 


As of September 1976, a total of 2,006 congenitally mal- 
formed hearts formed the anatomic basis of the Cardiovas- 
cular Pathology Registry of The Hospital for Sick Children 
in Toronto, Canada. Definite subaortic obstruction or atresia 
or the potential for subaortic obstruction was observed in 99 
infants aged 1 year or less. These patients constitute the 





FIGURE 1. Internal view of the right ventricle in a 6 day old infant with 
complete interruption of the aortic arch and a ventricular septal defect 
(straight arrow). The ventricular defect results from conoventricular 
malalignment, with deviation of the conal septum in a leftward direction 
(curved arrow). From the right ventricle, the superior border of the 
defect is the malaligned conal septum and the inferior border the limbs 
of the septal band (ts). PA = pulmonary artery. Reprinted from Freedom 
et al.?5 










pathologic basis of this study. Patients with cardiac neoplasms 
or metabolic disturbances (glycogen storage disease) are not 
considered in this review, although subaortic stenosis can 
result from these processes.4:4? 

Of the 99 patients 52 were male and 47 female. The median 
age at death for the entire group was 23 days (range less than 
1 day to 1 year). 


Definition 


The purpose of this study was to document fully the spec- 
trum of cardiac anomalies that narrow the subaortic area, 
resulting in functional subaortic stenosis in the patient with 
congenital heart disease aged 1 year or less. In the patient with 
visceroatrial situs solitus and a concordant D-ventricular loop, 
such abnormalities involve the left ventricular outflow 
tract. 

When there is a primitive (single) ventricle with an outlet 
chamber, and transposition of the great arteries (aorta origi- 
nating from the outlet chamber), functional subaortic stenosis 
can result from a poorly expanded subaortic infundibulum 
or from restriction of the bulboventricular foramen (foramen 
connecting the outlet chamber to the main cavity of the 
primitive ventricle). This type of subaortic obstruction is in- 
cluded in this report. 

Finally, in patients with two ventricles and D- or L- trans- 
position of the great arteries or double outlet right ventricular 
malposition relation, subaortic stenosis can result from a 
poorly expanded subaortic conus. Thus, subaortic obstruction 
in this situation is right rather than left ventricular. 





FIGORE 2. Internal view of the left ventricle (LV) in a 3 day old infant 
with aortic atresia and a normal mitral valve and left ventricle. The 
malaligned conal septum (cs) totally occludes the subaortic vestibule, 
resulting in subaortic atresia. The ventricular defect is bounded supe- 
riorly by the conal septum. The anterior leaflet of the mitral valve (mv) 
is inserted onto the conal septum. The anterior (apm) and posterior 
(ppm) papillary muscles appear normal. PA = pulmonary artery. 
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Subaortic obstruction was judged present if the subaortic 
area was narrower than in the normal heart.*? In cases of 
moderate or severe narrowing there was no difficulty in de- 
termining whether subaortic obstruction was present. In 
milder cases, the patient was included in the study only when 
there was hemodynamic evidence of at least a 15 mm Hg 
pressure gradient across the systemic outflow tract. 


Results 


Several pathologic mechanisms responsible for sub- 
aortic stenosis or atresia in the 99 patients who died in 
the first year of life have been identified (Table I). Be- 
cause considerable data have accumulated on the per- 
tinent pathologic findings in discrete fibrous or mem- 
branous subaortic stenosis, fibromuscular, hypertrophic 
obstructive cardiomyopathy and tunnel subaortic ste- 
nosis, the morphologic characteristics of these types of 
subaortic stenosis will not be listed. However, pertinent 
pathologic features of the remaining types will now be 
briefly described. 

Conoventricular malalignment: Such malalign- 
ment with a characteristic leftward deviation of the 
conal septum results in a ventricular septal defect in- 
ferior to the malaligned conal septum and superior to 
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FIGURE 3. Enlarged internal view of the diminutive left ventricle (LV) 
in a 41 hour old infant with an endocardial cushion defect, a markedly 
underdeveloped left ventricle, subaortic stenosis secondary to a 
maladherent mitral valve (mv) and small ventricular component to the 
cushion defect. A large ostium primum atrial defect (curved arrow) is 
partially evident. The posterior mitral leaflet is very primitive, and left 
atrial blood empties predominantly into the right ventricle. The malad- 
herent mitral valve significantly narrows the subaortic vestibule (straight 
arrows). Although the great arteries are related to their appropriate 
ventricles, mitral-aortic discontinuity is evident. The stay sutures in this 
figure are 4-0. This patient had a mild aortic coarctation. AO = 
aorta. 
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FIGURE 4. Internal view of the left ventricle (LV) in a 4 month old infant 
with an endocardiol cushion defect, mitral stenosis, underdeveloped 
left ventricle, bicuspid aortic valve and subaortic stenosis resulting from 
a maladherent mitral valve (mv) that significantly narrows the left 
ventricular outflow tract (arrow). The pulmonary artery (PA) is quite 
dilated compared with the much smaller aorta (AO). 





FIGURE 5. Internal view of the left ventricle (LV) and outflow tract in 
an 8 month old infant with an endocardial cushion defect (complete A-V 
canal), marked underdevelopment of the left ventricle, a small ven- 
tricular component to the canal defect, subaortic stenosis (arrows) 
secondary to the marked medial attachment of the mitral valve (mv). 
A 35 mm Hg pressure gradient across the left ventricular outflow tract 
was documented at cardiac catheterization. 
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the limbs of the septal band.1?.15.24-26,44-46 The exten- 
sion of the septal insertion of the conal septum into the 
left ventricle obstructs its anterior portion, narrowing 
the aortic orifice and displacing it posteriorly in the 
outflow tract (Fig. 1 and 2). Moulaert et al.4445 suggest 
that this type of subaortic stenosis is sometimes ag- 
zravated by the presence of the anterolateral muscle 
bundle of the left ventricle, which is a remnant of a co- 
aoventricular flange. We found this type of subaortic 
»bstruction most frequently in infants with interruption 
of the aortic arch and aortic arch atresia, aortic atresia 
ind normal left ventricle and, to a lesser extent, in in- 
ants with the coarctation syndrome. 

Adherent mitral valve: Subaortic stenosis or atresia 
'an result from abnormal adherence of the anterior 
eaflet of the mitral valve to the left ventricular septal 
iurface.19.21.2247,48 The morphologic features respon- 
ible for this maladhesion include either direct fusion 
f valve tissue to the medial aspect of the left ventricular 
utflow tract or interposition of accessory, often prim- 
tive chordae tendineae between the septum and free 
'alve margin of the atrioventricular (A-V) valve tissue 
Fig. 3 to 5). Frequently, both of these features may be 
ibserved. 

The maladherent mitral valve was found most fre- 
[uently in infants with an endocardial cushion defect 
if the complete or partial type. 

_ Accessory endocardial cushion tissue: Such ac- 





IGURE 6. Internal view of the left ventricle (LV) and outflow tract in 
1 day old infant with anatomically corrected malposition of the great 
'tteries, severely underdeveloped left ventricle, mitral stenosis, ven- 
icular septal defect and severe restrictive subaortic stenosis secondary 
ı deposits of undifferentiated accessory endocardial cushion tissue 
rows). The aortic (AO) valve is not in fibrous continuity with the mitral 
alve (mv). The undifferentiated cushion tissue appears to originate from 
»ptal leaflets of the tricuspid valve and membranous septum. The aortic 
alve is tricuspid, but it is thickened. 





cessory tissue, derived from the mitral valve, tricuspid 
valve or membranous ventricular septum, may result 
in subaortic stenosis.?^?2.4849 This accessory endocar- 
dial cushion tissue can take the form of one or more 
spherical or elliptical balloon-like masses that may be 
attached to the ventricular aspect of the anterior leaflet 
of the mitral valve or to the chordae tendineae of the 
mitral leaflet (Fig. 6). Accessory endocardial tissue may 
also appear as gelatinous masses originating from the 
mitral or tricuspid valve or from the area contiguous 
with the membranous ventricular septum (Fig. 6-8). In 
patients with a D-ventricular loop and normally related 
great arteries, the presence of subaortic stenosis due to 
attachment of cushion tissue to the tricuspid valve 
implies a ventricular septal defect. The gelatinous tissue 
masses may be pedunculated and may actually protrude 
through the aortic valve during left ventricular systole. 

Restrictive bulboventricular foramen: When a 
transposed aorta originates above an infundibular outlet 
chamber, the bulboventricular foramen serves as the 
sole intracardiac communication between the aorta and 
the primitive or single ventricle. When the bulboven- 
tricular foramen is narrow, functional subaortic stenosis 
results (Fig. 9). The narrowing of the foramen may be 
congenital, as observed in neonates who died in the first 





FIGURE 7. Internal view of the left ventricle (LV) and outflow tract in 
an 8 month old infant with coarctation of the aorta (previous coarc- 
tectomy at age 7 days), ventricular septal defect (curved arrow) and 
subaortic stenosis secondary to deposits of accessory undifferentiated 
endocardial tissue. Several nodular gelatinous masses of cushion tissue 
(ac) narrow the subaortic area (a 40 mm Hg pressure gradient across 
the left ventricular outflow tract was documented at cardiac catheter- 
ization). These masses originate from the aortic leaflet of the mitral 
valve and the contiguous membranous septum. PA = pulmonary ar- 
tery. 
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few days of life,25.29.3? or a result of progressive restric- 
tion occurring postnatally.°°°! When the bulboven- 
tricular foramen is severely restricted, its diameter may 
be considerably less than the corresponding diameter 
of the aorta. In neonates who die with a restrictive 
bulboventricular foramen, the infundibular chamber 
is often markedly underdeveloped, and the aortic valve 
ring and ascending aorta may be hypoplastic. Virtual 
aortic atresia may be evident in some cases (Fig. 10 and 
11). Circumferential narrowing of the bulboventricular 
foramen can result from deposition of fibrous tissue 
around the margins of the defect, a situation analogous 
to that of so-called aneurysmal transformation of the 
membranous ventricular septal defect.?? In other pa- 
tients, limitation of flow through the defect may result 
from maladherent A-V valve tissue, or from contiguous 
pouches of cushion tissue that may overlie the defect. 
This mechanism was a possible factor in nine of our 
cases. 

Poorly expanded subaortic conus: A poorly ex- 
panded subaortic conus may result in obstruction to 
systemic outflow. This type of narrowing is at times 
quite similar to that characterized as conoventricular 
malalignment.?? In such instances, there is frequently 
evidence of bilateral conus, with interposition of conal 
myocardium preventing a semilunar-A-V valve fibrous 
continuity. This restrictive subaortic conal myocardium 
has been identified in patients with Taussig-Bing 
malformation, anatomically corrected malposition of 
the great arteries and primitive ventricle. It was a pos- 
sible mechanism in four of our cases. 





FIGURE 8. Internal view of the left ventricle (LV) and outflow tract in 
a 29 hour old infant with interruption of the aortic arch between the left 
common carotid artery and left subclavian artery, mitral atresia with 
restrictive ventricular septal defect and subaortic stenosis secondary 
to the restrictive defect and to deposits of accessory cushion tissue 
(arrow). The aortic valve (AO) is biscuspid and the ascending aorta was 
moderately hypoplastic. 
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Miscellaneous: Miscellaneous pathologic mecha- 
nisms responsible for subaortic stenosis or atresia in- 
clude: (1) aneurysmally dilated membranous ventricular 
septum; (2) redundant dysplastic left A-V valve in a 
patient with L-transposition of the great arteries and 
Ebstein’s malformation of the left A-V (tricuspid) valve 
(Fig. 12); (3) accessory anterior mitral leaflet inserting 
on the medial aspect of the left ventricular outflow 
tract!9; and (4) anomalous muscle bundle of the left 
ventricle causing subvalvular aortic obstruction. 

Anatomic types of congenital heart disease as- 
sociated with subaortic stenosis: Subaortic stenosis 
or atresia was identified in a wide variety of complex 
cardiovascular lesions. The type of heart disease, 
number of patients and pathologic mechanism for 
subaortic obstruction are shown in Table II. 

In patients with complex cardiovascular malforma- 
tions, usually more than one mechanism is potentially 
responsible for the obstruction to systemic blood flow. 
Table II shows that although subaortic obstruction 
occurs in a wide variety of cardiac malformations, its 
occurrence with some frequency can be predicted in 
only some of these. Conoventricular malalignment oc- 
curs in about 40 to 50 percent of patients with complete 
interruption of the aortic arch and, indeed, should be 
anticipated in patients with arch interruption or atresia. 





Ee 


FIGURE 9. Enlarged internal view of an infundibular chamber (oc) in 
a 13 day old infant with D-transposition of the great arteries, single left 
ventricle and outlet chamber, restrictive bulboventricular foramen with 
functional subaortic stenosis and coarctation of the aorta. The aortic 
valve (aov) is tricuspid and not stenotic. The bulboventricular foramen 
(curved arrow) is slit-like and obviously restrictive. The aorta (AO) 
originates above this outlet chamber and does not have fibrous conti- 
nuity with either A-V valve. 
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FIGURE 10. Heart of a 13 day 
old infant with L-transposition of 
thé great arteries, aortic valve 
atresia, a diminutive outlet 
chamber (oc) and virtually 
sealed bulboventricular fora- 
men. A, external view. B, inter- 
nal view of the morphologic left 
ventricle (LV). The mitral valve 
(mv) is in fibrous continuity with 
the pulmonary valve. The bul- 
boventricular foramen (arrow) 
is almost intact. AO — aorta; PA 
= pulmonary artery. 


'IGURE 11. Internal view of the left ventricle (LV) in a 1 year old infant 
vith left juxtaposition of the atrial appendages, tricuspid atresia with 
)-transposition of the great arteries, restrictive bulboventricular foramen 
oblique arrows) and functional subaortic stenosis. In addition, a deposit 
f accessory pouch-like endocardial cushion tissue (ac) further re- 
tricted flow into the aorta, and also resulted in subpulmonary ob- 
truction (horizontal arrow). The bulboventricular foramen is divided 
ito two foramens, both very restrictive. The pouch-like mass of cushion 
ssue is attached to the surface of the aortic leaflet of mitral valve (mv) 
nd, although retracted in this figure, partly obscures the bulboventri- 
ular foramen. The pressure in the left ventricle at cardiac catheter- 


ation was 160 mm Hg, with a simultaneous systolic arm blood pres- FIGURE 12. Internal view of the right ventricle and aorta (AO) of a 3 day 
ure of 80 mm Hg. Catheter withdrawal from the pulmonary artery (PA) old infant with L-transposition of the great arteries and severe Ebstein's 
ito the left ventricle documented a 130 mm Hg pressure gradient malformation of the left A-V valve. The ascending aorta is significantly 
cross the pulmonary outflow tract. In this patient, the bulboventricular underdeveloped. The aortic valve is bicuspid and stenotic. The septal 
ramen was restrictive, and functional subaortic stenosis was aggra- leaflet of the tricuspid valve is very dysplastic, and its septal insertion 
ated by the pouch-like deposit of cushion tissue. anatomically narrows the subaortic area (arrow). 
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TABLE II 


Types of Congenitally Malformed Hearts Associated With 
Subaortic Stenosis or Atresia, or Both, and Pathologic 
Mechanisms Responsible for Subaortic Obstruction 


Hearts 
Examined With 
Subaortic Ob- 
struction (no.) 


Pathologic 
Mecha- 
Type of Heart nisms * " 

Interruption of aortic arch 

Endocardial cushion defect 

Primitive ventricle, outlet chamber 
and TGA (including four with 
dextrocardia) 

Aortic atresia and normal left 
ventricle i 

Coarctation syndrome with VSD 

Tricuspid atresia and TGA 

Atresia of aortic arch 

Mitral atresia with VSD 

Juxtaposition of atrial appendages 
syndrome 

Double inlet right ventricle 

Double outlet right ventricle 

Coarctation of aorta + PDA 

Taussig-Bing malformation 

VSD 

Tetralogy of Fallot 

Tricuspid atresia with normally 
related great arteries 

D-TGA with straddling tricuspid 
valve 

Primitive ventricle without TGA 

Asplenia syndrome 

Polysplenia syndrome 

Aortic valve stenosis 

Anatomically corrected TGA 

L-TGA with Ebstein's anomaly of 
left A-V valve 
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* Refers to pathologic mechanisms listed by number in Table |. 

T Excludes two patients with hypertrophic obstructive cardiomyo- 
pathy and one patient with fibromuscular subaortic stenosis. 

PDA = patent ductus arteriosus; TGA = transposition of great 
arteries; VSD = ventricular septal defect. 


Similarly, in patients with aortic atresia and a normally 
developed left ventricle, virtual subaortic atresia re- 
sulted from leftward deviation of the conal septum in 
six of seven recently studied patients.?^-^? Yet, although 
subaortic obstruction has been identified in 3 of 160 
necropsy patients with tetralogy of Fallot from our in- 
stitution, this association is most uncommon. 

In the patient with transposition of the great arteries, 
primitive ventricle and outlet chamber, the presence of 
an aortic arch anomaly or uncompromised pulmonary 
flow should suggest a restrictive bulboventricular 
foramen. The latter is usually responsible for subaortic 
obstruction in this setting. Certainly, if a patient with 
this constellation of anomalies in addition has an ab- 
normality of the aortic arch, narrowing of the bulbo- 
ventricular foramen should be suspected. Similarly, in 
the patient with tricuspid atresia and D-transposition 
of the great arteries, an associated aortic arch anomaly 
should suggest restriction between the aorta and left 
(primitive) ventricle. 

In the patient with anatomically corrected malposi- 
tion, we have identified two mechanisms responsible for 
subaortic obstruction: conoventricular malalignment 
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and deposits of accessory endocardial cushion tissue. 
In this form of malposition, the conotruncus and ven- 
tricular loop appear to have twisted in opposite direc- 
tions, resulting in severe conoventricular malalignment, 
with a ventricular septal defect at the conoventricular 
junction.?4-»8 Similar mechanisms have been identified 
in those patients with the syndrome of juxtaposition of 
the atrial appendages and subaortic stenosis.5?:56,58,59 

Incidence of aortic arch anomalies: Sixty-eight of 
the 99 patients with subaortic stenosis (68 percent) had 
some form of anomaly of the aortic arch. Twenty-five 
patients had complete interruption of the aortic arch, 
4 had aortic arch atresia and the remaining 51 had aortic 
atresia with a diminutive ascending aorta, tubular hy- 
poplasia of the transverse arch, discrete coarctation of 
the aorta and long segment coarctations. Seven patients 
had a right aortic arch. 


Discussion 


Our study identified several pathologic mechanisms 
responsible for subaortic stenosis or atresia in infants 
less than 1 year of age (Table I). Although the relatively 
discrete forms of subaortic stenosis (fibrous, hyper- 
trophic, fibromuscular and tunnel) have been identified 
among patients of this age group, these forms were rel- 
atively uncommon, occurring in only 3 percent in our 
review. For the most part, subaortic obstruction was 
found in a heterogeneous group of hearts, whose com- 
mon denominator was a profound disturbance of in- 
tracardiac anatomy (Table II). | 

In those patients with two ventricles, either D- or 
L-loop, the mechanisms most frequently responsible for 
subaortic obstruction included conoventricular mal- 
alignment, maladherent mitral valve or accessory en- 
docardial cushion tissue. Frequently, more than one 
pathologic mechanism could be identified in a single 
patient. Among our patients with interrupted aortic 
arch and subaortic stenosis, conoventricular malalign- 
ment was most frequently identified, with only a few 
examples of adherent mitral valve or accessory endo- 
cardial cushion tissue.?»26 [n such patients with cono- 
ventricular malalignment, the ventricular defect ap- 
peared intraconal and could involve the cephalad, mid 
or inferior portion of the conal septum (Fig. 1). The 
conal septum was characteristically deviated in a left- 
ward direction, narrowing the left ventricular outflow 
tract and resulting in muscular subaortic stenosis above 
the defect. The anterolateral muscle bundle of the left 
ventricle may aggravate the subaortic obstruc- 
tion. 44.45.60 

In a few patients with interrupted aortic arch, de- 
posits of accessory endocardial cushion tissue signifi- 
cantly narrowed the subaortic area. This finding was 
usually associated with a membranous ventricular de- 
fect and was observed in one patient with a type A in- 
terruption, mitral atresia, underdeveloped left ventricle 
and severe subaortic obstruction. | 

Aortic valve atresia with subaortic atresia: We 
recently identified seven patients with aortic valve 
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atresia and normal left ventricle.?449 In five of the seven, 
virtual subaortic atresia resulted from conoventricular 
malalignment. From the right ventricle, the conoven- 
tricular malalignment and resulting ventricular defects 
were almost indistinguishable from the spectrum of 
conal ventricular defects observed in patients with in- 
terruption of the aortic arch. However, from the left 
ventricle, the malaligned conal septum occupied a more 
superior position than in patients with interruption of 
the aortic arch. One of the two remaining patients with 
aortic atresia and normal left ventricle had a complete 
A-V canal defect (Case 2, Ref. 40), and subaortic atresia 
resulted from the maladherent mitral component of the 
common A-V valve. This leaflet was tethered to the 
medial aspect of the left ventricular outflow tract, vir- 
tually obliterating this subaortic vestibule. In the re- 
maining patient, accessory underdifferentiated cushion 
tissue occluded the subaortic vestibule. Several similar 
patients have been described.??61.62 

Endocardial cushion defect and subaortic ste- 
nosis: As Jue and Edwards?! have pointed out, there is 
a consistent association between the mitral valve lesion 
of the persistent common A-V canal (so-called endo- 
sardial cushion defect) and actual or potential subaortic 
stenosis. The abnormal medial attachment of the mitral 
valve often appears to narrow the left ventricular out- 
low tract, but documentation of a pressure gradient 
»etween the left ventricle and aorta at cardiac cathe- 
erization is uncommon. However, in some patients with 
in ostium primum atrial septal defect and a trivial (if 
iny) ventricular defect, marked distortion of the mitral 
ralve can result in significant subaortic obstruction. We 
1ave identified a spectrum of endocardial cushion defect 
n which subaortic stenosis can occur. In its severest 
'orm, the left ventricle is markedly underdeveloped, 
with severe narrowing of the left ventricular outflow 
act by maladherent A-V valve.9? In this form, the 
'ommon A-V valve is very primitive. The mitral com- 
»onent of this valve is grossly deficient, with few normal 
eft ventricular attachments. The common A-V valve 
nrtually empties into the morphologically right ven- 
ricle, resulting in a double inlet right ventricle (Fig. 3 
ind 4), and the right atrium and right ventricle are 
isually significantly hypertrophied. When patients with 
his condition have primitive A-V valves that straddle 
he ventricular septum, it is not unusual to see deposits 
f undifferentiated accessory endocardial cushion tis- 
ue.?564 When these deposits are positioned in the 
ubaortic area, significant obstruction may occur. In our 
xperience, conoventricular malalignment is uncommon 
n patients with endocardial cushion defect, subaortic 
tenosis and underdeveloped left ventricle. 

In patients with double inlet right ventricle, malad- 
ierent mitral valve and accessory cushion tissue are 
isually responsible for subaortic obstruction. Cono- 
entricular malalignment is occasionally noted.55.66 

Subaortic obstruction in complex anomalies: 
)ccasionally, the patient with complex cardiovascular 
isease and visceral heterotaxia has cardiac findings 
uggesting systemic outflow tract obstruction. Subaortic 
bstruction in these patients usually results from a 


maladherent mitral valve in the setting of an endocar- 
dial cushion defect or from deposits of accessory endo- 
cardial cushion tissue, or both. Although conoventri- 
cular malalignment may be observed in these patients, 
significant subaortic obstruction on this basis is quite 
uncommon. 'T'wo patients with the asplenia syndrome 
and aortic atresia have been described.97655 Neither 
patient had conotruncal abnormalities, thus suggesting 
that some abnormality of the A-V valves was responsi- 
ble for the subaortic obstruction. Similarly, subaortic 
stenosis or atresia has been documented in patients with 
the polysplenia syndrome and double outlet right ven- 
tricle, the pathogenesis being related to A-V valve dis- 
tortions and deposits of undifferentiated cushion tis- 
sue. 69.70 

Restricted bulboventricular foramen and func- 
tional subaortic stenosis: Restriction at the level of 
the bulboventricular foramen may result in functional 
subaortic stenosis in patients whose transposed aorta 
originates above an infundibular chamber. This re- 
striction can be very severe at birth or may be acquired 
postnatally. Somerville et al.°° recently documented 
acquired subaortic stenosis in two patients with com- 
mon ventricle. We recently reported our experience with 
four patients with primitive ventricle, outlet chamber 
and transposed great arteries (both D- and L-) who 
acquired restriction at the bulboventricular foramen 
level after pulmonary arterial banding.?! We suggested 
that these defects were probably marginal to begin with 
and that, in response to the banding, concentric mus- 
cular hypertrophy further restricted their circumfer- 
ence. In these patients, the defects were circumferen- 
tially narrowed by deposits of fibrous tissue, analogous 
to the situation in aneurysmal transformation of the 
membranous ventricular septal defect.52 The same 
pathologic features were observed in Somerville’s pa- 
tients. In this regard, subaortic obstruction developed 
in both of the patients after pulmonary arterial banding, 
although her report did not suggest the possible causal 
relation. Acquired subaortic stenosis has also been 
documented after pulmonary arterial banding for iso- 
lated ventricular septal defect./^7? These defects 
probably resulted from mild leftward conoventricular 
malalignment. The mildly deviated conal septum then 
responded to pulmonary arterial banding with hyper- 
trophy with subsequent narrowing of the left ventricular 
outflow tract. 

In other patients with functional subaortic stenosis 
secondary to a restrictive bulboventricular septum, 
accessory cushion tissue may further compromise flow 
into the aorta (Fig. 12). Finally, in some patients with 
primitive ventricle and outlet chamber, the bulboven- 
tricular septum is intact, and a muscular ventricular 
defect allows access between the primitive ventricle and 
outlet chamber. Progressive diminution in size of this 
type of defect also results in subaortic obstruction. 

Subaortic stenosis leading to aortic arch anom- 
alies: It has previously been suggested that reduced 
aortic flow predisposes to anomalies of the aortic 
arch.7?7* This was a conclusion reached by Van Praagh 
et al.!? in their study of interrupted aortic arch, and 
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more recently in the studies of others.4445:73 Indeed, our 
study confirms these observations and suggests that 
aortic arch anomalies are usually the expression of 
disturbed intracardiac anatomy that favors pulmonary 
arterial flow. Such aortic arch anomalies, including 
complete interruption, atresia, coarctation and tubular 
hypoplasia, occurred in 68 percent of our patients. In- 
deed, the clinical manifestations in many of these pa- 
tients, especially the ill neonates, suggested an aortic 
arch anomaly, usually the coarctation syndrome. It has 
been our impression that our angiocardiographic in- 
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terpretation frequently underestimates the severity of 
the intracardiac disturbances. 

Implications: This review suggests that subaortic 
obstruction in infants who die in the first year of life is 
not uncommon; it occurred in 7.3 percent of our nec- 
ropsy patients. Although some forms of subaortic ob- 
struction in such infants are amenable to surgical in- 
tervention, many infants have such severe disturbances 
of intracardiac anatomy that complete repair or even 
long-term palliation is not possible using currently ap- 
plicable techniques. 
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The distribution of specific defects among 107 sets of twins and 2 sets of 
triplets with cardiac malformations was found to be similar to that in the 
general population, but there were no cases of associated Down’s syn- 
drome. The mean age for mothers of twins, 27.49 years, was slightly higher 
than for mothers of all children with cardiac malformations because of 
the somewhat older age of mothers of dizygotic twins. The mean birth 
weight of affected twins, 2,198 g, was lower than for twins in general, and 


. was lower for monozygotic than for dizygotic twins, and for affected twins 


than for their normal monozygotic or dizygotic cotwins. There was a 
disproportionately high percentage of monozygotic twins (58 percent), 
same-sex twins (81 percent) and females (62 percent). The concordance 
rate in monozygotic twins was 6.8 percent (8.2 percent if triplet couplets 
are included), approximating the 5 to 10 percent rate theoretically ex- 
pected on the basis of population and sibship data. For dizygotic twins 
the concordance rate was 2.3 percent (2.2 percent if triplet couplets are 
included), essentially the same as for siblings of children with cardiac 
malformations. Concordance for specificity of cardiac defect was very 
high in the few monozygotic twins who were concordant for cardiac 
malformation. A low concordance rate in monozygotic twins does not 
exclude a significant role for genetic factors in the etiology of cardiac 
malformations. 


Despite known practical and theoretical limitations, twin analysis con- 
tinues to be an established technique in the study of heredity and en- 
vironment. Thus, numerous publications dealing with congenital cardiac 
malformations have been directed in whole, or in part, to this biologically 
unique group of patients in an attempt to evaluate etiologic factors. Since 
1951 I have maintained a registry of twins and triplets with cardiac 


malformations treated by the pediatric services of University of Min- 


nesota Hospital. On reviewing their records I find concordance values 
for cardiac malformations to be low, but in the range expected from other 
types of data. 


Materials and Methods 


Cases: During the years 1951 to 1976 I have identified 107 sets of twins and 
2 sets of triplets among approximately 7,000 pediatric patients with major 
congenital cardiac malformations. In six cases a cotwin or cotriplet was also af- 
fected, and only the first seen member was recorded as a proband; one affected 
cotwin and one affected cotriplet were not seen as registered patients. Thus, 
among the 7,000 patients there were 111 individual twins (1 in 63) and 2 indi- 
vidual triplets (1 in 3,500). Three of the 107 proband twins were excluded from 
this study, 2 because the cardiac status of the cotwin was in doubt: a girl with 
a ventricular septal defect whose probably monozygotic cotwin died from birth 
complications but did not undergo autopsy and a girl with a patent ductus ar- 
teriosus whose twin brother died at age 3 days with a mass in the neck (no autopsy 
performed) and another because he was lost to follow-up study before a definitive 
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diagnosis could be established (a male infant with a significant of the other physicians in the 28 instances in which I examined 


murmur and a normal twin sister). An additional three twins the cotwin. My examination was directed closely to hair and 
with patent ductus arteriosus were located in a review of eye features, but also to other facial and bodily characteris- 
children who had had cardiac surgery before 1951, giving a tics. 
revised total of 107 twin probands and 2 triplet probands for The twin sets included one pair of conjoined twins (tho- 
analysis. Twins with such probably acquired lesions as pro- racopagic) who at autopsy were found to share a common 
lapsing mitral leaflet or endocardial fibroelastosis or with such heart with a single ventricle and a single atrium, with a right 
minor anomalies as persistent left superior vena cava were superior vena cava from one twin connecting to the atrium, 
excluded, as were cases encountered among siblings and and a left superior vena cava from the other twin connecting 
parents of pediatric patients with cardiac malformations but to the coronary sinus, with two sets of inferior venae cavae and 
not seen as registered patients themselves. hepatic veins, and with two infundibular chambers, each 
Twenty-five of the 109 twin and triplet probands were first giving origin to a pulmonary artery and an aorta. The two 
seen from 1952 to 1959, 34 from 1960 to 1967 and 42 from 1968 triplet probands each had a monozygotic partner and a dizy- 
to 1975. Because the number of new pediatric patients with gotic partner. 
cardiac malformations seen each year has remained around The diagnosis in the proband was based on clinical and 
250, it is likely that a number of multiple birth patients were routine laboratory findings alone in 15 cases, on cardiac 
missed in earlier years when I had less contact with the total catheterization findings in 24, on surgical observations in 14, 
population of children with cardiac defects. Of the 109 pro- on combined cardiac catheterization and surgical observations 
bands, 106 were white, 2 were black and 1 was North American in 42 and on autopsy findings in 14. 
Indian. All but four were from Minnesota or contiguous states. The mean age of the 99 mothers of known age was 27.49 
Some of the cases have been referred to in earlier publica- years, slightly higher than the 26.58 years for the mothers of 
tions.!? 2,000 children with cardiac malformations reported in a sep- 
Zygosity: Exact information on blood types and birth arate study from this hospital.? The mean age of 40 mothers 
membranes was available in fewer than a dozen cases. Zygosity of dizygotic twins, 28.95 years, was higher than the mean age 
of the twins was therefore based primarily on the judgment of 54 mothers of monozygotic twins, 26.39 years, as would be 
of attending physicians and family members. In five cases expected from the known greater incidence of dizygotic 
some question was raised as to the identicalness of the twins, twinning in older women,? and accounted for the higher mean 
and zygosity was then judged to be unknown. With few ex- age of the entire group of mothers. 
ceptions, the patients were seen in our clinic on numerous Results 
occasions over the years. The cotwins were all examined by 1 y 4 
the same physicians who had diagnosed and referred the af- Birth weight: A broad array of cardiac malforma- 
fected twins, and generally on multiple occasions. My findings tions was encountered among the twin probands (Table 
concerning zygosity and cardiac status coincided with those I). Although there were more cases of pulmonary ste- 
TABLE ! 


Diagnoses, Means of Diagnosis and Twinning Types 


Twin Types (and number concordant) 


Twins , Same Sex 
With Percent 
Diagnosis Expected Means of Diagnosis Male Female Unlike Sex 
to Have fist: 

Diagnosis no. % Diagnosis Cl C S GFS A MZ DLWA? MZ DZ Z? Male Female 
VSD 2221 29 8 7 0 3 4 4 0 0 y, 5 2 1 3 
ASD Bo vy 7 0 1 1 6 0 1 2 0 2 0 2 0 1 
PDA TAAA0 6 0 0 8 3 0 2 0 0 6 2 0 0 1 
Coarc 802. 5 6 0 0 5 0 0 3 0 0 2 0 0 0 0 
PS 12: 13 9 3 3 0 6 0 2 0 0 5 2 0 0 3 (1) 
AS gv. 8 3 4 0 1 0 1 ‘2 1 2 0 0 2 0 
TGA 2-3 3 0 0 0 1 1 0 1 0 0 0 0 0 1 
ToF 16 15 11 0 3 0 10 3 4 0 0 5 4 0 2 1 
PDA + coarc Au E2 0 0 0 2 0 0 0 0 2 0 0 0 0 
VSD + tour] dy 21 0 0 0 2 0 0 1 0 0 0 0 1 0 
Other * 19 18 0 6 0 7 6 6 (1) 2 0 5 (3) 2 0 3 1 
Totals 107 14 24 14 41 14 23 (1) 8 1 36 (3) 15 4 9 11 (1) 


*The six male monozygotic twins included single cases of tricuspid atresia, atrial septal defect with deformed pulmonary valve and Holt-Oram 
syndrome, pulmonary valve stenosis with anomalous inferior vena cava, coarctation of aorta with mitral regurgitation, double outlet right ven- 
tricle and hypoplastic left heart. One male dizygotic twin had congenital corrected transposition of great vessels with ventricular septal defect 
and pulmonary stenosis, and another had scimitar syndrome with small right lung and typical pulmonary vessel anomalies. The five female 
monozygotic twins included single cases of peripheral pulmonary arterial stenosis, asplenia syndrome with biloculate heart and pulmonary and 
tricuspid valve atresia, atrioventricular canal with pulmonary stenosis, ventricular septal defect with mild pulmonary valve stenosis and con- 
joined twins sharing a single conjoined heart. One female dizygotic twin had dysplastic pulmonary valve stenosis and another had an atrial sep- 
tal defect, a left superior vena cava connecting to the left atrium and an absent coronary sinus. The four unlike sex twin pairs included single 
male cases of double outlet right ventricle with pulmonary stenosis, ventricular septal defect with atrial septal defect and congenital pulmon- 
ary valve regurgitation and a female with total anomalous pulmonary venous connection to the right atrium and a patent ductus arteriosus. ' 

A = autopsy; AS = aortic stenosis; ASD = atrial septal defect; C = cardiac catheterization; Cl = clinical; Coarc = coarctation of aorta; DZ = 
dizygotic; MZ = monozygotic; PDA = patent ductus arteriosus; PS = pulmonary stenosis; S = surgery; ToF = tetralogy of Fallot; TGA = trans- 
position of the great arteries; VSD = ventricular septal defect; Z? = zygosity unknown. 
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nosis, tetralogy of Fallot and patent ductus arteriosus 
than expected, and fewer cases of ventricular septal 
defect, the deviations from the percentages found in a 
large series of patients from this hospital? were not 
statistically significant. The mean birth weight of the 
101 twin probands with a known birth weight was only 
2,198 g (2.098 g for 56 monozygotic twins and 2,346 g for 
40 dizygotic twins). Low birth weight and lower birth 
weight for monozygotic twins than for dizygotic twins 
are also characteristic features of twins in general.* The 
mean birth weight of 43 discordant monozygotic pro- 
bands was 2,078 g compared with 2,316 g for their nor- 
mal cotwins; for 34 discordant dizygotic twins the cor- 
responding values were 2,289 and 2,431 g. 

Birth weight and type of malformation: Among 
discordant monozygotic twin pairs, the affected twin 
was smaller in all nine cases of tetralogy of Fallot, seven 
cases of isolated or complicated cases of coarctation of 
the aorta, two cases of aortic stenosis, six of eight cases 
of ventricular septal defect and two of three cases of 
complex cyanotic heart disease, but in only three of 
seven cases of pulmonary stenosis, one of three cases of 
atrial septal defect and one of four cases of patent 
ductus arteriosus. Among discordant same-sex dizygotic 
twin pairs, the affected twin was smaller in the two cases 
of ventricular septal defect, two cases of atrial septal 
defect, two cases of patent ductus arteriosus, one case 
of complicated coarctation of the aorta, two of four cases 
of tetralogy of Fallot, one of two cases of pulmonary 
stenosis, neither case of aortic stenosis and dysplastic 
pulmonary stenosis and one of three cases of complex 
cyanotic heart disease. These observations indicate an 
association between cardiac malformations and intra- 
uterine growth retardation, but do not differentiate 
between one being the cause of the other and both being 
due to a common cause. 

Drug use during pregnancy: The mother of a male 
monozygotic twin with a cardiac malformation and cleft 
lip and palate received anticonvulsant drugs during 
pregnancy, and the cotwin had a cleft lip and palate but 
normal heart. This case has been included in a separate 
study.? The mother of a female monozygotic twin re- 
ceived thyroid therapy during pregnancy and the cotwin 
was normal. The parents of a female dizygotic twin were 
first cousins and heavy users of alcohol, but the male 
cotwin was normal. 

Associated noncardiac defects: Noncardiac defects 
were present in five monozygotic twins (severe growth 
failure and hypospadius, twin normal; cleft lip and 
palate, twin with similar findings but heart normal; 
microcephaly and mental retardation, twin with similar 
findings but heart normal; spastic diplegia, twin normal; 
and Holt-Oram syndrome, twin normal), in three di- 
zygotic twins (mental retardation, twin normal; 
cherubism, twin normal; and hemivertebrae, clubfoot 
and herniae, twin normal). Noncardiac defects were also 
present in three twins of unknown zygosity (herniae and 
ureteral anomaly, twin normal; cerebral atrophy, twin 
normal; and deformed thumb and ear and cervical rib, 
twin normal). Significantly, no cases of Down's syn- 
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drome were encountered, even though this syndrome 
occurs in approximately 5 percent of all newborns with 
cardiac malformations. | c 

Concordance for cardiac abnormalities: Such 
concordance occurred in four pairs of monozygotic 
twins: one set of male twins had mitral and aortic valve 
atresia (hypoplastic left heart) with fused foramen 
ovale, and differed only in that one had a levoatriocar- 
dinal vein connecting to the right superior vena cava and 
originating from the left atrium whereas the other had 
a comparable vein originating from the left upper pul- 
monary vein; one set of female twins had mild pulmo- 
nary valve stenosis, with one twin having an additional 
ventricular septal defect; another set of female twins | 
had peripheral pulmonary arterial stenoses, severe in 
one and mild in the other; and the set of conjoined twins 
shared a fused complex heart. Concordance occurred- 
in the two monozygotic members of one set of female 
triplets, both having severe infundibular pulmonary. 
stenosis and one probably having an additional ven- 
tricular septal defect. Concordance for cardiac abnor- 
mality was found in one set of dizygotic twins, the fe- 
male proband having pulmonary valve stenosis and the 
male cotwin having an aortic valve malformation pro- 
ducing regurgitation. Thus, there was concordance for 
cardiac abnormality in 4 of 59 monozygotic twin pairs 
(6.8 percent), 1 of 43 dizygotic twin pairs (2.3 percent) 
and none of 5 same-sex pairs of undetermined zygosity. 
Inclusion of the two triplets, each of whom had one 
monozygotic and one dizygotic partner, into these cal- 
culations changes the concordance rate to 8.3 percent 
(4 of 61) for monozygotic twin pairs and to 2.2 percent 
(1 of 45) for dizygotic twin pairs. 

Sex and zygosity of twins: The prevalence rate of 
same-sex twin pairs in this study, 81.3 percent (87 of 
107), was moderately higher (P «0.2) than the 72.5 
percent rate (50 of 69) in twin pairs encountered among 
the siblings of patients with cardiac malformations or 
innocent murmurs reported from this hospital,? sig- 
nificantly higher (P «0.04) than the 68.9 percent rate 
(82 of 119) among the twins just mentioned who sur- 
vived the neonatal period, significantly higher (P 
«0.004) than noted in a birth certificate study? and 
significantly higher (P «0.008) than the 67.3 percent 
rate for white twins in a large collaborative study.? Of 
the 107 pairs of twins, 49 (55.1 percent) were identified 
as monozygotic, 43 (40.2 percent) as dizygotic and 5 (4.7 
percent) as of unknown zygosity but of the same sex. 
Utilizing Weinberg's differential method for estimating 
the number of dizygotic twins in a twin population 
(which assumes equal numbers of same-sex and un- 
like-sex pairs in dizygotic twinning), there would be 40 
dizygotic pairs among the 107 pairs of twins (37.4 per- 
cent). These observed and calculated values are both 
significantly lower (P «0.001) than the 65.4 percent rate 
observed in a large group of white twins.? Of the 107 
twin probands, 66 (61.7 percent) were female, a per- 
centage significantly larger (P «0.005) than the 47.2 
percent found in the general population of children with 
cardiac malformations at this hospital.? 
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CARDIAC MALFORMATION IN TW 
Discussion 


Previous data: Earlier published studies relating to con- 
cordance or discordance for cardiac malformations in twins 
have had widely varying populations. Initially, case reports 
predominated. Subsequently, twin data were included in 
patient surveys but were seldom truly random. The study of 
Uchida and Rowe,’ with no concordant pairs among 26 sets 
of twins, 13 of them monozygotic, involved random cases. Nora 
et al.8 reported concordance in 6 of 13 monozygotic twin pairs, 
1 of 24 dizygotic pairs and 1 of 6 pairs of unknown zygosity. 
However, their use of data published by others to arrive at an 
overall concordance rate of 26 percent in monozygotic twins 
and of 7 percent in dizygotic twins appears invalid because the 
cases reported by Ross,? McAleese,!? Holman et al.!! and 
Dogramaci and Green!” were not random cases, and the cases 
attributed to Fuhrmann?? consisted of his tabulation of cases 
reported by others,!4 involved some duplication and were not 
randomly ascertained. Menashe et al.!° found 15 pairs of 
twins, all discordant, among 486 patients dying with con- 
genital heart malformations. Leck et al.!6 encountered 22 pairs 
of twins among 401 children with cardiac defects, with the only 
concordant pair being dizygotic. Noonan!? found concordance 
in 1 of 11 monozygotic pairs and in none of 14 dizygotic pairs 
and 1 pair of unknown zygosity. Hay and Wehrung? noted 
concordance in 6 of 99 pairs of same-sex twins, and in 1 of 30 
pairs of unlike sex and, using the Weinberg method to esti- 
mate the number of dizygotic twins, reported a concordance 
of 7.2 percent for monozygotic twins (5 of 69) and 3.3 percent 
for dizygotic twins (2 of 60). 

Kenna et al.!® reported concordance in 2 of 15 sets of 
monozygotic twins and in 2 of 12 sets of dizygotic twins. 
Concordance in one of six pairs of monozygotic twins (a set of 
conjoined twins sharing a common heart) and in one pair of 
unknown zygosity were reported by Myrianthopoulos.!? 
However, an earlier review of the same data by different au- 
thors?? listed only two monozygotic pairs of twins and three 
dizygotic pairs, the other 13 being of unknown zygosity. 
Likewise, the two reports differed in the anatomic diagnoses. 
Of the 20 affected twins in that study, 15 were said to have 
additional noncardiac malformations,!? and in 11 of the 18 
pairs of twins with affected members either one or both 
members died before or immediately after birth.?? Because 
of these unusual features, and particularly because of the in- 
clusion of fetal deaths, comparisons cannot be made to the 
results of other studies. Mori?! reported concordance in 11 of 
47 monozygotic twin pairs (23.4 percent), 3 of 39 dizygotic 
pairs (7.7 percent) and 2 of 27 pairs of unknown zygosity (7.4 
percent). However, twin data from Japan differ from Ameri- 
can data because the incidence of dizygotic twinning is much 
lower there and the genetic background of the population may 
well be different. Thus, because the rate of monozygotic 
twinning is roughly double that of dizygotic twinning in Japan, 
most of Mori's cases of unknown zygosity were probably 
monozygotic, which would reduce the incidence of concor- 
dance in monozygotic twins to well below 20 percent. Also, 
some bias may have been present in their data because their 
113 pairs of twins were apparently encountered in a total pa- 
tient population of 2,798, indicating a nonrandom ascertain- 
ment of twin cases, perhaps related to a purposeful referral 
of twins to their diagnostic center. 


Concordance and zygosity: In the present study, 
I found concordance in 4 of 59 (6.8 percent) sets of 
monozygotic twins, including the set of conjoined twins. 
Concordance was noted in 1 of the 43 sets of dizygotic 
twins (2.3 percent), a figure close to the 1.4 percent I 
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found in siblings of children with cardiac malformations 
at this hospital? and as expected if environmental 
factors are not preeminent in the causation of cardiac 
malformations. Inclusion of the two sets of triplets, with 
each proband having a monozygotic and a dizygotic 
partner, changes the concordance in monozygotic twins 
to 5 in 61 (8.2 percent) and in dizygotic twins to 1 in 45 
(2.2 percent). : 

Maternal disease in pregnancy: Of interest is that 
the defect in one set of concordant monozygotic twins, 
peripheral pulmonary arterial stenosis, can occur with 
maternal rubella in pregnancy or as part of the hyper- 
calemia syndrome, and another defect, hypoplastic left 
heart, has been reported to have a strong genetic basis, 
possibly a single recessive gene being involved in some 
instances.22 However, in neither case was there evidence 
of maternal disease in pregnancy, generalized syn- 
dromes, consanguinity or affected relatives. 

Sex and zygosity: The excess of females in this study 
remains unexplained and has not been mentioned by 
others. However, 9 of the 13 sets of monozygotic twins 
described by Uchida and Rowe’ were female, and My- 
rianthopoulos!? listed 13 females among 20 affected 
twins. It seems unlikely that the reported higher infant 
mortality rate of male twins? would account for the large 
difference in my series (66 females, 41 males). Likewise, 
the excess of monozygotic twin pairs (59 of 102) is 
unexplained, but has been noted by others both for 
cardiac malformations and for malformations in gen- 
eral.?? This excess of mozygotic twins was also present 
in most of the reports mentioned in the earlier discus- 
sion of concordance values. On the other hand, one 
might have expected the greater infant mortality of 
monozygotic twins? to have reduced their relative in- 
cidence. The number of same-sex dizygotic twin pairs 
(23) was essentially the same as the number of unlike- 
sex pairs (20), actually slightly greater than the equal 
number that would be expected from the Weinberg 
equation, and not significantly different even with 
correction for the preponderance of females in the case 
material. 

Ineidence of twinning: As with concordance data, 
data relating to the incidence of twins in patients with 
cardiac malformations, or to the incidence of cardiac 
malformations in twins, are difficult to compare, mainly 
because of differences in age distributions of the patient 
populations, inclusion of stillbirths and the severity of 
defects included. 


Uchida and Rowe’ encountered 14 twins among 1,125 new 
patients with cardiac malformations in a 3 year period, and 
attributed the low 1 in 80 figure to a higher neonatal death rate 
for twins and to missed cases. Mitchell et al.?? noted cardiac 
malformations in 20 of 1,024 twins, and 20 of their 457 infants 
with cardiac malformations were members of twin pairs. 
However, their data included both stillborn and liveborn in- 
fants. Also, in the tabulation of specific defects in that study, 
as later reported by Myrianthopoulos,!? there were seven cases 
of dubious (five cases of “cardiac enlargement") or minor 
significance (one case of absent coronary sinus and one case 
of left superior vena cava). This would reduce the incidence 
of major verified cardiac malformations to 13 in 1,204 twins 
(a less impressive 1.1 percent), with 13 of 450 infants being 
twins with cardiac malformations (1 in 35). Even so, these 
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values would still be approximately 50 percent higher than 
expected, and would favor the proposition that twins have a 
significantly greater incidence of cardiac malformations, as 
described also for malformations in general, where the increase 
has been further localized to a significantly greater incidence 
of monozygotic but not dizygotic twins.!? Kenna et al.!? en- 
countered 32 twins and 1 triplet among 1,081 infants with 
cardiac malformations (multiple births occurring in 1 of 36 
pregnancies), but they reported a similarly large incidence of 
multiple births in their control group (1 in 32). 


Monozygotic versus dizygotic twinning: biologic 
influence on cardiac malformation: In a previously 
published series of children with cardiac malformations 
of nonspecific origin,” I did not find a significantly in- 
creased number of twins, even compensating for the 
additional 10 percent fetal and infant mortality in twins 
as compared to singleton births. However, of the 47 
pairs of twins in that study (and included in the present 
series), 25 were monozygotic and 22 were dizygotic, 
constituting a surplus of monozygotic pairs and a defi- 
ciency of dizygotic pairs as compared to the general twin 
population. In the present study I found 111 twins 
among approximately 7,000 children with significant 
cardiac malformations (1 in 63), and I assumed that 
some cases had probably been missed in earlier years, 
thus partially accounting for the less than 1 in 50 figure 
that twins represent in the newborn population, or the 
1 in 55 figure after the neonatal period. Of the 111 twins, 
43 (counting the conjoined twins as 2) were seen among 
approximately 2,000 children in the most recent 8 year 
period of observation (a ratio of 1 in 47), and included 
24 monozygotic pairs (16 females), with one of the two 
concordant pairs being female, 14 dizygotic pairs (5 
females) and 3 of unknown zygosity but of the same sex 
(2 females). The percentage of monozygotic twins 
among those of known zygosity was 63.2, and the per- 
cent of affected females was 55.8, values similar to those 
of the overall series cited earlier. Among 2,000 children 
one would have expected 12 monozygotic (MZ) pairs 
and 24 dizygotic (DZ) pairs of twins, based on the 1 in 
55 incidence of twins in persons after the neonatal pe- 
riod and the usual 1:2 ratio for MZ:DZ twin pairs in the 
population. 

The excess of monozygotic twins and the deficiency 
of dizygotic twins in the present study point to an in- 
crease in incidence of cardiac malformations in mono- 
zygotic twins and a possible decrease in incidence in 
dizygotic twins compared with the incidence in single- 
tons. This could be due to a common factor predisposing 
to both monozygotic twinning and cardiac malforma- 
tions or to a predisposing effect of monozygotic twinning 
itself on the incidence of cardiac malformations, and a 
possible protective mechanism in dizygotic twinning. 
However, the data in this study and those of others are 
not sufficient for fully evaluating the biologic influence 
of twinning on the incidence of cardiac malformations. 
Incidentally, if monozygotic twinning itself predisposes 
to cardiac malformations, there will be a consequent 
increase in concordance rate in monozygotic twins. 

'The absence of any cases of Down's syndrome ap- 
pears significant and correlates with the small incidence 
of Down's syndrome in same sex twins observed by 


> ^d FA 
a TPA Ly 


£i TA 


-© CARDIAC MALFORMATION IN TWINS—ANDERSON 


others. Perhaps this is related in some way to the very 
high intrauterine mortality rate of trisomy 21 concepti 
postulated by Creasy and Crolla.?? 

Triplets and cardiac malformation: The findings 
of two triplets in the present series is in accord with 
Hellin's law. Thus, triplet births occur approximately 
once in 10,000 births (the square of the 0.01 incidence 
of twinning), and therefore should be seen in the ratio 
of one triplet for every 67 twins. This statistical relation 
has been altered in recent years by the use of fertility 
drugs. Triplets with cardiac malformations have been 
described by others.19.24.25 

Heritability and concordance estimates: In 
studying the causation of congenital cardiac malfor- 
mations it is important to avoid lumping the 10 to 20 
percent of patients with malformations due to specific 
gene, chromosomal or environmental factors with those 
of nonspecific origin that are generally categorized as 
being of multifactorial inheritance, recognizing that this- 
distinction can never be absolute. This is similarly im- 
portant in the study of twins. Thus, the rate of concor- 
dance would be expected to be very high in monozygotic 
twins when single gene or chromosomal defects are in- 
volved, and in both types of twins when potent envi- 
ronmental factors are involved. Only for those of non- 
specific causation is it justified to use the multifactorial 
inheritance concepts and statistical analyses. 

The concept of heritability of liability has been de- 
veloped for this latter group as an estimate of the rela- 
tive importance of hereditary factors as causes of dif- 
ferences in incidence and has been based on the inci- 
dence of the disease or defect in the general population 
compared with the incidence in first degree relatives of 
affected persons.?$ If heritability estimates are higher 
with sibling data than with parental or offspring data, 
then recessive alleles may be involved. Heritability es- 
timates and expected concordance values in monozy- 
gotic twins can be obtained by fitting clinical data to 
published graphs.?9?? Thus, if the overall figures for 
congenital cardiac malformations are used (incidence 
rate 0.8 percent in the general population and 2.0 to 3.0 
percent in first degree relatives), the heritability of li- 
ability value approximates 30 to 45 percent, and the 
expected concordance in monozygotic twins approxi- 
mates 5 to 8 percent. If individual defects are treated 
separately, values tend to be higher, because recurrences 
within sibships tend to be the same in 50 percent or 
more of affected persons. Thus, for atrial septal defect 
or tetralogy of Fallot, the incidence values for the spe- 
cific defect are roughly 0.08 and 1.0 to 2.0 in the general 
population and sibs, respectively, giving heritability 
estimates of 50 to 75 percent and expected concordance 
values of 8 to 18 percent. If the data published by Nora 
et al.? are used, the higher of these calculated heritabi- 
lity and concordance estimates will be obtained because 
their reported values in siblings were about double those 
that I have reported.? The 6.8 to 8.2 percent concor- 
dance rate for monozygotic twins found in the present 
study fits well the expectations based on the observed 
incidence of cardiac malformations in siblings of pa- 
tients at this hospital,? and is similar to the lower con- 
cordance values reported by others, with two excep- 
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tions.9?! As emphasized by Smith,?? a low concordance 
rate in monozygotic twins cannot be taken to prove that 
genetic factors are not important in the predisposition 
to a disease, and a high concordance rate may indicate 
that common environmental factors are important. 

In the present study, the five concordant pairs of 
monozygotic twins were concordant for specific cardiac 
defects, although in two instances an additional cardiac 
malformation was present in one twin. In contrast, the 
one concordant dizygotic pair had different cardiac 
defects. The six pairs of concordant monozygotic twins 
reported by Nora et al. were also concordant for specific 
cardiac defects, and in two of them, one member also 
had an additional cardiac defect. This high concordance 
rate for cardiac malformation specificity in monozygotic 
twins compared with dizygotic twins or siblings suggests 
that combinations of predisposing genetic and envi- 
ronmental factors have a more specific effect when 
present in individual subjects of identical genotype. 

Possible limitations of study: This study can be 
criticized for the failure to verify zygosity by birth 
membrane features, blood types or other genetic 
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markers. However, questionnaire information alone has 
been sufficient to identify zygosity with more than 90 
percent accuracy in 95 percent of a series of twins of high 
school age, and errors in the clinical determination of 
zygosity usually involved monozygotic twins who were 
classified as dizygotic.?? Also, it would appear easier to 
evaluate significant physical characteristics in the child, 
as in this study, than in adults or young infants. Even 
assuming that the zygosity of some cases of same-sex 
twin pairs was in error, the results would not be appre- 
ciably altered in view of the very few concordant cases 
encountered in the entire series. Our twin material may 
be judged atypical in view of the large incidence of fe- 
males and the relatively low birth weight. Also, because 
the probands were not identified as newborns, the time 
factor may have resulted in some bias against the more 
severely affected individual subjects. No attempt was 
made to ascertain the subtypes of monozygotic twin- 
ning, but this would be important to do in any future 
studies, to define better the relations of twinning to 
cardiac malformations and the role of environmental 
and genetic factors. 
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A comparison is made of electron microscopic findings in operatively 
resected crista supraventricularis muscle from 11 patients aged 1 to 5 
years (Group 1) and from 8 patients aged 30 to 53 years (Group 2) with 
congenital heart disease associated with muscular obstruction to right 
ventricular outflow. Of the 11 patients in Group 1, none had cardiac failure 
or arrhythmias preoperatively; 2 patients died after operation, both of 
consequences of unrelieved right ventricular hypertension, and the others 
did well postoperatively. In contrast, five of the eight patients in Group 
2 had right ventricular failure preoperatively; three had clinically significant 
arrhythmias and three died after operation (two of low cardiac output and 
one of arrhythmias). Changes of hypertrophy (cells over 20 yu in diameter, 
lobulated nuclei, multiple intercalated discs, dilated T tubules and in- 
creased numbers of ribosomes) were present in both groups but were 
more prominent in the older patients. Marked interstitial fibrosis, cellular 
atrophy, myofibrillar disorganization, myelin figures, myofibrillar lysis, 
proliferation of smooth endoplasmic reticulum, lipid deposition, spherical 
microparticles associated with the plasma membranes of the muscle cells, 
intracytoplasmic junctions and thickening of the basal laminae of the 
muscle cells were entirely absent in the younger patients, although 
common in the patients over 30 years old. Other changes common in 
Group 2 (cellular disorganization, intramitochondrial glycogen and ab- 
normal Z bands) were infrequent in Group 1. The relation of these mor- 
phologic alterations to right ventricular failure and arrhythmias are dis- 
cussed. Ultrastructural changes of severe degeneration in the patients 
over 30 years old reflect the stresses of prolonged right ventricular hy- 
pertrophy and hypoxia and correlate with clinical cardiac dysfunction. 


Exceptional patients with tetralogy of Fallot may survive to middle age 
without surgical treatment.! The average age at death of untreated pa- 
tients with this disease is 12 years.?? Even patients who have received 
subclavian to pulmonary arterial anastomoses may have a 50 percent . 
mortality rate in 20 to 28 years after these palliative operations.* © Al- 
though successful total correction of tetralogy of Fallot can be accom- 
plished in patients over the age of 30 years, the perioperative and late 
mortality rates of such patients are high, in the range of 10 to 20 per- 
cent.7-1? Because of the importance of the problem of myocardial dys- 
function in congenital heart disease, and because we have found de- 
generated cardiac muscle cells in patients with hypertrophic cardio- 
myopathy and aortic valve disease,'*-!’ we compared the ultrastructural 
changes in operatively resected crista supraventricularis muscle from 
two groups of patients with tetralogy of Fallot and other congenital heart 
diseases associated with muscular obstruction to right ventricular out- 
flow. One group was composed of patients less than 6 years old, the other 
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MYOCARDIAL DEGENERATION IN CONGENITAL HEART DISEASE—JONES AND FERRANS 


of patients older than 30 years. The purpose of this 
study was to identify certain morphologic characteris- 
tics that may be related to the myocardial dysfunction 
causing an unsatisfactory clinical course postoperatively 
in patients with congenital long-term right ventricular 
hypertrophy and hypoxia. 


Patients Studied 


Group 1: The clinical and hemodynamic data for the 11 
patients less than 6 years old are shown in Table I. Diagnoses 
in these patients included tetralogy of Fallot (seven patients), 
ventricular septal defect with infundibular pulmonary stenosis 
(three patients) and infundibular and valvular pulmonary 





FIGURE 1 (top). Case 2. Light micrograph of 
crista supraventricularis muscle of a 2 year old girl 
with tetralogy of Fallot. The cardiac muscle cells 
are mildly hypertrophied (up to 20 u in diameter), 
cylindrical in shape, regular in orientation and 
connected end to end. Cellular degeneration or 
interstitial fibrosis is not evident. Semithin (0.5 u 
thick) section of Maraglas®-embedded tissue 
stained with toluidine blue (X 1,000, reduced by 18 
percent). 


FIGURE 2 (center). Case 2. Electron micrograph 
of same tissue. The cardiac muscle cell is binu- 
cleated and has a maximal diameter of 17 u. The 
myofibrils and sarcomeres are intact, arranged in 
parallel and separated by regularly arranged mi- 
tochondria. Occasional lipofuscin granules are 
present. (X4,450, reduced by 18 percent.) 


FIGURE 3 (bottom). Case 12. Light micrograph 
of area of marked interstitial fibrosis in crista su- 
praventricularis of a 30 year old woman with te- 
tralogy of Fallot. The cardiac muscle cells are 
disorganized and show a loss of intercellular 
contacts. Myofibrils in the stellate-shaped cell 
(arrowheads) course irregularly at divergent an- 
gles. (X400, reduced by 18 percent.) 


stenosis with an atrial septal defect (one patient). Only one 
patient (Case 7) had had a previous systemic to pulmonary 
arterial shunt. Clinical cyanosis was apparent in seven pa- 
tients, including four who had hypercyanotic spells. None of 
these patients had clinical signs of heart failure. Hematocrit 
over 50 percent was found in four patients and peripheral 
arterial oxygen desaturation (PaO» less than 90 percent) in 
five patients. Right ventricular systolic pressure was at sys- 
temic arterial levels in all patients; right ventricular end- 
diastolic pressures ranged from 1 to 10 mm Hg (average 6 mm 
Hg). Two patients (Cases 2 and 5) died postoperatively of low 
cardiac output that was related to persistent right ventricular 
systolic hypertension. Patient 5 also had a small left ventricle. 
None of the nine surviving young patients have had arrhyth- 
mias or persistent signs or symptoms of right heart failure. 


GU se 


, d f " er =} 
ZIP bip wees 


Ti 


FFT 
de : 3 2 ms ' d LS 
$ OE dun des AAAs g 


June 1977 The American Journal of CARDIOLOGY Volume 39 1053 





ae ee CS a TEN Wb s s RS ^ac. Ld au 
mel We ie ee » ix 2 = ae a 
GENERATION IN CONGENITAL HEART DIS 


Group 2: Clinical and hemodynamic data for the eight 
patients aged 30 or more years are shown in Table I. Diagnoses 
included tetralogy of Fallot (six patients), supracristal ven- 
tricular septal defect and valvular and infundibular pulmo- 
nary stenosis (one patient) and valvular plus infundibular 
pulmonary stenosis and an atrial septal defect (one patient). 
Four patients had had a Blalock-Taussig anastomosis (sub- 
clavian to pulmonary artery); two patients had had a Potts’ 
anastomosis (pulmonary artery to descending aorta). All pa- 
tients but one (Case 17) had moderately or severely limited 
exercise tolerance; five patients (Cases 12, 14 to 16 and 18) had 
signs and symptoms of right heart failure preoperatively. 
Preoperative clinical findings included cyanosis at rest in 
seven patients; Patient 17 was acyanotic. Hematocrit exceeded 
50 percent in five patients. Peripheral arterial oxygen de- 
saturation occurred in six patients (Cases 13 to 16, 18 and 19). 
Right ventricular systolic pressure was equal to systemic ar- 
terial systolic pressure in all but one patient (Case 16) in whom 
it was suprasystemic (170 mm Hg). Right ventricular end- 
diastolic pressures ranged from 5 to 15 mm Hg (average 8 mm 
Hg). Preoperative pulmonary arterial pressures ranged from 
.15 to 28 mm Hg systolic and from 8 to 13 mm Hg diastolic. 
Five patients (Cases 13, 15, 16, 18 and 19) had a low cardiac 
output state postoperatively, requiring pharmacologic ino- 
tropic support for more than 24 hours; two of these patients 
died (Cases 18 and 19). One patient (Case 16) had persistent 
symptoms of right heart failure 6 months after operation. 

All eight adult patients had their operative correction 
evaluated with intraoperative hemodynamic measurements 
(Patients 13, 14, 15 and 19), postoperative cardiac catheter- 
ization (Patients 12, 16 and 17) or necropsy examination 
(Patients 18 and 19). These studies showed no evidence of 
significant unrelieved outflow tract obstruction, significant 


TABLE Il 


residual shunts or pulmonary arteriolar hypertension. Nec- 
ropsy in Patient 19, who died 48 hours postoperatively, dis- 
closed extensive interstitial and replacement fibrosis of 
myocardium; necropsy in Patient 18, who died after a pro- 
tracted postoperative course (2 weeks), showed myocardial 
fibrosis and right and left ventricular subendocardial necrosis. 
Patient 15 had irreversible and eventually fatal brain damage 
after an arrhythmia that occurred several days after operation; 
necropsy was not performed in this patient. Patient 12 had 
frequent ventricular premature contractions 6 months after 
operation, persisting as ventricular bigeminy 3 years later; and 
Patient 13 had recurrent tachyarrhythmias in the postoper- 
ative period. 


Materials and Methods 


Portions of crista supraventricularis muscle were obtained 
from each patient at the time of correction of the anomaly at 
the National Heart, Lung, and Blood Institute (8 patients) and 
the Johns Hopkins Hospital (11 patients). Operations were 
performed between 1971 and 1975. All operations were per- 
formed with cardiopulmonary bypass and core hypothermia 
of 20° to 30°C. Tissue from the parietal band of the crista 
supraventricularis was immediately minced into 1 to 2 mm 
pieces in cold buffered glutaraldehyde and fixed in this solu- 
tion for 12 hours. Postfixation processing included 2 hours in 
cold 1 percent osmium tetroxide in Millonig's phosphate 
buffer, dehydration in ethanol and propylene oxide and em- 
bedding in Maraglas®.!8 Five to 20 blocks of tissue from each 
patient was sectioned at a thickness of 1 u and stained with 
alkaline toluidine blue. Light microscopic evaluation of these | 
sections was used to estimate transverse cell diameter and to 
select specimens for ultrathin sectioning for electron mi- 
croscopy. Other portions of the tissue were fixed in formalin, 
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Myofib- Lipid 
Cell Cell rillar Z Band  Myofib- SR Intracyto- Accu- 
Case Transverse Disorga- Disorga- Abnor- rillar Myelin Prolif- Thick plasmic mula- 
no. Diameter (u) Fibrosis nization nization mality Lysis Figures eration IMG BM Junctions tion SMP 
Group 1 
1 10—15 0 0 0 0 0 0 0 0 0 0 0 0 
2 10—15 0 0 0 0 0 0 0 0 0 0 0 0 
3 10—20 0 0 0 0 0 0 0 0 0 0 0 0 
4 10—15 0 0 0 0 0 0 0 0 0 0 0 0 
5 10—20 0 0 0 0 0 0 0 0 0 0 0 0 
6 10—20 0 0 0 0 0 0 0 0 * 0 oJ 0 
7 15—25 0 * 0 0 0 0 0 0 0 0 0 0 
8 10—35 + 0 0 0 0 0 0 O 0 0 0 0 
DR 20—40 0 0 0 0 0 0 0 * 0 0 0 0 
10 8—15 0 0 0 0 0 0 0 0 0 0 0 0 
11 10—20 0 0 0 * 0 0 0 0 0 0 0 0 
Total 1 1 0 1 0 0 0 1 1 0 0 0 
CS Mu Metis SRR aie Uus. ce TEL 2 EC IIO S RERO, To RE REIN SIUE VILI EFC TT Ae NES E Soe L| JEEP SENSE T. mE AE MU 0l Slats s RE 
Group 2 
12 15—40 * * * * * 0 0 + 0 0 0 + 
13 20—50 F 0 0 + e+ + + 0 0 JB 0 * 
14 20—50 + 0 0 + + + + + 0 t * + 
15 20—50 + 0 0 * * * * 0 0 0 0 * 
16 30—50 + + + + + + + + + + O0 + 
17 30—50 + 0 0 * * * 0 0 0 0 .0 0 
18 15—60 * 0 0 * * 0 * 0 0 O f + 
19 20—30 + + + + + + + + + 0 + + 
Total 8 3 3 8 8 6 6 4 2 3 3 7 
+ = finding present; O = finding absent; — = data not available; BM = basement membrane; IMG = intramitochondrial glycogen; SMP = spheri- 
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embedded in paraffin and stained with hematoxylin-eosin and 
Masson's trichrome stain for estimation of the extent of in- 
terstitial fibrosis. Ultrathin sections were stained with lead 
citrate! and uranyl acetate and examined with an RCA 
EMU-3G or a JEOL 100B electron microscope. Details of 
procedures employed for light and electron microscopic 


evaluation of tissue changes have been described previous- 
ly. 20,21 


Morphologic Findings 


Representative light and electron micrographs of 
myocardium from the group of infants and children are 
shown in Figures 1 and 2. Transverse cardiac muscle cell 
diameters in these patients ranged from 10 to 40 u, but 
most cells had a diameter of 10 to 20 u. The transverse 


FIGURE 4 (top). Case 19. Electron micrograph of 
degenerated cardiac muscle cells from a 33 year 
old man with tetralogy of Fallot. The normal 
myofibrillar structure has been completely lost, 
and the cells contain large lipid droplets, vesicles 
of sarcoplasmic reticulum, masses of Z band 
material, glycogen particles and actin filaments. 
Electron-dense lamellae are present at the pe- 
riphery of the lipid droplets. (X 16,000, reduced by 
18 percent.) 


FIGURE 5 (center). Case 16. Portion of a muscle 
cell from a 36 year old man with valvular and in- 
fundibular pulmonary stenosis and an atrial septal 
defect. The cell contains numerous myelin figures 
(M), residual bodies (R) of lysosomal origin and 
deposits of intramitochondrial glycogen (IMG). 
Extramitochondrial glycogen and myofibrils are 
normal. (X27,000, reduced by 18 percent.) 


FIGURE 6 (bottom). Case 16. Portions of three 
severely degenerated cardiac muscle cells (A, B 
and C) from the same patient. The cytoplasm of 
each cell is almost completely filled with residual 
bodies (R). The involved cells are identified as 
cardiac muscle cells because they form inter- 
cellular junctions (arrowheads) with an adjacent 
clearly recognizable cardiac muscle cell. (X7,650, 
reduced by 18 percent.) 
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diameters of cardiac muscle cells from the group of 
patients over 30 years old were larger (mostly 20 to 40 
u and ranging up to 70 4). In addition, foci of atrophic 
cells (less than 10 u in diameter) were observed in the 
older patients. The ultrastructure of these cells will be 
described next. Microscopic changes of hypertrophy, 
that is, cells more than 20 u in diameter, lobulated nu- 
clei, multiple intercalated discs, dilated T tubules and 
increased numbers of ribosomes were present in all 
patients but were especially prominent in the adults. 
These changes associated with cardiac muscle hyper- 
trophy have been described and discussed in other 
publications from our laboratory.1416.17,20-25 
Degenerated cardiac muscle cells were not present in 
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tissues from the patients less than 6 years old but were 
common in the tissues of adults. The morphologic 
findings in each patient are presented in Table IT. The 
degenerative changes in the adult patients with mus- 
cular obstruction to the right ventricular outflow in- 
cluded (1) disorganization of cells and myofibrils, (2) 
glycogen abnormalities, (3) accumulations of lipid 
vacuoles and myelin figures, (4) loss of contractile ele- 
ments, (5) abnormalities of Z band material, (6) dila- 
tation and proliferation of the sarcoplasmic reticulum, 
(7) various alterations related to dissociation of muscle 
cells, (8) cardiac muscle cell atrophy, and (9) interstitial 
changes. A description of these degenerative changes 
follows. 


Disorganization of cells and myofibrils: Three of the 
eight patients over age 30 (Cases 12, 16 and 19) had foci of 
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cellular and myofibrillar disorganization (Fig. 3). Whereas 
normal myocardium consists of an orderly arrangement of 
bundles of cylindrical cardiac muscle cells oriented with their 
longitudinal axes in parallel and connected end to end by in- 
tercalated discs, cells in areas of disorganization were ran- 
domly arranged, stellate in shape and irregularly connected 
to each other. Such disorganization was qualitatively identical 
to that described in hypertrophic cardiomyopathy2?:”5 al- 
though much less extensively distributed. Disorganization of 
myofibrils and sarcomeres within cardiac muscle cells oc- 
curred in the same areas that showed cellular disorganization. 
These cells were usually located in areas of interstitial fibrosis 
(Fig. 3). 

Lipid vacuoles and myelin figures: Three patients (Cases 
14, 18 and 19) had myocardial cells containing large spherical 
lipid vacuoles measuring from 0.5 to 2.0 u in diameter (Fig. 4). 
Such cells usually showed morphologic signs of degeneration, 
such as myofibrillar lysis, as will be described. The vacuoles 


FIGURE 7 (top). Case 16. Light micrograph of 
tissue from the same patient as in Figures 5 and 
6. The cardiac muscle cells are hypertrophied (30 
to 40 u in diameter). Many of the cells have lost 
contact with adjacent cells, from which they are 
separated by dense fibrous tissue. Atrophied 
pale-staining cardiac muscle cells are indicated 
by arrowheads. (X400, reduced by 18 per- 
cent.) 


FIGURE 8 (bottom). Case 16. Light micrograph 
of pale-staining degenerated cardiac muscle cells 
(arrowheads) from the same patient shows loss 
of striations and reduced numbers of myofibrils 
indicating myofibrillar lysis (compare with Figures 
9 to 11). This cell has lost its connections with 
adjacent cardiac muscle cells and is surrounded 
by fibrous tissue and by several blood vessels. 
(X400, reduced by 18 percent.) 
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contained a homogeneous structureless material of moderate 
electron density that was consistent morphologically with 
neutral lipid. The lipid vacuoles were frequently surrounded 
by layers of electron-dense material. Cardiac muscle cells from 
six patients contained large numbers of myelin figures com- 
posed of electron-dense concentrically arranged lamellae (Fig. 
5). Cells containing large numbers of myelin figures were easily 
identified on light microscopic study. Areas of myelin figure 
degeneration varied considerably. Some cells had only peri- 
nuclear foci containing myelin figures, 0.1 to 0.5 u in diameter, 
that consisted of 4 to 5 lamellae; in other cells most of the 
contractile elements had been lost and the cytoplasm was 
filled with myelin figures measuring up to 2 u in diameter. 
Myelin figures were often associated with lysosomes, lipo- 
fuscin granules, disrupted mitochondria and residual bodies 
(Fig. 6). 


FIGURE 9 (top). Case 18. Electron micrograph of 
fibroblast (F) and atrophied cardiac muscle cells 
from a 45 year old woman with tetralogy of Fallot. 
These cells are isolated by fibrous tissue and have 
lost virtually all their contractile components. A 
small junction (arrowheads) still connects two of 
these cells. (X9,600, reduced by 18 percent.) 


FIGURE 10 (bottom). Case 18. View at greater 
magnification of a cardiac muscle cell from the 
same patient. Myofibrillar lysis is apparent, with 
disruption of sarcomeric structure, selectively 
greater loss of thick (myosin) filaments and bizarre 
accumulations of Z band material (Z). Glycogen 
granules are preserved, and the basement mem- 
brane is thickened. Note the clusters of connective 
tissue microfibrils in the interstitium. (X 16,000, 
reduced by 18 percent.) 
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Glycogen abnormalities: Glycogen granules in the eight 


older patients had a diameter of 160 to 360 A and were of the - 


beta or monoparticulate type. All eight patients had occasional 
cells with large masses of glycogen. Four of the eight had in- 
tramitochondrial glycogen deposits that were located within 
the outer (intracristal) mitochondrial compartment (Fig. 5) 
and conformed to criteria outlined previously.?^ In these four 
patients the number of mitochondria containing glycogen was 
small. 





Loss of contractile elements and Z band substance . | 


abnormalities: Certain cardiac muscle cells, which usually 
were atrophic in size and appeared pale on light microscopy, 
showed disruption or loss of the normal structure of sarcom- 
eres (Fig. 7 to 9). These cells frequently were isolated and lo- 
cated adjacent to areas of interstitial fibrosis. The sarcomeric 


alterations were manifested by lysis of both thick and thin 








myofilaments, but usually with preferential loss of the thick 
myofilaments (Fig. 9 to 11). This lysis of myofibrils was ac- 
companied by masses of Z band material arranged in 


streaming or clumping patterns. Rarely the accumulations of 


_Z band substance showed a crystalline substructure. The 


ence of tangled masses of filaments, 100 


myofibrillar lysis was also associated (Fig. 11) with the pres- 
À in diameter, be- 


 lieved to be cytoskeletal in function.?6 These cells with loss 
of contractile elements were distinguishable from frankly 
-necrotic cardiac muscle cells by the preservation of other 


cellular organelles, such as mitochondria, glycogen particles, 


. nuclei and sarcolemma. T tubules in cells with myofibrillar 
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lysis were decreased in size, number and depth of intracellular 
penetration. | 
Dilatation and proliferation of sarcoplasmic reticulum: 


. Another population of cardiac muscle cells that appeared pale 
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and nonstriated on light microscopy contained networks of 
tubules that almost entirely filled the sarcoplasm (Fig. 12). 
These cells also showed myofibrillar disorganization and loss 
of contractile elements. Filling the cytoplasmic spaces from 
which myofilaments had disappeared were dilated and pro- 
liferating tubular and vesicular components of smooth en- 
doplasmic reticulum. In one patient some of these components 
were aggregated into groups of tubules that measured from 
500 to 1,000 A in diameter and showed a hexagonal arrange- 
ment. The ultrastructure of these aggregates has been de- 
scribed in detail elsewhere.’ Because of the morphologic 
preservation of structures (such as mitochondria, glycogen 
granules, nuclear chromatin) that usually are damaged by 
acute insults, these changes were considered chronic. - 
Cardiac muscle cell atrophy: Cellular atrophy, as defined 
by transverse cell diameters of less than 5 u, accompanied the 


FIGURE 11 (top). Case 18. Electron micrograph 
of cardiac muscle cell from the same patient as 
in Figures 9 and 10. This area of myofibrillar lysis 
shows preferential loss of myosin filaments, 
leaving randomly arranged actin filaments, dis- 
organized 100 À cytoskeletal filaments and 
masses of Z band material (Z). The Z band mate- 
rial has a highly ordered substructure. (X 76,000, 
reduced by 18 percent.) 


FIGURE 12 (bottom). Case 16. Electron micro- 
graph of myocardial tissue from the same patient 
as in Figures 5 to 8. The portion of the cell shown 
is identified as a cardiac muscle cell by the pres- 
ence of intercellular junctions with adjacent car- 
diac muscle cells (arrowheads). The sarcoplasm 
is filled by glycogen particles and tubular and ve- 
sicular components of sarcoplasmic reticulum. 
Remnants of myofibrils, in the form of disorga- 
nized actin filaments and Z band material, occupy 
the periphery of the cell. (X25,000, reduced by 18 
percent.) 
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subcellular degenerative changes described. On light mi- 
croscopy atrophic cells were identified as cardiac muscle cells 
only with difficulty (Fig. 7 and 8). Although atrophied and 
hypertrophied cells could be found in the same areas of tissue, 
the atrophied cells usually were surrounded by variable 
amounts of fibrous connective tissue. The ends of these iso- 
lated cells had finger-like projections that extended into the 
interstitium, suggesting that intercellular connections had 
been lost from previously adjacent cardiac muscle cells (Fig. 
13). Spherical microparticles, composed of central dense cores 
surrounded by single trilaminar membranes (Fig. 13), were 
found in close relation to the basement membranes and outer 
surfaces of the plasma membranes of muscle cells in seven of 


FIGURE 13.Case 19. Electron micrograph of the 
terminal portion of a cardiac muscle cell from the 
same patient as in Figure 4. Finger-like sarco- 
lemmal projections extend into the interstitium, 
suggesting that contact with a once adjacent cell 
has been lost. Masses of Z band material (Z) occur 
in regions of disorganized sarcomeres at the tips 
of the cell. Two intracytoplasmic junctions, that 
is, junctions between different parts of the sar- 
colemma of the same cell, are present in these 
tips (arrowheads). Clusters of spherical micro- 
particles (SMP), representing remodeling of the 
cell surface, are present in several areas of the 
interstitium. The interstitium is composed primarily 
of microfibrils, ground substance and basement 
membrane material; mature collagen fibrils are 
few. A portion of an atrophied cardiac muscle cell 
is shown in the lower left corner. (X 15,000, re- 
duced by 18 percent.) 
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the eight older patients. Such particles, which were not found 
in tissues from any of the younger patients, are considered to 
result from a form of shedding of plasma membranes in areas 
of remodeling of the surfaces of cardiac muscle cells.?° Isolated 
cells often contained intracytoplasmic junctions (Fig. 13) with 
characteristics similar to those described by Buja et al.?? Some 
isolated small cells were morphologically normal, except for 
their size, showing no subcellular degenerative changes. 
Interstitial changes: Foci of interstitial fibrosis were 
present in all eight adult patients, usually in proximity to 
atrophic disorganized or degenerated cells. Deposits of mature 
collagen bundles, microfibrils and ground substance separated 
adjacent cardiac muscle cells so as to indicate interstitial tissue 
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replacement of areas vacated by lysed cells. Some areas con- 
tained dense bundles of mature collagen fibers (Fig. 8). In 
other areas the interstitial tissue elements appeared imma- 
ture, being composed of small caliber collagen fibers, micro- 
fibrils and large amounts of ground substance (Fig. 13). Thus, 
in many areas the interstitial proliferation or replacement of 
working myocardial cells was not primarily due to deposition 
of mature collagen. Capillaries in regions of interstitial fibrosis 
were generally decreased in number. Occasional cardiac 
muscle cells in Patients 16 and 19 had greatly thickened basal 
laminas (Fig. 10 and 13). 


Discussion 


Myocardial dysfunction in congenital heart 
disease: Considerable interest has been generated 
concerning the “myocardial factor” in patients with 
surgically correctable heart disease.90-4^ Only too 
commonly patients undergo successful operative cor- 
rection of their anatomic lesions but fail to obtain 
functionally satisfactory results because of poor myo- 
cardial function, arrhythmias or inadequately explained 
sudden death. Although this problem has been recog- 
nized mainly in patients with valvular heart disease,2°-87 
it also occurs in patients with congenital heart dis- 
ease.?25-45 Higgins and Mulder? found congestive heart 
failure in more than one third of cyanotic and acyanotic 
patients with tetralogy of Fallot surviving without op- 
erative correction to the third decade of life. McIntosh 
and Cohen?? described a 36 year old patient who had 
grossly impaired cardiac function 6 years after satis- 
factory relief of pulmonary stenosis. Epstein et al.?9 
found low right ventricular outflow gradients and de- 
creased cardiac output at rest, as well as abnormal he- 
modynamic responses to exercise, in 10 patients who 
were asymptomatic after total correction of tetralogy 
of Fallot. Pouleur et al.*? also noted depression of right 
ventricular function in patients undergoing hemody- 
namic evaluation after correction of tetralogy of Fallot. 
Graham?! has recently reviewed the problem of ab- 
normal myocardial performance and particularly of the 
adequacy of left ventricular function after corrective 
operations for congenital heart diseases, including te- 
tralogy of Fallot. Unfortunately, techniques for the 
hemodynamic evaluation of right ventricular function 
are not generally in use; however, Jarmakani et al.45 
recently studied right ventricular end-diastolic volume, 
ejection fraction and systolic output in patients with 
tetralogy, finding evidence for impaired right ventric- 
ular function and abnormal right ventricular compli- 
ance. It is evident from these studies that myocardial 
dysfunction eventually develops in certain patients with 
congenital heart disease and that such dysfunction may 
not be reversible upon operative correction of the de- 
fect. 

In investigating the causes of poor myocardial func- 
tion in patients who have had complete operative cor- 
rection of congenital heart disease, one must consider 
the possibility that it is a result of irreversible damage 
or degeneration suffered by hypertrophied myocardium 
is a consequence of the long-standing abnormal he- 
modynamic burden. These changes would correspond 
to those observed in animal hearts in the third stage of 
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cardiac hypertrophy or the stage of “cellular exhaus- 
tion" according to Meerson et al.46-48 No systematic 
morphologic assessment has been made of cardiac cel- 
lular damage or degeneration in patients with congenital 
heart disease although several limited descriptions of 
such changes have appeared (see Jones et al.29 for re- 
view). Studies from our laboratory!^-!7 have shown that 
severe degenerative changes develop in the late stages 
of left ventricular hypertrophy in patients with valve 
disease and in patients with hypertrophic cardiomy- 
opathy. Nevertheless, it is difficult to generalize from 
these studies because of the question of the contribution 
of the rheumatic process to myocardial damage in pa- 
tients with valve disease and because of the bizarre type 
of hypertrophy that occurs in hypertrophic cardiomy- 
opathy. Furthermore, these studies have not provided 
an opportunity to compare cardiac morphologic changes 
in patients with lesions that are basically similar except 
for their duration. Our present study, comparing the 
characteristics of myocardium from patients subjected 
to similar hemodynamic stresses either for less than 6 
years or for more than 30 years, allows certain conclu- 
sions to be made with respect to structural and func- 
tional changes resulting from the late stages of hyper- 
trophy in cyanotic congenital heart disease. 
Comparison of patients less than 6 years old with 
those over 30 years old: Our two groups of patients 
were drawn from a series of more than 100 patients with 
congenital heart anomalies in whom we have studied the 
ultrastructural morphology of operatively resected right 
ventricular muscle during the past 5 years. These two 
groups represent the extremes of age (less than 6 years 
and more than 30 years) and of morphologic alterations 
in all of the patients, None of the 11 patients less than 
6 years old had cardiac failure or arrhythmias preop- 
eratively; two of these patients (Cases 2 and 5) died 
during the postoperative period, but their deaths were 
attributable to unrelieved right ventricular hyperten- 
sion (as determined with intraoperative pressure mea- 
surements). In contrast, five of the eight patients more 
than 30 years old had right ventricular failure preop- 
eratively, and three died after operation (two of low 
cardiac output and one of arrhythmias); two of the 
survivors had a low cardiac output state preoperatively, 
and two others had persistent ventricular arrhythmias. 
Thus, only one of the eight patients over age 30 was 
completely free of clinical cardiac difficulties; this pa- 
tient had the least severe degenerative changes in the 
group of older patients. No patients under 6 who sur- 
vived operation had these clinical difficulties. Virtually 
no degenerative changes were present in the myocar- 
dium of patients less than 6 years old. Markedly hy- 
pertrophic cells, atrophic cells, myofibrillar disorgani- 
zation, fibrosis, abnormalities of Z band substance, 
myofibrillar lysis, myelin figure degeneration, sarco- 
plasmic reticulum proliferation, increased thickness of 
the basal laminae of cardiac muscle cells, clusters of 
spherical microparticles associated with plasma mem- 
branes and intracytoplasmic junctions were common 
in biopsy specimens from patients over 30 years old 
(Table II). For reasons presented in detail elsewhere, !® 
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we consider these changes degenerative rather than 
manifestations of the growth processes occurring in 
early myocardial hypertrophy. 

Our present state of knowledge makes it impossible 
to relate directly an unsatisfactory clinical postoperative 
course (development of low cardiac output state, chronic 
right ventricular failure and arrhythmias) to specific 
myocardial morphologic alterations; however, such a 
relation is suggested by the presence of disorganization 
and degeneration in the heart muscle of the adult pa- 
tients with muscular obstruction to right ventricular 
outflow. The contrasting clinical and morphologic 
findings in our two groups of patients allows the gen- 
eralization that long-term myocardial hypertrophy re- 
sults in structural abnormalities that appear to be re- 
lated to the abnormal function observed in the late 
stages of cardiac hypertrophy. 

Relation of degenerative changes to abnormal 
cardiac function: Many of the myocardial alterations 
observed in our older patients could affect cardiac 
function adversely and cause chronic right ventricular 
failure and a low cardiac output state postoperatively 
(Table III. Such deterioration of cardiac function 
would be expected to result from the superimposition 
of acute ischemic injury, caused by elective cardiac ar- 
rest, upon preexisting long-term degenerative alter- 
ations. This hypothesis is supported by the chronic 
changes, similar to those in our older patients with right 
ventricular outflow tract obstruction and congenital 
heart disease, that develop as late sequelae in dogs 
surviving aortic cross-clamping, in which the initial 
insult is ischemic.?94950 Another factor contributing to 
myocardial degeneration may have been inadequacy of 
myocardial blood supply producing a chronic state of 
relative ischemia in severely hypertrophic myocar- 
dium.®!:52 Added to the chronic ischemic insult of 
long-term hypertrophy in our adult patients is the 
problem of arterial oxygen desaturation in cyanotic 
congenital heart disease. 

The most important structural change observed in 
our study was the loss of myocardial contractile ele- 
ments and of normal myocardial cellular relations. 
These losses were usually associated with interstitial 
fibrosis. We emphasize that the degenerative changes 
described herein are quite different from changes such 
as mitochondrial disruption, glycogen depletion, edema, 
damage to sarcolemmal and nuclear membranes, con- 
traction bands and clumping of nuclear chromatin that 
are associated with acute myocardial ischemic necro- 
sis. 
The degenerative changes observed in contractile 
elements of cardiac muscle cells of patients with right 
ventricular outflow tract obstruction constitute part of 
the spectrum of alterations known to light microscopists 
as myocytolysis.53-55 They differ from those in the usual 
type of myocytolysis in that they are not associated with 
the formation of hypercontraction bands. The full ex- 
tent and variety of these myocytolytic changes can be 
appreciated only by ultrastructural evaluation.!4-! The 
overall appearance of the degenerated cells varied 
considerably depending upon the alterations in the 


TABLE III 
Morphologic Alterations That May Result in Decreased 
Myocardial Contractility t 
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Interstitial fibrosis 

Cellular and myofibrillar disorganization 
Abnormalities of Z band material 
Myofibrillar lysis 

Proliferation of sarcoplasmic reticulum 
Increased thickness of basal laminas 
Cellular atrophy 

Loss of intercellular connections 
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other organelles of the cells undergoing myofibrillar loss. 
Early or mild degenerative changes, which were ap- 

parent in normal-sized or hypertrophied cardiac muscle | 
cells, consisted of focal losses of myofilaments, with | 
proportionately greater loss of the thick (myosin) fila- - 
ments to produce an apparent increase of the thin 
(actin) myofilaments. Additional early degenerative 
changes included fragmentation of Z band material, 

focal thickening of Z bands and subsarcolemmal accu- 
mulations of Z band material. More severely affected- 
cells showed random masses of Z band material, 
markedly reduced numbers of thick filaments, disso- 
lution of the normal sarcomeric structures, and tangled | 
masses of 100 A cytoskeletal filaments. The same or 
adjacent cells often showed interconnected networks 
of tubules of smooth endoplasmic reticulum that was 
dilated or proliferated, or both. It is not known whether 
accumulations of subcellular organelles such as glyco- 
gen, sarcoplasmic reticulum, Z band substance, 100 Å 
filaments and masses of actin filaments occur because 
of accelerated synthesis or because of accelerated deg- 
radation and lysis of other organelles, producing rear- 
rangement of those that remain. 

We consider that the late severe degenerative changes 
represent the morphologic counterpart of Meerson’s 
stage of cellular exhaustion in cardiac hypertrophy. 
These changes usually appeared in normal-sized or 
atrophic cardiac muscle cells that often were in areas of 
interstitial fibrosis and showed irregular surfaces, 
variable degrees of dissociation from adjacent cells, 
marked loss of contractile elements, thickening of their 
basal laminas and formation of intracytoplasmic junc- 
tions. True T tubules in these cells were rare. Cellular 
dissociation and isolation, produced by separation from 
or loss of adjacent cells and replacement by interstitial 
tissue, promote asynergistic contraction and focally 
delayed activation due to impairment of cell to cell 
transmission of mechanical and electrical forces. The 
role of intracytoplasmic junctions with respect to in- 
tracellular contractile function and electrical events has 
not been determined, but these junctions certainly are 
manifestations of dissociation of adjacent cardiac 
muscle cells.?? Decreased myocardial contractility would 
be expected to result from derangements of the con- 
tractile apparatus, such as disorganization of sarcomeres 
and loss of myofibrils, and from dilatation and prolif- 
eration of the sarcoplasmic reticulum and loss of T tu- 
bules. 
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Relation of cellular degenerative changes to 
arrhythmias: Structural similarities between degen- 
erated cardiac muscle cells and normal cells of the car- 
diac conduction system may have relevance to the 
generation of arrhythmias in the myocardium of pa- 
tients with long-standing hypertrophy. Comparison of 
the morphologic features of degenerated cardiac muscle 
cells and normal cellular components of the cardiac 
conducting system shows that many similarities occur. 
For example, both P cells and Purkinje cells have in- 
creased amounts of sarcoplasmic reticulum and de- 
creased amounts of myofibrils and mitochondria (see 
Challice and Virágh56 for review). Purkinje cells also 
often have disorganized myofibrils and widened Z 
bands. These characteristics, which are those of cells less 
differentiated than working cardiac muscle cells, are 
also found in degenerated cardiac muscle cells. We be- 
lieve that irritability and increased automaticity, with 
a tendency to produce ectopic mechanisms, may be a 
consequence of the cellular dedifferentiation and iso- 
lation that occur in myocardial degeneration. 
Clinical implications: With the advent of modern 
safe techniques for the operative repair of congenital 
heart defects, myocardial function is becoming a most 
important factor in determining the long-term prog- 
nosis of patients with such lesions. We believe that the 
degenerative changes that occur in the late stages of 
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hypertrophy are not reversible, and that the cardiac 
muscle cells that degenerate do not contribute to the 
mechanical function of the heart and are ultimately 
replaced by noncontracting, noncompliant interstitial 
tissue components. Our observations of cells undergoing 
these processes in patients with long-term myocardial 
hypertrophy and clinically evident myocardial dys- 
function support the concept that operative correction 
of congenital heart disease should be undertaken as 
early in life as technically appropriate. These observa- 
tions also emphasize the need for providing a maximal 
degree of intraoperative myocardial protection, par- 
ticularly in older patients who are likely to have myo- 
cardial degeneration. Morphologic observations on 
operatively resected myocardium from patients with 
congenital heart disease may have a predictive value for 
immediate and long-term postoperative myocardial 
function. 
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In a patient with pseudomonas endocarditis a pulmonary regurgitant 
murmur developed. Sequential echocardiography demonstrated the initial 
absence of vegetations, the evolution of pulmonary valve vegetations with 
relapse and finally the appearance of vegetations on all cardiac valves. 
The findings were confirmed at autopsy. Echocardiography, a useful 
technique for evaluating mitral, aortic and tricuspid vegetations, can also 
detect pulmonary valve vegetations. 


The incidence of right-sided endocarditis has increased dramatically in 
recent years, especially among narcotic addicts. Although several studies 
have indicated an increased frequency of tricuspid valve involvement 
in such addicts, pulmonary valve involvement has been thought to be 
uncommon.1-* Recently, echocardiography has been helpful in detecting 
vegetations on the mitral, aortic or tricuspid valve.5-19 This case report 
describes the echocardiegraphic detection of vegetations on the posterior 
pulmonary valve leaflet, which preceded involvement of the remaining 
valves during the course of fatal recurring pseudomonas endocarditis. 


Case Report 


In a 24 year old male heroin addict development of a needle-related pseu- 
domonas cellulitis of the right arm was followed by septic pulmonary emboli in 
November 1975. Two courses of therapy were interrupted by the patient’s desire 
for premature hospital discharge. On February 16, 1976, he presented at another 
hospital with persistent chest pain, fever, anemia and a pulmonary regurgitant 
murmur not heard previously. Positive blood cultures for a Pseudomonas 
aeruginosa organism with relative resistance to gentamicin was noted. Combined 
therapy with tobramycin (7 mg/kg per day) and carbenicillin (42 g/day) was 
initiated. The chest roentgenogram was clear. An echocardiogram was reported 
as showing a normal pulmonary valve. No vegetations were noted on the three 
remaining cardiac valves. After 2 weeks the patient again left the hospital against 
medical advice. On April 5, 1976, he appeared at Cook County Hospital with 
pleuritic chest pain, hemoptysis and bilateral lower pulmonary lobe infiltrates 
and he was admitted. 

Physical examination revealed a toxic-appearing man complaining of diffuse 
myalgia. The blood pressure was 100/60 mm Hg, pulse 120 beats/min, respiratory 
rate 20/min and temperature 102° F. The conjuctivae were pale and the optical 
fundi were normal. There was no meningismus and the cervical veins were flat. 
The right lower pulmonary lobe was consolidated. The cardiac examination 
revealed a normal-sized heart with normal precordial pulsations. The first heart 
sound was normal and the second sound split physiologically. A grade 3/6 low 
frequency diastolic blowing murmur, which increased and moved away from 
aortic closure on inspiration, was noted in the pulmonary valve area. The fingers 
were clubbed but there were no petechiae, splinter hemorrhages or Osler 
nodes. | 

Pertinent initial laboratory data included hemoglobin 9.6/100 ml and white 
blood cell count 14,200. Blood and sputum cultures grew Pseudomonas aerugi- 
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FIGURE 1. Phonocardiogram revealing a low frequency diastolic murmur (DM) at the pulmonary valve area, which increased on inspiration after the 
normal pulmonary sound. CAR. = carotid pulse; E.C.G. = electrocardiogram; EXP. = expiration; INSP. = inspiration; 2 LICS and 2 RICS = 2nd 


left and right intercostal space, respectively. 


nosa. An electrocardiogram revealed sinus tachycardia. A 
phonocardiogram (Fig. 1) confirmed the auscultatory findings. 
An echocardiogram revealed normal mitral, aortic and tri- 
cuspid valves. The posterior leaflet of the pulmonary valve 
showed normal motion with granular densities throughout 
diastole suggestive of vegetations (Fig. 2, top). The pulmonary 
artery and cardiac chamber dimensions were normal. 

Administration of the prior antibiotic regimen established 
adequate bactericidal levels and serum antibiotic concen- 
trations. On the 20th hospital day, left pleuritic chest pain 
associated with a spiking fever, positive blood cultures and 
a new left upper pulmonary lobe infiltrate developed. A repeat 
echocardiogram of the posterior pulmonary valve (Fig. 2, 
center) showed a more intense shaggy density limited to early 
diastole. The remainder of the study was unchanged. Pul- 
monary valve surgery was considered, but the patient again 
left the hospital against medical advice. 

In August 1976, pseudomonas endocarditis recurred for the 
third and final time. Echocardiography (Fig. 2, bottom) re- 
vealed early diastolic nodular densities on the posterior pul- 
monary valve leaflet. The pulmonary valve now opened pre- 
maturely, suggesting the development of increased right 
ventricular diastolic pressure. Additionally, new bulky den- 
sities on the anterior tricuspid, posterior mitral and posterior 
aortic valve leaflets—highly suggestive of vegetations—were 
noted. Despite therapy, the patient subsequently died. 

At autopsy, there was gross incompetence of the pulmonary 
valve orifice with erosion of all leaflets and a healed vegetation 
(6 by 8 mm) on the posterior pulmonary valve leaflet (Fig. 3). 
Bulky vegetations on the anterior tricuspid, posterior mitral 
and noncoronary aortic valve leaflets were also observed. 
Widespread systemic and pulmonary embolization was 
noted. 


Discussion 


Successful management of bacterial endocarditis 
often depends on early recognition and the prompt in- 


stitution of therapy.!! In right-sided endocarditis, 
specifically, the frequent absence of definitive auscul- 
tatory findings?^^!? can result in obvious diagnostic 
difficulties. Several recent studies?-!? have indicated 
that echocardiographic identification of vegetations, one - 
of the main features of endocarditis, on the mitral, aortic 
and tricuspid valves has had excellent anatomic corre- 
lation. Echocardiography is therefore expected to prove 
extremely helpful in the diagnosis of endocarditis. 

In this report, we describe an unusual case of fatal 
recurring acute pseudomonas endocarditis in a narcotic 
addict who initially manifested pulmonary valve vege- 
tations that were detected with echocardiography. To 
our knowledge, this echocardiographic finding has not 
been previously reported. That these structures are 
identifiable on echocardiography is not surprising be- 
cause pseudomonas-induced vegetations, which in most 
cases average 2.5 to 20 mm in size,‘ are well within the 
range of detection with this technique. 

The sequential echocardiographic changes in the 
pulmonary valve may be interpreted as representing the 
process of healing, as suggested by Dillon et al. 
Pathologic confirmation in our case would support that 
premise. Additionally, scarred valves in patients pre- 
viously afflicted with pseudomonas endocarditis have 
shown similar nodular areas.* Thus, echocardiography, 
which has been helpful in evaluating mitral, aortic and 
tricuspid valve vegetations, can also detect pulmonary 
valve vegetations. 
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FIGURE 2. Sequential posterior pulmonary valve echocardiograms showing: granular densities (top, April 8, 1976); early diastolic intense shaggy 
densities (center, April 27, 1976); and early diastolic nodular densities with premature opening of the valve (bottom, August 4, 1976). P.A. = pulmonary 


artery. 
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FIGURE 3. Autopsy photograph of 
the pulmonary artery (PA) and valve 
from above showing erosion of all 
leaflets resulting in gross pulmonary 
incompetence. The arrow indicates the 
vegetation on the pulmonary valve 
leaflet. AO = aorta. 
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Operative relief of congenital tunnel subaortic stenosis by means of local 
incision or excision, or both, has generally been unsatisfactory. The use 
of a valve-bearing conduit between the left ventricular apex and thoracic 
aorta offers a predictable means of bypassing the left ventricular outflow 
obstruction. The procedure was used in a 17 year old girl with an excellent 
hemodynamic result. The history of operative management with diverting 
left ventricular conduits is mentioned. Precise indications for the im- 
plantation of valved conduits in this position have not been defined, but 
use of these prostheses appears advisable in severe subvalvular, valvular 
and supravalvular obstructions that are not readily amenable to predict- 
able and safe surgical palliation. The operation may prove useful in se- 
lected cases of idiopathic hypertrophic obstructive cardiomyopathy. 


Discrete subaortic stenosis! is a well recognized cause of left ventricular 
outflow tract obstruction. Additional causes include abnormalities of 
the ventricular myocardium, such as hypertrophic muscular subaortic 
stenosis, ^ and malformations of the mitral valve apparatus, such as 
abnormal mitral valve insertion in atrioventricular communis defect.?4 
Discrete subaortic stenosis has been classified into membranous, fi- 
bromuscular and tunnel subaortic stenosis. In membranous subaortic 
stenosis!-*4 a thin fibrous membrane is located a few millimeters to 
several centimeters below the aortic cusps. Obstruction in fibromuscular 
subaortic stenosis”? results from a thick rim of anomalous fibrous tissue 
that encircles and narrows the outflow tract 1 to 3 cm below the aortic 
cusps. Anteriorly, the fibrous band melds with hypertrophied muscular 
elements of the ventricular septum; posteriorly, fibrous tissue may ex- 
tend onto the aortic leaflet of the mitral valve. Hypertrophied septal 
muscle often aggravates the obstruction. 

Tunnel subaortic stenosis9-!^ is the most severe and complex form of 
discrete subaortic stenosis. The term tunnel was first used by Spencer 
et al.!? It refers to the diffuse ill defined tubular narrowing of the outflow 
tract. The narrowing is formed by anomalous fibromuscular tissue and 
may be 2 to 3 cm in length. In addition, the aortic leaflets are often 
thickened, and the aortic root may be hypoplastic. Kelly et al.” suggested 
that the various lesions described in discrete subaortic stenosis constitute 
a spectrum with membranous stenosis at one end and tunnel subaortic 
stenosis at the other. 

'The membranous variety of discrete subaortic stenosis can be resected 
with low operative risk,°-!4:!6-28 and in most instances the obstruction 
is adequately relieved. On the other hand, tunnel stenosis is often dif- 
ficult or impossible to correct with direct surgical approaches."-1? The 
primary difficulty in relieving tunnel obstruction is the diffuse nature 
of the lesion, but risk of damage to the surrounding vital structures (the 
conduction system and mitral valve) is perhaps an equally formidable 
problem. 
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Although a detailed understanding of tunnel sub- 
aortic stenosis is essential in planning and executing an 
appropriate direct surgical approach, published ana- 
tomic data on this lesion are limited. 

This report presents a case of tunnel subaortic ste- 
nosis associated with severe concentric left ventricular 
hypertrophy. The lesion was considered uncorrectable 
with conventional excisional operative techniques. 
Successful management was accomplished utilizing a 
valved conduit interposed between the left ventricular 
apex and the thoracic aorta. 


Case Report 


The patient, a 17 year old girl with severe tunnel subaortic 
stenosis, was admitted for surgical relief of the obstruction. 
She was one of twins born of an uncomplicated pregnancy and 
delivery. At age 3 years a cardiac murmur consistent with 
aortic stenosis was noted during a routine examination. Her 
twin and two older siblings were normal. Cardiac catheter- 
ization was recommended but refused by the parents. The 
patient was asymptomatic until age 6 years when exertional 
fatigue was first noted. At age 12 years she experienced a brief 
syncopal episode during physical exertion. During the next 
4 years syncopal episodes occurred twice each year. She had 
no dyspnea or angina. Neurologic evaluation was normal. 

Cardiac evaluation performed in January 1975 revealed 
a harsh systolic ejection murmur in the region of the cardiac 
apex and along the left sternal border. A second site of ac- 
centuation of the ejection murmur occurred in the aortic area, 
and the murmur radiated to the neck. There was no evidence 
of an ejection click or diastolic murmur. A chest roentgeno- 
gram was normal. The electrocardiogram revealed a pattern 
of severe left ventricular hypertrophy. Cardiac catheterization 
(Table I) demonstrated a peak systolic pressure gradient of 
95 mm Hg across the left ventricular outflow tract. Angio- 
cardiography (Fig. 1) demonstrated tunnel subaortic stenosis 
with a hypercontractile diffusely hypertrophic left ventricle. 
The aortic root did not appear hypoplastic. 

Surgery: Because conventional operative management was 
rejected on the basis of excessive risk, a left ventricular api- 
cal-descending thoracic aorta anastomosis was performed on 
January 22, 1976. A specially fabricated, composite tubular 
conduit (Hancock Laboratories, Inc., Anaheim, California) 


containing a xenograft (porcine) valve was interposed between 


the left ventricular apex and thoracic aorta (Fig. 2 and 3). 


TABLE | 


Cardiac Catheterization Data 








6 Months 
Preoperative Postoperative 
Left ventricular 200/20 138/20 
pressure (mm Hg) 
Aortic pressure 105/75 (90) 132/76 (112) 
(mm Hg) 
Cardiac index (liters/ 4.4 x Ay 
min per m?) 
Pulmonary arterial 40/20 24/7 (12) 
pressure (mm Hg) 
Left ventricle to aorta 95 6 


systolic pressure 
gradient (mm Hg) 


——— M a s À Ht —— i —— M Ó——————— 


Figures in parentheses indicate mean pressures. 
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FIGURE 1. Preoperative selective left ventricular angiocardiogram 
(lateral view, end systole). The left ventricular cavity is almost com- 
pletely obliterated because of the hypertrophy and hypercontractility 
of the myocardium. The two vertical lucencies noted in the left ven- 
tricular outflow tract (arrow) are believed to represent anomalous fi- 
brous tissue that contributed to the tubular narrowing of the subvalvular 
region. The aortic root does not appear to be hypoplastic. 





FIGURE 2. Conduit identical to the one used in our patient. The left 
ventricular apical insert (internal diameter 20 mm) is made of semirigid 
polyurethane and is internally reinforced with a helical stainless steel 
wire coil to withstand compressive forces of the contracting ventricle. 
The apical insert is curved to permit proper orientation of the distal 
tubular Dacron graft to the descending thoracic aorta. Before the apical 
insert is sutured into place, an appropriate number of soft Dacron- 
covered 0 rings are slipped over the insert to adjust its penetration 
distance into the ventricular cavity in order to establish a smooth inflow 
orifice at the junction of the insert and the ventricular endocardium. The 
metal ring visible on the distal portion of the conduit indicates the po- 
sition of a 23 mm Hancock porcine xenograft valve bioprosthesis. 
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FIGURE 3. Photograph at operation of the valved conduit in place. Its 
relations with the left ventricular apex (left) and descending thoracic 
aorta (right) are apparent. 


The postoperative course was initially complicated by 
fever, pulmonary atelectasis and mild congestive heart failure 
which were managed with appropriate drug therapy. 
Twenty-five days after operation a murmur of aortic insuffi- 
ciency was noted at the upper left sternal border. Although 
blood cultures were sterile, a diagnosis of bacterial endocar- 
ditis was entertained and antibiotic agents were administered 
for 4 weeks. The patient was discharged from the hospital on 
the 69th postoperative day. | 

Six months postoperatively, the patient was not restricted 
in activity. An electrocardiogram (Fig. 4) displayed Q waves 
in leads II, III, aVF and V, to Ve; the pattern was presumed 
to reflect the “window” created by the excision of muscle at 
the left ventricular apex during conduit installation. Cardiac 
catheterization demonstrated satisfactory reduction of the 
preoperative left ventricular outflow tract gradient (Table I). 
The percent of left ventricular stroke output that exited 
through the prosthesis could not be quantitated, but selective 
left ventricular angiocardiography revealed that most of the 
contrast material was ejected through the conduit (Fig. 5). The 
region of the tunnel obstruction was well visualized and ap- 
peared unchanged. However, the left ventricular cavity was 
not obliterated during contraction as during the preoperative 
study. Mild aortic regurgitation, not present preoperatively, 
was noted and appeared to involve primarily the noncoronary 
cusp. This finding was considered a complication of bacterial 
endocarditis. 





"IGURE 4. Postoperative electrocardiogram. The pattern of myocardial 
nfarction presumably reflects the removal of left ventricular apical 
nyocardium during installation of the conduit. 








FIGURE 5. Postoperative selective left ventricular angiocardiogram 
(latera! view). Contrast material in the left ventricle is ejected through 
the stenotic outflow tract as well as through the apical conduit. However, 
the conduit is more densely opacified than the ascending aorta, 
suggesting that the prosthesis carries a greater proportion of the left 
ventricular stroke output. The site of anastomosis of the conduit to the 
descending aorta is shown (arrow). 


Discussion 
Historical Considerations 


Use of incision or excision, or both, of obstructing tissue has 
generally proved an unsatisfactory means of relieving tunnel 
subaortic stenosis.’~-'? An alternative method is the estab- 
lishment of a valved communication between the left ven- 
tricular apex and aorta to achieve unimpeded ventricular 
emptying. 

The concept of diverting the left ventricular output to the 
aorta by way of a conduit is not new. In 1910 Carrel?? shunted 
left ventricular output to the descending aorta in dogs using 
paraffined rubber tubes and large jugular veins. Three years 
later Jeger”? developed the concept of relieving mitral or aortic 
stenosis with a valve-containing venous segment; in animal 
experiments he interposed venous conduits between a pul- 
monary vein and the left ventricle and between the left ven- 
tricle and the innominate artery. Since 1913, his concepts have 
been experimentally investigated.?!-8 

The first interposition of a valved conduit between the left 
ventricular apex and aorta in a human being was performed 
by Templeton?? in 1962 without benefit of cardiopulmonary 
bypass. The methyl methacrylate conduit utilized was similar 
to that described by Donovan and Sarnoff*5 and Sarnoff et 
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al.36 Subsequently, four more patients were operated upon, 
two surviving late postoperatively: one who was lost to fol- 
low-up study several years after operation and one who is well 
14 years after operation. 

Bernhard et al.4° implanted a polyurethane-coated stainless 
steel conduit containing a porcine xenograft valve in a 22 year 
old man with severe diffuse supravalvular aortic stenosis and 
aortic valve anular hypoplasia. Cardiopulmonary bypass was 
utilized. The region of obstruction was successfully bypassed, 
and the patient was reported asymptomatic 20 months after 
operation.!! Subsequently, this group described the un- 
eventful insertion of a left ventricular apical-descending aortic 
conduit in a 26 year old patient with a small aortic valve an- 
ulus. The patient was asymptomatic when discharged from 
the hospital,!! but a leak developed at the junction of the 
Dacron? graft and descending aorta and he died of hemor- 
rhage 31 days after operation. 

Cooley et al.42 unexpectedly encountered a severely de- 
formed congenitally stenotic aortic valve that did not lend 
itself to adequate valvotomy. Without the advantage of an- 
ticipatory planning, they fashioned and inserted a valve- 
containing conduit between the left ventricle and abdominal 
aorta. Satisfactory management was achieved. They aptly 
described the operative procedure as creation of a “double 
outlet left ventricle." Postoperative study revealed movement 
of dye from the left ventricle through the conduit into the 
abdominal aorta during early and midsystole. Importantly, 
in late systole the deformable Dacron graft, which had been 
sutured to the left ventricular apex, was compressed and es- 
sentially occluded by the contractile force of the ventricle. 
Successful use of a similar valved conduit was recently de- 
scribed by McGoon.*? The group at the Texas Heart Insti- 
tutet‘ later reported five additional cases in which they suc- 
cessfully created double outlet left ventricle using an improved 
prosthesis. 


Surgical Considerations 


Similar to Bernhard’s conduit, ^? the prosthesis used 
in our patient was specifically designed for anatomosis 
of its distal end to the descending thoracic aorta with 
use of a left thoracotomy. This required design of a 
curved semi-rigid (polyurethane) left ventricular apical 
insert. The relative rigidity of the prosthesis permitted 
blood to flow unimpeded through it during ventricular 
systole. Use of an appropriate number of soft Dacron- 
covered 0 rings (Fig. 2) allowed adjustment of the length 
of the insert within the left ventricle. This assured 
maintenance of a smooth curvilinear inflow orifice in 
relation to the adjacent ventricular endocardial surface. 
'The remainder of the composite prosthesis consisted 
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of a stent-mounted Hancock xenograft valve and Da- 
cron tubular graft. Although some controversy has re- 
cently arisen*!#4 regarding the relative merits of per- 
forming the distal aortic anastomosis through the dia- 
phragm (abdominal aorta) versus the left hemithorax 
(descending thoracic aorta), both approaches appear 
to allow equally satisfactory results. 

Hemodynamic relief of left ventricular outflow ob- 
struction with the conduit procedure has consistently 
been excellent.*4 In our patient the preoperative peak 
systolic pressure gradient of 95 mm Hg was reduced to 
6 mm Hg on postoperative study. 

A major advantage of stent-mounted porcine xeno- 
graft valves has been the low incidence rate of pros- 
thesis-related emboli. There have been too few xeno- 
graft-valved conduit implantations in the left ventricle 
to permit assessment of the risk of early embolization. 
We believe it prudent to institute a brief period (8 
weeks) of warfarin therapy after implantation. 

Indications: Precise indications for left ventricular 
apical-aortic valved conduit interposition require ad- 
ditional amplification. A compelling reason for use of 
the procedure is the presence of extensive ventricular 
outflow tract obstruction not readily amenable to pre- 
dictable and safe direct surgical palliation. To date, 
conduits have been utilized in patients with (1) con- 
genital aortic stenosis associated with diffuse hypoplasia 
of the subvalvular, anular and occasional supravalvular 
areas, and (2) acquired aortic stenosis with severe anular 
narrowing and aortic calcification.*9-*4 The operation 
may prove useful in the management of selected cases 
of idiopathic hypertrophic obstructive cardiomyopathy; 
experience in one such case was favorable.** 

Extended application of this procedure requires ad- 
ditional information concerning the persistence of he- 
modynamic relief, conduit durability and late compli- 
cations. It is encouraging that one of Templeton's pa- 
tients?? has survived 14 years. 
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Addendum 


Since the preparation of this report, two pertinent articles 
concerning tunnel subaortic stenosis and its relief have been 
published.45.46 
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The ‘‘Stone Heart” and Other Challenges to the Biochemist 


ARNOLD M. KATZ, MD, FACCT 
MICHIHIKO TADA, MD, PhD$ 


New York, New York 
Fukushima-Ku, Osaka, Japan 


“This state of rigor [The stone heart] can be attributed to 
loss of myocardial energy stores, leading to adenosine tri- 
phosphate (ATP) depletion in the region of the cardiac cell 
occupied by myofilaments." ! 


Approximately 5 years ago a clinical syndrome was de- 
scribed in which the hearts of patients undergoing open 
heart surgery manifested irreversible contracture? 
analogous to rigor mortis in skeletal muscle.? This 
syndrome, appropriately called the "stone heart"? 
represents in its fully developed form an uncommon 
complication of ischemic cardiac arrest during open 
cardiopulmonary bypass. A similar condition had been 
described a decade earlier in experimental animals,* but 
its recognition as a cause of significant mortality in man 
signaled a challenge to those engaged in building bridges 
between molecular biology and the clinical practice of 
cardiology.! This challenge is heightened by the likeli- 
hood that ischemic myocardial damage of a less global 
extent contributes to both morbidity and early mor- 
tality in patients who undergo cardiopulmonary bypass? 
and by current efforts to reduce the extent of myocar- 
dial cell death after acute myocardial infarction. 

A successful attack upon these significant clinical 
problems rests upon knowledge of their underlying 
mechanisms, which can provide clues that may lead to 
their prevention. Fortunately, research into both the 
basic and clinical aspects of ischemic cardiac damage 
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has progressed rapidly and now offers promise for the 
prevention and partial reversal of such damage. 

Our earlier postulate that the “stone heart” syndrome 
represented adenosine triphosphate (ATP)-depletion 
rigor in the myocardium! finds considerable support in 
the article by Hearse et al.® in this issue of the Journal. 
Utilizing a rat heart model, these investigators found 
that the onset of contracture in the ischemic myocar- 
dium correlates closely with a fall in ATP content to a 
critical level and that measures that retard the decline 
in myocardial ATP levels also retard the development 
of this complication of ischemic arrest. These findings, 
coupled with the growing body of knowledge regarding 
the interactions between ATP and the contractile pro- 
teins, permit the formulation of the following bio- 
chemical mechanism for ischemic contracture in the 
heart. 


Biochemical Mechanism 


'The role of ATP as the source of chemical energy for 
contraction, suggested in 1939 by the discovery that 
myosin was an adenosine triphosphatase enzyme," was 
conclusively shown in 1962 by Cain and Davies, who 
documented a decrease in the ATP concentration of 
muscle that paralleled its performance of mechanical 
work. However, ATP also has a well known effect of 
relaxing various in vitro models of the contractile pro- 
cess of both skeletal? and cardiac!? muscle. This latter 
effect of ATP is also seen in intact skeletal muscle, in 
which a marked decrease in ATP content causes the 
muscle to become stiff and inextensible (rigor mortis).? 
Studies of the purified contractile proteins have shown 
that when ATP concentrations become severely re- 
duced, most if not all of the myosin cross bridges are 
bound to actin (for a review of these findings see Ref- 
erences 9 to 13). 
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The apparent dual role for ATP—to provide chemical 
energy for contraction on the one hand, and to maintain 
the muscle in a relaxed state on the other—led to dis- 
putes among earlier workers in the field of muscular 
contraction as to whether the essential role of ATP was 
to fuel contraction or to induce relaxation. Recent ad- 
vances in our knowledge of the chemical reactions by 
which myosin, actin and ATP interact during the cycle 
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'IGURE 1. Schematic representation of the interactions between a 
‘ingle myosin cross bridge, projecting from the thick filament (below) 
vith a portion of the thin filament (above). The latter is represented as 
wo Chains of actin (one of which is shaded in these diagrams) wound 
around each other, with two elongated tropomyosin molecules (dark 
ines) lying in the groove between the actin chains. The troponin com- 
lex is not included in these diagrams because neither this regulatory 
yrotein complex nor tropomyosin is essential for the interactions be- 
ween adenosine triphosphate (ATP) and its hydrolytic products, and 
he proteins actin and myosin depicted here. A, binding of ATP to myosin 
'auses the muscle to relax by dissociating the cross bridge from its 
inding to actin. The myosin-bound ATP is rapidly hydrolyzed to yield 
nyosin-bound adenosine diphosphate (ADP) and inorganic phosphate 
P;). B, after hydrolysis of myosin-bound ATP yields myosin-bound ADP 
ind Pj, the bond between P; and the protein retains the chemical energy 
»f the terminal phosphate bond of ATP (left). Subsequently, an "active 
:omplex'' forms between actin and the myosin cross bridge in which 
he energy of ATP remains as chemical energy. C, transduction of the 
*hemical energy of the "active complex" (left) to mechanical energy, 
vhich causes movement of the cross bridge and a shift in the position 
f the thin filament in the “rigor complex” (right), constitutes the es- 
ential step in muscular contraction in which shortening and tension 
levelopment occur. D, the products of ATP hydrolysis dissociate from 
nyosin in the rigor complex without accompanying dissociation of the 
onds linking actin to the myosin cross bridge. The latter, which cause 
he rigidity of muscle during rigor, dissociate only when ATP is available 
o bind to the myosin cross bridges (see A). (Reproduced from Katz, '' 
vith permission.) 









of contraction and relaxation®!213 have resolved this 
controversy and, at the same time, clarified our under- 
standing of the mechanisms by which ATP depletion 
promotes rigor. 

The ability of ATP to promote relaxation arises from 
an effect of the myosin-bound nucleotide to dissociate 
the thick and thin filaments (Fig. 1A), whereas ATP 
plays a central role in the contractile process by pro- 
moting the tight binding of myosin and actin and by 
providing the chémical energy that is utilized for the 
performance of mechanical work. To facilitate under- 
standing of these complex effects of ATP, we will now 
briefly describe present knowledge of the reaction 
mechanisms involving myosin, actin and ATP. 

Reaction mechanisms involving myosin, actin 
and ATP: Myosin is a large elongated molecule that 
consists of a “tail” and a paired “head” (Fig. 2). The 
myosin tail is a rigid structure made up of two alpha- 
helical peptide chains wound around each other. Each 
of these chains (the heavy subunits) extends into one 
of the paired globular heads that contain, in addition, 
four light subunits, Myosin in the thick filament of 
muscle is oriented so that the tails of the molecule are 
wound together in the backbone of the thick filament 
to which they confer structural rigidity. The myosin 
heads projecting from the long axis of the thick fila- 
ments represent the cross bridges (Fig. 3) that interact 
with actin in the thin filament. It is not known whether 
the paired myosin heads are identical or whether they 
differ in their chemical properties. For this reason, the 
mechanism by which ATP causes the myosin cross 
bridges to dissociate from the thin filament remains 
controversial (see later). 


Binding of ATP to myosin (M), which reflects a very high 
affinity of myosin for the nucleotide, results in the formation 
of a myosin-ATP complex: 


M + ATP — M-ATP 


which is rapidly converted by the hydrolytic site of myosin to 
amyosin-adenosine diphosphate(ADP)-inorganicphosphate 
(P;*) intermediate: 


M — ATP — M-ADP-P;* Reaction 2 


in which ADP and P;, the products of ATP hydrolysis, remain 
bound to myosin. This intermediate represents a high energy 
complex in which the energy initially present in the terminal 
phosphate bond of A'TP remains as chemical energy that is 
probably present in a high energy bond between nfyosin and 
the bound phosphate (P;*). For this reason, it is unlikely that 
reactions 1 and 2 contribute to shortening or to the develop- 
ment of tension in the intact muscle. In other words, the en- 
ergy of the terminal phosphate bond of ATP remains a 
chemical energy and is not converted to mechanical energy. 


Reaction 1 


In studies of purified myosin in the absence of actin, con- 
version of the “high energy" M-ADP-P;* complex to a “low 
energy" enzyme-product complex occurs by the reaction: 


M-ADP-P;* — M-ADP-P; Reaction 2A 


This reaction, in which the bond linking phosphate to myosin 
becomes a low energy bond (P;), probably represents the 
rate-limiting step in the slow rate of ATP hydrolysis by myosin 
alone. That this step is rate-limiting is based on evidence that 
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Katz,'' with permission.) 


the subsequent reaction, the dissociation of the products of 
ATP hydrolysis from purified myosin: 


M-ADP-P; ~M+ADP+P; Reaction 2B 


is relatively rapid. 


The ability of actin to activate myosin adenosine triphos- 
phatase activity reflects participation of actin in the reactions 
that in the intact muscle are of central importance in 
mechanochemical transduction—the conversion of the 
chemical energy of ATP into mechanical work. The exact 
mechanism of this process remains uncertain, but it now ap- 
pears that actin (A) enters into the scheme described above 
at reaction 2A: 


M-ADP-P;* + A — A-M-ADP-P;* 


in which an interaction develops between the myosin cross 
bridge and actin (the “active complex”) in which the myo- 
sin-bound phosphate retains its high energy characteristics 
(Fig. 1B). This is followed by the transduction of the chemical 
energy of the myosin-bound phosphate to a low energy 
state, 


A-M-ADP-P;* — A-M-ADP-P; + work 


which is accompanied by a shift in the position of the thin 
filament caused by movement of the cross bridge (Fig. 1C). 
Formation of the “rigor complex" (Fig. 1C, right) is thus 
central to the contractile process. Reaction 4 is followed by 
rapid release of the products of ATP hydrolysis: 


A-M-ADP-P; ~ A-M + ADP + P; Reaction 5 


after which actin remains tightly bound to the myosin cross 
bridge (Fig. 1D). 

According to our current understanding of these processes, 
chemical energy is released, and so in the intact muscle be- 
comes available for mechanical work, in reaction 4. This re- 
action, (Fig. 1C), corresponds to a step in this reaction se- 
quence during which a strong interaction is present between 
the thick (M) and thin (A) filaments, that is, the muscle is stiff 
and inextensible. This state of rigor persists during reaction 
5 (Fig. 1D), the return to the highly compliant state associated 


Reaction 3 


Reaction 4 


FIGURE 3. Organization of individual myosin mole- 
cules in the thick filament, the ‘‘backbone”’ of which 
is delineated by dashed lines. The “heads” of the 
individual myosin molecules project from the thick 
filament as the cross bridges. The individual myosin 
molecules have opposing polarities in the two halves 
of the thick filament. (Reproduced from Katz, '' with 
permission.) 
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with resting muscle (Fig. 1A) requiring the binding of an ad- 
ditional molecule of ATP to myosin: 


A-M + ATP — A + M-ATP Reaction 6 

Interactions between proteins of thick and thin 
filaments (rigor complexes): Central to an under- 
standing of the mechanism probably responsible for the 
“stone heart” syndrome is the fact that in their final low 
energy states the actomyosin complexes A-M-ADP-P; 
(Fig. 1C, right) and A-M (Fig. 1D, right) exhibit strong 
interactions between the proteins of the thick and thin 
filaments. Hence their designation “rigor complexes.” 
Restoration of the muscle to the plastic state found 
during diastole requires the reintroduction of ATP 
which, by binding to myosin (Fig. 1A), causes the pro- 
teins of the thick and thin filaments to dissociate ac- 
cording to reaction 6. 

The two-headed structure of the myosin molecule 
(Fig. 2) and thus of the cross bridges (Fig. 3) raises the 
possibility that the two myosin heads participate in 
different reactions, one mediating each of the effects of 
ATP—to dissociate the thick and thin filaments (Re- 
action 6) and to provide energy for the contractile pro- 
cess (Reactions 1 to 5). Evidence for the nonidentity of 
the two myosin heads, with each head serving one of 
these physiologic functions, has been obtained by To- 
nomura and Inoue.!?!4!» However, although they 
suggested that the nonidentity of the two heads of my- 
osin was compatible with a two route mechanism of 
ATP hydrolysis by myosin, other investigators!? pre- 
sented evidence that a simpler single route mechanism 
of ATP hydrolysis could adequately explain the kinetic 
studies of the myosin-ATP interaction. It therefore 
remains possible that both the “dissociating” and 
“contraction-promoting” effects of ATP involve the 
participation of both myosin heads in the full sequence 
of Reactions 1 to 6. Regardless of which view is correct, 
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it is likely that the development of ischemic contracture 
in the myocardium—the “stone heart” syndrome— 
results from reduction of ATP concentrations to levels 
too low to allow Reaction 6 to proceed in a forward di- 
rection (from left to right). 


How Low Must ATP Levels Be to Cause Ischemic 
Contracture? 


Evidence such as that presented by Hearse et all.,® 
who very carefully distinguish between measurements 
of the ATP content in a sample of myocardial tissue and 
the actual ATP concentration in the cytosol sur- 
rounding the contractile proteins, cannot be utilized to 
evaluate the ATP concentrations needed to dissociate 
rigor complexes in the heart. 'This uncertainty arises 
because of the difficulties in defining the distribution 
of this nucleotide in various compartments of the 
myocardial cell. It appears likely, however, that cytosolic 
A'TP concentration in the normal myocardium is in the 
millimolar range.!9 These high levels of ATP appear 
more than adequate to maintain the contractile proteins 
of the unexcited heart in a dissociated state.10.17.18 

Hearse et al present evidence that the onset of 
ischemic contracture correlates with an approximately 
50 percent decrease in myocardial ATP content. Fur- 
thermore, interventions that retard the decrease in ATP 
content prolong the period before contracture, and vice 
versa, so that ATP contents at the onset of the con- 
tracture are similar under conditions in which the in- 
terval before contracture varies almost 10-fold. These 
findings lend support to the view that ischemic con- 
tracture is due partly to ATP-depletion rigor. The 
ability of calcium antagonists or solutions low in calcium 
to delay the onset of contracture in the ischemic myo- 
cardium is most easily explained by the well known 
action of calcium ion to stimulate ATP utilization by the 
myocardium. 'This interpretation is supported by the 
finding that measures that inhibit calcium entry into 
the myocardium slow the rate of ATP utilization so that 
the ATP content at the time that contracture begins 
remains unchanged. An additional effect of calcium 
depletion during the period of ischemia, observed by 
Hearse et al.,® is a decline in the final tension reached 
in the contracture. This response might arise from the 
well known ability of calcium ion to promote the inter- 
actions between the thick and thin filaments; an effect 
that is partly independent of changing ATP concen- 
trations.!° 

In view of the difficulties in relating ATP contents to 
the concentration of this nucleotide in the cellular 
“compartment” surrounding the contractile proteins, 
definitive proof of the hypothesis that the “stone heart” 
syndrome represents A'TP-depletion rigor is still lack- 
ing. These quantitative considerations are especially 
serious in view of evidence that the ATP concentrations 
required to inhibit the formation of rigor bonds in 
contractile proteins studied in vitro under calcium-free 
conditions are extremely low. In the case of skeletal 
muscle myofibrils, for example, Weber!” has found that 
rigor bond formation under conditions of low calcium 


does not begin until ATP concentration falls below 0.01 
millimolar. The “critical” ATP concentration required 
for rigor bond formation by cardiac actomyosin is not 
established because data of the quality of those pre- 
sented by Weber!? have not been obtained for the car- 
diac contractile proteins. However, it seems unlikely 
that this concentration is significantly lower than that 
for the skeletal contractile proteins in view of the gen- 
eral tendency for the cardiac contractile proteins to 
associate more readily than those of skeletal muscle. 1° 
Quantitative proof of the view that the “stone heart” 
syndrome is due to ATP depletion must therefore await 
additional data regarding the ATP concentrations 
needed to dissociate the cardiac contractile proteins, as 
well as methods by which the ATP content of a sample 
of myocardial tissue can be related to the concentration 
of this nucleotide in the medium surrounding the con- 
tractile proteins. 


Clinical Implications 


Prevention of “stone heart” syndrome and isch- 
emic myocardial damage during cardiopulmonary 
bypass: The excellent studies of Hearse et al.? permit 
two general conclusions. First, they indicate that a ra- 
tional approach to the prevention of the “stone heart" 
syndrome, and to the reduction of myocardial damage 
in patients undergoing cardiopulmonary bypass, can be 
based on measures designed to retard the decrease in 
the ATP content of the myocardium. Several ap- 
proaches of this sort, described by Hearse et al. and 
others,??? are based on interventions that increase ATP 
levels at the onset of cardiopulmonary bypass or reduce 
the rate of ATP utilization during bypass, or both. 
Second, these studies indicate that measurements of 
ATP content in experimental animal models can pro- 
vide a readily determined and reliable index'of the po- 
tential value of any proposed measure designed to re- 
duce the injurious effects of prolonged cardiopulmonary 
bypass upon the myocardium. 

Preservation of ischemic myocardium after 
myocardial infarction: These considerations can also 
be extended to attempts to preserve portions of the 
ischemic myocardium after the onset of an acute myo- 
cardial infarction, although the two situations differ 
significantly in at least two ways: First, occlusive disease 
in the coronary arteries limits the ability of the physi- 
cian to “communicate” with the ischemic myocardium 
after myocardial infarction to a much greater extent 
than in patients undergoing cardiopulmonary bypass. 
Second, and more important, the duration of the period 
during which the myocardium is at risk of having 
A'TP-depletion rigor is much more precisely defined in 
patients undergoing cardiopulmonary bypass. Because 
the ischemic myocardium after a myocardial infarction 
may be deprived of much of its nutrient blood flow for 
weeks, months or even years in patients with coronary 
artery disease, the potential beneficial effects of efforts 
to prevent ATP-depletion rigor are probably much less 
than in the setting of cardiopulmonary bypass, in which 
the period of ischemia is of much shorter duration. 
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Conclusions 


Current evidence is consistent with the hypothesis 
that the *stone heart” syndrome, and probably other 
less striking detrimental effects of prolonged cardio- 
pulmonary bypass, are due to ATP-depletion rigor in 
the ischemic myocardium. Although additional quan- 
titative evidence is needed to confirm this hypothesis, 
measurements of ATP content in the hearts of experi- 
mental animals can provide a useful guide to the po- 
tential efficacy of interventions intended to reduce the 
extent of ischemic damage to the myocardium during 
cardiopulmonary bypass. These considerations may also 
be relevant to attempts to preserve the ischemic myo- 
cardium after myocardial infarction in patients with 
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ischemic heart disease, although less *communication" 


between the arterial blood and ischemic regions of the 
myocardium is possible in this condition and the du- 
ration of the reduction in coronary flow is less clearly 
defined than in patients undergoing cardiopulmonary 
bypass. Thus, although the past few years have seen 
considerable clarification of the challenge posed to the 
biochemist by observations made by the cardiologist 
and cardiothoracic surgeon in patients with ischemic 
heart disease, much remains to be accomplished. Con- 
tinuation of the growing dialogue between the scientist, 
whose primary aim is to elaborate and document basic 
mechanisms in the research laboratory, and the physi- 
cian, who is faced with care of the cardiac patient, holds 
considerable promise for the future of cardiology. 
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EDUCATION UPDATE 








Adult Cardiovascular Training Programs 


in the United States 


This listing is provided as a service by The American College of Cardiology 





State/City/Zip Code 


ALABAMA 
Birmingham 35294 
ARIZONA 
Phoenix 85062 
Phoenix 85008 
Phoenix 85013 
Tucson 85724 
Tucson 85723 
ARKANSAS 
Little Rock 72201 
Little Rock 72206 
CALIFORNIA 
Davis 95616 
Fairfield 94535 
Fresno 93702 
Loma Linda 92354 
Long Beach 90801 
Long Beach 90801 
Long Beach 90813 
Long Beach 90801 
Los Angeles 90029 
Los Angeles 90029 
Los Angeles 90048 
Los Angeles 90017 
Los Angeles 90027 
Los Angeles 90059 
Los Angeles 90024 
Los Angeles 90033 


Los Angeles 90073 


Los Angeles 90033 
Martinez 94553 
Orange 92668 
Orange 92668 
Palo Alto 94304 
Pasadena 91105 
Sacramento 95817 
San Diego 92103 
San Diego 92134 
San Diego 92103 
San Diego 92103 
San Francisco 94129 
San Francisco 94115 
San Francisco 94120 
San Francisco 94110 
San Francisco 94143 
San Francisco 94118 
San Francisco 94121 
San Jose 95128 
Sepulveda 91343 
Sepulveda 91343 
Sepulveda 91343 
Stanford 94305 
Torrance 90509 
COLORADO 
Denver 80204 
Denver 80240 
Denver 80220 
Denver 80220 


Hospital/Institution 


University of-Alabama Medical Center 


Good Samaritan Hospital 

Maricopa County General Hospital 

St. Joseph's Hospital and Medical Center 

University of Arizona Health Science Center 
Veterans Administration Hospital 


University of Arkansas Medical Center 
Veterans Administration Hospital 


University of California at Davis Hospital 
David Grant U.S. Air Force Medical Center 
Valley Medical Center of Fresno 
Loma Linda University Hospital 
Long Beach Veterans Administration Hospital 
Memorial Hospital Medical Center 
St. Mary's Long Beach Hospital 
Veterans Administration Hospital 
Cedars-Sinai Medical Center 

Cedars of Lebanon Hospital Division 

Mt. Sinai Hospital Division 
Hospital of the Good Samaritan Medical Center 
Kaiser Foundation Hospital 
Martin Luther King, Jr. General Hospital 
UCLA Medical Center 
University of Southern California and the 

Los Angeles County —USC Medical Center 
Veterans Administration —Wadsworth 
Hospital Center 

White Memorial Medical Center 
Veterans Administration Hospital 
Orange County Medical Center 
University of California—Irvine Medical Center 
Veterans Administration Hospital 
Huntington Memorial Hospital 
Sacramento Medical Center 
Mercy Hospital and Medical Center 
Naval Regional! Medical Center 
University Hospital of San Diego County 

Veterans Administration Hospital 
Letterman Army Medical Center 
Mount Zion Hospital & Medical Center 
Presbyterian Hospital of Pacific Medical Center 
San Francisco General Hospital 
University of California, San Francisco—Moffitt Hospital 
U.S. Public Health Service Hospital 
Veterans Administration Hospital 
Santa Clara Valley Medical Center 
UCLA-San Fernando Valley Medical Program 

Olive View Medical Center 

. Veterans Administration Hospital 
Stanford University Hospital 
Harbor General Hospital 


Denver General Hospital 

Fitzsimons Army Medical Center 
University of Colorado Medical Center 
Veterans Administration Hospital 





Cardiology 
Positions 
1976-1977 
Filled Available 
12 12 
6 6 
3 3 
NR NR 
3 3 
Fi 7 
14 14 
NR NR 
2 2 
3 4 
9 9 
6 6 
NR NR 
NR NR 
12 12 
NR NR 
NR NR 
NR NR 
8.5 8.5 
10 10 
7 7 
2 2 
4 4 
NR NR 
9 9 
1 1 
2 2 
NR NR 
2 2 
3 4 
10 10 
3 3 
2 2 
8 8 
2 2 
8 8 
NR NR 
6 6 
NR NR 
3 3 
8 8 
6 6 
NR NR 
2 2 
NR NR 
NR NR 


Address for reprints: American College of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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State/City/Zip Code 


CONNECTICUT 
Bridgeport 06602 
Bridgeport 06606 
Hartford 06115 
Hartford 06112 
Hartford 06105 
New Haven 06511 
New Haven 06510 
West Haven 06516 
Waterbury 06702 
Norwalk 06856 
Waterbury 06702 


DELAWARE 
Wilmington 19899 


DISTRICT OF COLUMBIA 
Washington, D.C. 20003 
Washington, D.C. 20001 
Washington, D.C. 20037 
Washington, D.C. 20003 
Washington, D.C. 20060 
Washington, D.C. 20017 
Washington, D.C. 20022 

= Washington, D.C. 20012 
Washington, D.C. 20012 


FLORIDA 
Gainesville 32601 
Gainesville 32601 
Jacksonville 32209 
Miami 33152 
Miami 33152 
Miami 33152 
Miami 33152 
Miami Beach 33140 
Pensacola 32501 
Tampa 33606 
Tampa 33612 
Tampa 33612 


GEORGIA 
Atlanta 30303 
Atlanta 30312 
Atlanta 30303 
Atlanta 30303 
Decatur 30033 
Augusta 30902 
Augusta 30902 
Augusta 30904 
Savannah 31405 


HAWAII 
Honolulu 96813 


ILLINOIS 
Chicago 60680 
Chicago 60612 
North Chicago 60064 
Chicago 60614 
Chicago 60612 
Chicago 60612 
Chicago 60616 
Chicago 60608 
Chicago 60611 
Chicago 60612 
Chicago 60637 
Chicago 60612 
Evanston 60202 
Hines 60141 
Maywood 60153 


INDIANA 
Indianapolis 46202 
Indianapolis 46204 
Indianapolis 46260 


IOWA 
lowa City 52242 
lowa City 52240 


Hospital/Institution 


Bridgeport Hospital 

St. Vincents Medical Center 

Hartford Hospital 

Mount Sinai Hospital—University of Connecticut 

St. Francis Hospital 

Hospital of St. Raphael 

Yale University Medical Center 
Veterans Administration Hospital 
Waterbury Hospital 

Norwalk Hospital 

St. Mary's Hospital 


Wilmington Medical Center 


D.C. General Hospital 

Freedmens Hospital 

George Washington University Hospital 
Georgetown University Hospital 
Howard University Hospital 
Providence Hospital 

Veterans Administration Hospital 
Walter Reed Army Medical Center 
Washington Hospital Center 


University of Florida Hospital 
Veterans Administration Hospital 

University Hospital, Jacksonville 

University of Miami Hospital & Clinics 

' Jackson Memorial Hospital 
Veterans Administration Hospital 
University of Miami Hospital 

Mt. Sinai Medical Center 

University Hospital, Pensacola 

Tampa General Hospital 

University of South Florida Hospital 

Veterans Administration Hospital 


Emory University Hospitals 
Georgia Baptist Hospital 
Grady Memorial Hospital 
Crawford W. Long Hospital 
Veterans Administration Hospital 
Medical College of Georgia Hospitals 
Talmadge Memorial Hospital 
Veterans Administration Hospital 
Memorial Medical Center 


Queen's Medical Center 


Abraham Lincoln School of Medicine 
Chicago Medical School 

Veterans Administration Hospital 
Columbus Hospital 
Cook County Hospital 
Mercy Hospital and Medical Center 
Michael Reese Hospital and Medical Center 
Mount Sinai Hospital Medical Center 
Northwestern University Hospitals 
Rush—Presbyterian St. Luke's Medical Center 
University of Chicago Hospitals 
University of Illinois Hospital 
St. Francis Hospital 
Veterans Administration Hospital 
Loyola University Hospital 


Indiana University Hospitals 
Methodist Hospital Graduate Medical Center 
St. Vincent Hospital 


University of lowa Hospitals and Clinics 
Veterans Administration Hospital 
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k Si s Kn 
Cardiology 
Positions 
1976—1977 2 
Filled Available 
2 2 
1 2 
2 2 
2 2 
3 3 
2 2 
10 10 
3 3 
1 1 
2 2 
1 2 
0 0 
2 2 
NR NR 
11 11 
8 8 
2 4 
Jer 1 
NR NR 
6 6 
2 2 
8 8 
NR NR 
3 3 
13 13 
9 9 
NR NR 
NR NR 
4 4 
NR NR 
NR NR 
1 1 
NR NR 
NR NR 
NR NR 
6 6 
NR NR 
NR NR 
13 13 
4 4 
2 2 
7 7 
3 3 
8 8 
4 4 
7 7 
8 8 
8 8 
NR NR 
NR NR 
NR NR 
NR NR 
17 127 
1 1 
2 2 
12 12 
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State/City/Zip Code 


KANSAS 


Kansas City 66103 


KENTUCKY 


Lexington 40506 


Louisville 40217 
Louisville 40202 
Louisville 40202 
Louisville 40202 
Louisville 40202 
Louisville 40202 


LOUISIANA 


New Orleans 70112 
New Orleans 70112 
New Orleans 70112 
New Orleans 70112 
New Orleans 70112 
New Orleans 70112 
New Orleans 70112 
New Orleans 70112 


Shreveport 71130 


MAINE 


Portland 04102 


MARYLAND 


Baltimore 21224 
Baltimore 21205 
Baltimore 21201 
Baltimore 21202 
Baltimore 21215 
Baltimore 21211 
Baltimore 21201 


Bethesda 20014 
Cheverly 20785 


MASSACHUSETTS 


Boston 02215 
Boston 02118 
Boston 02118 
Boston 02118 
Boston 02130 
Boston 02114 
Boston 02215 
Boston 02115 
Boston 02135 
Boston 02111 
Boston 02118 


Cambridge 02138 
Dorchester 02124 


Pittsfield 01201 


Springfield 01107 
Springfield 01107 


West Roxbury 02132 


Worcester 01605 
Worcester 01604 
Worcester 01610 


MICHIGAN 


Allen Park 48101 


Ann Arbor 48104 
Ann Arbor 48105 
Ann Arbor 48109 


Detroit 48226 
Detroit 48202 
Detroit 48235 
Detroit 48236 
Detroit 48235 
Detroit 48201 
Detroit 48201 
Detroit 48201 
Detroit 48201 
Eloise 48132 
Flint 48502 


Royal Oak 48072 
Southfield 48075 


080 


June 1977 


Hospital/Institution 


University of Kansas Medical Center 


University of Kentucky Medical Center 
St. Joseph's Infirmary 
University of Louisville Affiliated Hospitals 
Jewish Hospital 
Louisville General Hospital 
Norton Hospital 
Veterans Administration Hospital 


Hotel Dieu Hospital 
Louisiana State University Medical Center 
Ochsner Clinic 
Tulane University Medical Center 

Charity Hospital 

University Hospital 

Veterans Administration Hospital 
Touro Infirmary 
Louisiana State University, Shreveport 


Maine Medical Center 


Baltimore City Hospital 

Johns Hopkins Hospital 

Maryland General Hospital 

Mercy Hospital 

Sinai Hospital of Baltimore 

U.S. Public Health Service Hospital 
University of Maryland Hospital 
National Naval Medical Center 
Prince George's General Hospital 


Beth Israel Hospital —Harvard Medical School 
Boston University Medical Center 

Boston City Hospital 

University Hospital 
Boston Veterans Administration Hospital 
Massachusetts General Hospital 
New England Deaconess Hospital 
Peter Bent Brigham Hospital 
St. Elizabeth's Hospital 
Tufts/New England Medical Center Hospital 
University Hospital 
Mount Auburn Hospital 
Carney Hospital 
Berkshire Medical Center 
Bay State Medical Center 
Springfield Hospital Medical Center 
West Roxbury Veterans Hospital 
Memorial Hospital 
St. Vincent Hospital 
Worcester City Hospital 


Veterans Administration Hospital 
St. Joseph Mercy Hospital 
Veterans Administration Hospital 
University of Michigan Medical Center 
Detroit General Hospital 
Henry Ford Hospital 
Mount Carmel Mercy Hospital 
St. John Hospital 
Sinai Hospital of Detroit 
Wayne State University Hospitals 
Grace Hospital 
Harper Hospital 
Hutze! Hospital 
Wayne County General Hospital 
Hurley Hospital 
William Beaumont Hospital 
Providence Hospital 
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Cardiology 
Positions 
1976-1977 
Filled Available 
3 4 
7 7 
0 0 
10 10 
1 1 
2 2 
4 4 
14 14 
2 2 
0 1 
3 3 
NR NR 
23 23 
2 2 
NR NR 
0 0 
2 2 
5 5 
2 2 
2 2 
6 6 
13 3 








Cardiology 


Positions 
1976-1977 
* Bed 
State/City /Zip Code Hospital /Institution Filled Available Size 
MINNESOTA 
Minneapolis 55455 University of Minnesota Hospitals 14 14 790 
Minneapolis 55415 Hennepin County Medical Center Eri vdd 485 
Minneapolis 55417 Veterans Administration Hospital Pis me 775 
St. Paul 55101 St. Paul—Ramsey Hospital EE HEN, 610 
Rochester 55901 Mayo Clinic 5 5 1800 
MISSISSIPPI 
Jackson 39216 University Hospital NR NR NR 
Jackson 39216 Veterans Administration Hospital NR NR NR 
MISSOURI 
Columbia 65201 University of Missouri Medical Center 4 4 900 
Columbia 65201 Harry S. Truman Memorial Veterans Administration Hospital m igh T 
Kansas City 64111 St. Luke's Hospital 4 4 650 
St. Louis 63110 Jewish Hospital of St. Louis 8 8 512 
St. Louis 63141 St. John's Mercy Medical Center 2 2 604 
St. Louis 63104 St. Louis University Hospital 7 8 300 
St. Louis 63104 John Cochran Veteran's Administration Hospital ua eu 338 
St. Louis 63112 Saint Luke's Hospitals 1 1 500 
St. Louis 63110 Washington University School of Medicine, Barnes Hospital 13 13 1200 
St. Louis 63104 Washington University Medical Service, St. Louis City Hospital 4 4 450 
NEBRASKA 
Omaha 68108 Creighton University Medical Center 5 5 570 
Omaha 68108 Douglas County Hospital NR NR NR 
Omaha 68105 Veterans Administration Hospital NR NR NR 
Omaha 68105 University of Nebraska Medical Center 2.5 4 325 
Omaha 68105 Bishop Clarkson Memorial Hospital NR NR NR 
NEW HAMPSHIRE 
Hanover 03755 Dartmouth Hitchcock Medical Center, Mary Hitchcock 0 2 350 
Memorial Hospital 
NEW JERSEY 
East Orange 07019 Veterans Administration Hospital 4 4 1112 
Hackensack 07601 Hackensack Hospital 2 2 471 
Jersey City 07304 Jersey City Medical Center NR NR NR 
Livingston 07939 St. Barnabas Medical Center NR NR NR 
Long Branch 07740 Monmouth Medical Center NR NR NR 
New Brunswick 08903 New Brunswick Affiliated Hospitals 1 1 700 
New Brunswick 08903 Middlesex Hospital 2 s M YU 
New Brunswick 08903 St. Peter's Hospital Lx y wr e? 
Newark 07103 College of Medicine and Dentistry of New Jersey 7 7 560 
Paterson 07503 St. Joseph's Hospital and Medical Center 2 2 650 
Newark 07107 Martland Hospital NR NR NR 
Newark 07112 Newark Beth Israel Medical Center 4 4 500 
Newark 07102 St. Michael's Medical Center 6 6 550 
Paramus 07652 Bergen Pines County Hospital 4 4 1056 
Piscataway 08854 Raritan Valley Hospital—Rutgers Medical School NR NR NR 
Summit 07901 Overlook Hospital 1 1 541 
NEW MEXICO 
Albuquerque 87131 University of New Mexico Affiliated Hospitals 4 4 875 
Albuquerque 87131 Bernalillo County Medical Center ed eek Re 
Albuquerque 87131 Lovelace—Bataan Medical Center 
Albuquerque 87131 Veterans Administration Hospital 
NEW YORK 
Albany 12208 Albany Medical College 1 1 900 
Albany 12208 Veterans Administration Hospital 2 2 700 
Bronx 10461 Albert Einstein College of Medicine 7 7 1450 
Bronx 10461 Bronx Municipal Hospital Center d Ys «la 
Bronx 10456 Bronx—Lebanon Hospital Center 3 3 600 
Bronx 10466 Misericordia Hospital Medical Center—Linco|n Hospital 2 2 901 
Affiliation 
Bronx 10467 Montefiore Hospital and Medical Center 10 10 900 
Brooklyn 11212 Brookdale Hospital Medical Center 5 5 1010 
Brooklyn 11201 Brooklyn—Cumberland Hospital Medical Center 3 3 475 
Brooklyn 11235 Coney Island Hospital 4 4 560 
Brooklyn 11203 Downstate Medical Center 5 5 1300 
Brooklyn 11211 Greenpoint Hospital 0 0 180 
Brooklyn 11203 Kingsbrook Jewish Medical Center 2 2 800 
Brooklyn 11219 Maimonides Medical Center 4 4 650 
Brooklyn 11215 Methodist Hospital 2 2 557 
Brooklyn 11209 Veterans Administration Hospital (Brooklyn) 3 3 1000 
Buffalo 14203 Buffalo General Hospital NR NR NR 
Buffalo 14215 Edward J. Meyer Memorial Hospital NR NR NR 
Buffalo 14209 Millard Fillmore Hospital 1 2 709 
Buffalo 14215 State University of New York at Buffalo 3 3 750 
Buffalo 14215 Veterans Administration Hospital 5 5 800 
East Meadow 11554 Nassau County Medical Center-Meadowbrook 3 3 650 
1081 
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Durham 27706 
Durham 27706 


Duke University Hospital 
Veterans Administration Hospital 


Cardiology 





Positions 
1976—1977 

. Bed 

State/City/Zip Code Hospital/Institution Filled Available Size 
NEW YORK (cont'd) 
Jamaica 11432 Catholic Medical Center 2 2 1150 
Jamaica 11432 Mary Immaculate Hospital pes AMA ye. 
Jamaica 11432 Queens General Hospital T YS" PUN 
Jamaica 11418 Jamaica Hospital 1 1 200 
Jamaica 11432 State University of New York at Stony Brook 3 3 800 
Manhasset 11030 North Shore University Hospital 3 3 520 
Mineola 11501 Nassau Hospital 1 2 435 
New Hyde Park 11040 Long Island Jewish —Hillside Medical Center 4 4 700 
New York 10003 Beth Israel Medical Center 4 4 979 
New York 10003 Cabrini Health Care Center 1 1 450 
New York 11373 City Hospital Center at Elmhurst NR NR NR 
New York 10458 Fordham Hospital NR NR NR 
New York 10037 Harlem Hospitals NR NR NR 
New York 10021 Lenox Hill Hospital 5 5 680 
New York 11201 Long Island College Hospital NR NR NR 
New York 10021 Memorial Sloan—Kettering Cancer Center 1 1 562 
New York 10452 Morrisania City Hospital NR NR NR 
New York 10029 Mt. Sinai Hospital and Medical School 14 14 1300 
New York 10021 New York Hospital—Cornell Medical Center 8 8 1000 
New York 10029 New York Medical College 5 5 1500 
New York 10029 Flower and Fifth Avenue Hospital seh co. =A 
New York 10029 Metropolitan Hospital gh S 4 dt 
New York 10016 New York University School of Medicine 8 8 1845 
New York 10016 Bellevue Hospital T X 1225 
New York 10016 New York University Hospital 2. ia 620 
New York 10032 Presbyterian Hospital NR NR NR 
New York 11432 Queens Hospital Center NR NR NR 
New York 10019 Roosevelt Hospital 3 3 600 
New York 10025 St. Luke's Hospital Center 6 6 780 
New York 10011 St. Vincent's Hospital and Medical Center 4 4 802 
New York 11213 State University Hospital NR NR NR 
New York 10468 Veterans Administration Hospital (Bronx) NR NR NR 
New York 10010 Veterans Administration Hospital (Manhattan) 4 4 1000 
Northport 11768 Northport Veterans Administration Hospital 2 2 982 
Rochester 14607 Genesee Hospital 1 1 400 
Rochester 14620 Highland Hospital 1/2 1 300 
Rochester 14611 St. Mary's Hospital 1 1 300 
Rochester 14621 University of Rochester School of Medicine 4 4 700 
Rochester 14621 Rochester General Hospital 1 2 550 
Rochester 14641 Strong Memorial Hospital NR NR NR 
Staten Island 10304 U.S. Public Health Service Hospital 4 4 425 
Syracuse 13210 Upstate Medical Center—State University of New York 6 6 350 
NORTH CAROLINA 

Chapel Hill 27514 University of North Carolina School of Medicine 8 8 574 
Chapel Hill 27514 North Carolina Memorial Hospital NR NR NR 
Charlotte 28203 Charlotte Memorial Hospital NR NR NR 
Durham 27706 Duke University Medical Center 


Winston-Salem 27103 
Winston-Salem 27103 
Winston-Salem 27103 


Bowman Gray School of Medicine—Wake Forest University 5 5 j 650 
Bowman Gray Medical Center NA 
North Carolina Baptist Hospital 
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OHIO 
Akron 44309 Akron City Hospital 0 1 600 
Akron 44307 Akron General Medical Center 2 2 559 
Cincinnati 45220 Good Samaritan Hospital 0 0 846 
Cincinnati 45229 Jewish Hospital 1 1 630 
Cincinnati 45267 University of Cincinnati Medical Center 7 7 1100 
Cincinnati 45267 Cincinnati General Hospital eA. E au 
Cincinnati 45267 Veterans Administration Hospital e Angl A24 
Cleveland 44106 Cleveland Clinic Foundation 37 40 1010 
Cleveland 44109 Cleveland Metropolitan General Hospital 4 4 580 

. Cleveland 44112 Huron Road Hospital NR NR NR 
Cleveland 44113 Lutheran Medical Center 0 2 301 
Cleveland 44106 Mount Sinai Hospital 3 3 540 
Cleveland 44104 St. Luke's Hospital 0 1 550 
Cleveland 44106 University Hospitals of Cleveland 8 8 1600 
Cleveland 44106 University Hospital "o 2: dii 1000 
Cleveland 44106 Veterans Administration Hospital Y. v 600 
Columbus 44106 Mt. Carmel Medical Center 2 a 510 
Columbus 43210 Ohio State University —College of Medicine 9 9 950 
Columbus 43214 Riverside Methodist Hospital 1 2 850 
Dayton 45406 Good Samaritan Hospital 1 1 550 
Dayton 45409 Miami Valley Hospital NR NR NR 
Kettering 45429 Charles F. Kettering Medical Center 2 2 460 
Toledo 43606 The Toledo Hospital 2 2 750 





State/City /Zip Code 


a ———— 


OHIO (cont'd) 


Youngstown 44504 
Youngstown 44502 
OKLAHOMA 
Oklahoma City 73190 
Oklahoma City 73102 
Oklahoma City 73104 
Oklahoma City 73190 
OREGON 
Portland 97201 
Portland 97207 
PENNSYLVANIA 
Allentown 18102 
Danville 17821 
Harrisburg 17055 
Hershey 17033 
- Johnstown 15905 
Philadelphia 19141 
Philadelphia 19125 
Philadelphia 19146 
Philadelphia 19102 
Philadelphia 19145 
Philadelphia 19107 
Philadelphia 19151 
Philadelphia 19129 
Philadelphia 19143 
Philadelphia 19145 
Philadelphia 19107 
Philadelphia 19104 
Philadelphia 19104 
Philadelphia 19104 
Philadelphia 19104 
Philadelphia 19140 
Philadelphia 19107 
Pittsburgh 15212 
Pittsburgh 15219 
Pittsburgh 15213 
Pittsburgh 15213 
Pittsburgh 15201 
Pittsburgh 15232 
Pittsburgh 15261 
Pittsburgh 15261 
Pittsburgh 15261 
Pittsburgh 15224 
Sayre 18840 
PUERTO RICO 
Mayaguez 00708 
Ponce 00731 
San Juan 00936 
San Juan 00936 
RHODE ISLAND 
Providence 02906 
Providence 02902 
Providence 02908 
SOUTH CAROLINA 
Charleston 29401 
Charleston 29401 
Charleston 29401 
Charleston 29401 
TENNESSEE 
Chattanooga 37403 
Chattanooga 37403 
Memphis 38013 
Memphis 38013 
Memphis 38013 
Memphis 38013 
Nashville 37232 
Nashville 37232 
TEXAS 
Dallas 75146 
Dallas 75222 
Dailas 75235 
Dallas 75235 
Dallas 75235 
Dallas 75235 
Dallas 75235 


Hospital /Institution 


St. Elizabeth Hospital Medical Center 
Youngstown Hospital 


University of Oklahoma Health Sciences Center 
St. Anthony Hospital 
Veterans Administration Hospital 
University Hospital 


University of Oregon Health Sciences Center 
Veterans Administration Hospital 


Allentown Hospital 

Geisinger Medical Center 

Harrisburg Hospital 

Milton S. Hershey Medical Center 

Conemaugh Valley Memorial Hospital 

Albert Einstein Medical Center (Northern Division) 

Episcopa! Hospital 

Graduate Hospital, University of Pennsylvania 

Hahnemann Medical College and Hospital 
St. Agnes Hospital 

Jefferson Medical College 

Lankenau Hospital 

Medical College of Pennsylvania Hospital 

Mercy Catholic Medical Center 

Naval Hospital 

Pennsylvania Hospital 

Philadelphia General Hospital 

Presbyterian—University of Pennsylvania Medical Center 

Hospital of the University of Pennsylvania 
Veterans Administration Hospital 

Temple University Hospital 

Thomas Jefferson University Hospital 

Allegheny General Hospital 

Mercy Hospital 

University of Pittsburgh School of Medicine 
Montefiore Hospital 

St. Francis General Hospital 

Shadyside Hospital 

University of Pittsburgh Health Center Hospitals 
Presbyterian—University Hospital 
Veterans Administration Hospital (Oakland Division) 

West Penn Hospital 

Guthrie Clinic/Robert Packer Hospital 


Mayaguez Medical Center 

Ponce District General Hospital 
University District Hospital 
Veterans Administration Hospital 


Miriam Hospital 
Rhode Island Hospital 
Veterans Administration Hospital 


Medical University of South Carolina 
Charleston County Hospital 
Medical University Hospital 
Veterans Administration Hospital 


University of Tennessee College of Medicine 
Baroness Erlanger Hospital 
University of Tennessee Health Science Center 
Baptist Memorial Hospital 
City of Memphis Hospitals 
Veterans Administration Hospital 
Vanderbilt University Hospital 
Veterans Administration Hospital 


Baylor University Medical Center 
Methodist Hospital of Dallas 
University of Texas Health Science Center at Dallas 
Parkland Hospital 
Presbyterian Hospital 
St. Paul's Hospital 
Veterans Administration Hospital 
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Cardiology 
Positions 
1976-1977 
. Bed 
State/City/Zip Code Hospital /Institution Filled Available Size 
TEXAS (cont'd) 
Ft. Sam Houston 78234 Brooke Army Medical Center 6 6 700 
Galveston 77550 University of Texas Medical Branch 2 2 260 
Houston 77025 Baylor College of Medicine 16.5 16.5 2700 
Houston 77030 St. Luke's Episcopal Hospital 11 11 750 
Houston 77030 University of Texas Medical School at Houston 1 2 620 
Houston 77030 Herman Hospital SAP Pl AA | 
San Antonio 78284 University of Texas Health Science Center 7 7 1200 
San Antonio 78236 Wilford Hall USAF Medical Center Lackland Air Force Base 4 4 1000 
Temple 76501 Scott and White Clinic 1 1 400 
UTAH 
Salt Lake City 84132 University of Utah College of Medicine 6 6 ot 
Salt Lake City 84132 Holy Cross Hospital ia 7. 500 
Salt Lake City 84132 Latter Day Saints Hospital ES E di5. 750 
Salt Lake City 84132 University of Utah Hospital YA EM n 300 
Salt Lake City 84132 Veterans Administration Hospital RU dae 450 
VERMONT 
Burlington 05401 . University of Vermont College of Medicine 4 4. 600 
VIRGINIA 
Charlottesville 22901 University of Virginia College of Medicine 5 5 688 
Richmond 23298 Medical College of Virginia 10 10 1600 
Richmond 23298 Veterans Administration Hospital Tr pie D ih 
WASHINGTON 
Seattle 98104 Harborview Medical Center NR NR NR 
Seattle 98195 University of Washington Hospitals 10 10 900 
Seattle 98195 U.S. Public Health Service Hospital Yr E ats 
WEST VIRGINIA 
Morgantown 26506 West Virginia University Medical Center NR NR NR 
WISCONSIN 
Madison 53706 University of Wisconsin Hospital 1 1 550 
Madison 53705 Veterans Administration Hospital 3 3 438 
Milwaukee 53226 Mount Sinai Medical Center 3 3 360 
Wauwatosa 53226 Medical College of Wisconsin 5 6 1880 
Wauwatosa 53226 Milwaukee County Hospital qv ree 471 
Wauwatosa 53226 St. Luke's Hospital te i MAR 559 


Wauwatosa 53226 Veterans Administration Hospital "R P 850 


NR = no response received. 
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*INDICATIONS — Based on a review of this drug by the National Academy of 
Science-National Research Council and/or other information, FDA has classi- 
fied the indication as follows: 


“Possibly” effective: For long-term therapy of chronic angina pectoris. Pro- 


longed therapy may reduce the frequency or eliminate anginal episodes, 
improve exercise tolerance, and reduce nitroglycerin requirements. The drug 
is Not intended to abort the acute anginal attack. 


Final classification of the less-than-effective indications requires further 
investigation. 


CONTRAINDICATIONS — No specific contraindications are known. 


PRECAUTIONS — Since excessive doses can produce peripheral vasodila- 
tion, the drug should be used cautiously in patients with hypotension 


ADVERSE REACTIONS — Adverse reactions are minimal and transient at 
recommended dosages. Instances of headache, dizziness, nausea, flushing, 
weakness or syncope, mild gastrointestinal distress and skin rash have 

been noted during therapy. Rare cases of what appeared to be an aggravation 
of angina pectoris have been reported, usually at the initiation of therapy. 

On those uncommon occasions when adverse reactions have been persis- 
tent or intolerable, withdrawal of medication has been followed promptly by 
cessation of undesirable symptoms. 


DOSAGE AND ADMINISTRATION — The recommended dosage is 50 mg 

(2 tablets) three times a day, taken at least one hour before meals. In some 
cases higher doses may be necessary but a significantly increased incidence 
of side effects is associated with increased dosage. Clinical response may 

not be evident before the second or third month of continuous therapy. 


For complete details, please see the full prescribing information. 






UT 
BOEHRINGER 
INGELHEIM 
Boehringer Ingelheim 
Boehringer Ingelheim Ltd., Elmsford, N.Y. 10523 


Illustrated: Queen of Hearts... from the series 
"Le jeu de Charles VII" created in Lyons, 
France in the second decade of the 16th century 


The gentlemen of this series had names; the 
ladies bore heroic slogans. This pack honored 
the life of Charles VII (1422-1461). 











Whats in the cards for the 
anginal patient? 


For centuries, dealing with the hearts ills has been 
the subtlest of arts, an intricate shuffling of skill and 
science. Even today, evaluating a drug for chronic 
angina pectoris involves the art of medicine as 
well as its science. 


During more than a decade of clinical experience, 
compounding both science and art, Persantine 
has often been found useful in the long-term man- 
agement of chronic angina pectoris.* It may: 


eliminate or reduce the frequency of anginal 
attacks 


improve exercise tolerance 





reduce nitroglycerin requirements 





Give enough...long enough (recommended dos- 
age: 50 mg t.i.d. atleast one hour before meals 
for 60 to 90 days or longer). 


Persantine: 


(dipyridamole) Tablets of 25 mg 


non-nitrate 
coronary vasodilator 


A Broken Heart 


It can start with a little 
high blood pressure 


Infarction with rupture of the wall in the left 
ventricle of man, 66. with mild hypertension. 
Biġod clot in pericardial sac. Postmortem. 
Phótographed exčluūsively for Boehringer 
Ingelheim by Lennart Nilsson 








Reach for 
normal 


blood 
pressure 

















In mild to moderate Bo 
hypertension M S 
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Catapres 
(clonidine HCI) 


Catapres can make a diuretic 
look good. 


When more than a diuretic is needed, adding Catapres 
usually lowers blood pressure more.! 


You can add Catapres to 
Catapres to get pressure down 


near normal. 


Wide therapeutic dosage range — 0.2 mg to 2.4 mg* 
daily. Catapres may be all you need to reach 
near-normal levels. 


*Doses as high as this have rarely been employed. 


Catapres usually doesn't add a 
lot of problems. 


The most common side effects — dry mouth, drowsiness, 
sedation — generally tend to diminish with time. When 
stopping Catapres, reduce dosage gradually over two 
to four days to avoid a possible rapid rise in pressure. 





Please see next page of advertisement for 
a brief summary of the prescribing information including 
precautions, warnings, and adverse reactions. 











1 mild to moderate hypertension 


weg 


Hypertension through the lens of 
Lennart Nilsson. The photographic 
genius of Lennart Nilsson has revealed 
extraordinary details of the human 
organism. Now, Boehringer Ingelheim 
has commissioned an exclusive series 
of photographs by Nilsson depicting 
hypertensive damage. This series, 
presented in the interest of continuing 
medical education, vividly records the 
progression of an insidious disease. 





The Catapres Potential: 
lood pressure not just down, 
Jut down near normal 


a re à 
-ata Dres... of 01 and 0 2 mg 


slonidine HCl) 


itart with Catapres when a 
iuretic is wrong for your patient 


idd Catapres when a diuretic 
lone doesn't let you reach 
ear-normal pressure 


atapres ^ 
‘lonidine hydrochloride) 
iblets of 0.1 mg and 0.2 mg 


dication: The drug is indicated in the treatment of 
‘pertension. As an antihypertensive drug, Catapres 
lonidine hydrochloride) is mild to moderate in potency. 
may be employed in a general treatment program 

th a diuretic and/or other antihypertensive agents 

; needed for proper patient response. 


arnings: Tolerance may develop in some patients 
'Cessitating a reevaluation of therapy. 

sage in Pregnancy: In view of embryotoxic findings in 
'imals, and since information on possible adverse 
fects in pregnant women is limited to uncontrolled 
inical data, the drug is not recommended in women 
10 are or may become pregnant unless the potential 
inefits outweigh the potential risk to mother and fetus. 
sage in Children: No clinical experience is available 
Nus use of Catapres (clonidine hydrochloride) in 
lildren. 


'ecautions: When discontinuing Catapres (clonidine 
rdrochloride), recuce the dose gradually over 2 to 
Gays to avoid a possible rapid rise in blood pressure 
id associated subjective symptoms such as nervous- 
'ss, agitation, and headache. Patients should be 
structed not to discontinue therapy without consulting 
eir physician. Rare instances of hypertensive encepha- 
pathy and death have been recorded after cessation 
clonidine hydrochloride therapy. A causal relation- 
lip has not been established in these cases. It has 
en demonstrated that an excessive rise in blood pres- 
ire, should it occur, can be reversed by resumption 
clonidine hydrochloride therapy or by intrave- 

us phentolamine. Patients who engage in poten- 

illy hazardous activities, such as operating machinery 
driving, should be advised of the sedative effect. 

lis drug may enhance the CNS-depressive effects of 
cchol, barbiturates and other sedatives. Like any other 
lent lowering blood pressure, clonidine hydrochloride 
iould be used with caution in patients with severe 
onary insufficiency, recent myocardial infarction, 
irebrovascular disease or chronic renal failure. 


As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug, some of them rarely. (In some instances 
an exact causal relationship has not been established.) 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride, chlorthalidone, and 
papaverine hydrochloride. Weight gain, transient eleva- 
tion of blood glucose, or serum creatine phosphokinase: 
congestive heart failure, Raynaud's phenomenon; vivid 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100. 
For complete details, please see full prescribing 
information. 
Under license from Boehringer Ingelheim GmbH 


Reference: 1. Data on file at Boehringer Ingelheim Ltd 


illl Boehringer Ingelheim Ltd. 
e» EImsford, New York 10523 
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| WANT FASTER SERVICE? 


| If you... Change your Address? 


| _.. Need Information? 
In YOUR PRESENT ADORESS LABEL BELOW 


AFFIX LABEL 


dards for 


If you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
magazine to you without it 


NAME 


CC (ae eee ee Tc RN 





Cuv LL STATE as) caduti diuidi det 


Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
to. 


American Journal of Cardiology 
Dun-Donnelley Publishing Corporation 


Yorke Medical Journals 
Circulation Department 


666 Fifth Avenue, New York, N.Y. 10019 
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t In diagnostic cardiology—where clarity of In short, Oscar Fisher delivers the finest film 
| information and speed of delivery is crucial — and paper processing equipment you can buy. 
Oscar Fisher equipment delivers. At any price. 

Delivers fast processing of cinefluorographic In a field where down-time can be a matter 
film and electrocardiograph paper — so vital of life or death, Oscar Fisher really stands 
for fast, accurate diagnosis. up. 

Delivers a speed for every need. (In almost No wonder more and more people are 
every case faster than comparable units that learning that when it really counts, you can 
cost a lot more.) count on Oscar Fisher. 

Delivers exacting design standards, stringent For more information contact us or your 
quality control, and simplified operation. nearest Oscar Fisher dealer. 





POLYTRACK PROCESSALL . MINISCOMAT MARK 16/35 


Speeds up to 24 f. p. m. Speeds up to 10 f. p. m. Speeds up to 75 f. p. m. 
Processes up to 4 diagnostic films. Processes Electrocardiograph Processes diagnostic cine- 

In cine fluorography, you want Paper in widths up to 20 inches. fluorographic films. 
fast results — but not at the price of Features: e Fine Grain e Minimal Secures full tonal reproduction 
fuzzy film detail. The Processall Infectious Development e Surface and complete clarity without 
gives you fine grain yield, superior Applicator for Finer Dry-to-Dry artifacts. Adjustable speed and 
resolution for a sharp image and Processing. Portable e Compact temperature controls permit 
all the detail you need for an e Sharper Image Definition e Lower selection of proper parameters for 
accurate diagnosis. Base Fog * No Darkroom * Absolute desired density, gamma, and 

And with the addition of the Dependability e Anyone Can Learn to acutance. True, quality control is 
moderately-priced Polytrack Operate it in an Hour. 316L Stain- simple and repeatable. Fully adjust- 
Modification any Processall gains less Steel Construction Throughout able controls let you use standard 
the added flexibility of being able for Years of Maintenance-Free or “hot” developing solutions. 
to process 4 diagnostic films at any Operation. Features: e Daylight Operated. 
interval. The operator doesn't e Easy to Learn. e Portable. e Dry- 
have to wait for the first cassette to-Dry. e Constructed of 316L 
to be finished before inserting the Stainless Steel Inside and Out. 
second, third or fourth film, or The Mark 16/35 is shipped com- 


stop the machine. 

Features: e Fixation and Drying 
e Variable Speed and Temperature 
Control e 316L Stainless Steel 
Construction. 


plete — no accessories are required. 





OSCAR FISHER CO, INC. 


P.O. BOX 2305 / NEWBURGH, N.Y. 12550 TELEPHONE (914) 562-3900 


All equipment manufactured by Oscar Fisher Company, Inc., is on GSA Contract. 





Hypoglycemia 
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Hypoglycemia 


This book is the result of the First European (Rome) 
Symposium on the subject. Hypoglycemia is a com- 
prehensive presentation covering both the clinical 
and investigative knowledge available now. Guest 
Editors are: D. Andreani, P. Lefèbvre and V. Marks. 


Emphasis is placed on diagnosis and treatment, and 
special considerations are offered on Stimulative 
Hypoglycemia, Alcohol Hypoglycemia,  Gastro- 
intestinal Hormones, Pancreatic Tumors, Reactive 
Hypoglycemia, and Hypoglycemia in Diabetics. 


These proceedings have made a substantial con- 
tribution to the understanding and management of 
this widely diagnosed disease. Now published and 
ready for worldwide distribution, the original material 
has the added value of close peer review and careful 
editing. 


Send us your order now, and receive your copy on 
our special 10-day free plan. 


Published in conjunction with Georg Thieme Pub- 
lishers, Stuttgart. 


YORKE MEDICAL BOOKS AJC-6/77 
666 Fifth Avenue, New York, New York 10019 


Yes, | would like to review Hypoglycemia-Proceedings of 
the First European Symposium. 


Please send me |... . copy(ies) on a 10-day free review 
basis. | understand | may return the book(s) at any time 
within 10 days and owe nothing or receive a prompt refund 
if | paid in advance. 

O Please bill me $23.00 plus $1.00 handling. 

D pial enclosed $2300*, publisher absorbs han- 

ling. 
| Canadi, Central & South America (Pre-Payment re- 
quired) $23.00 plus $2.00 shipping. 


NAME 
ADDRESS 

CRVITOWNN = SATE 3 ZIP 
SIGNATURE 





‘In New York State, please add appropriate tax. 
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Prescrib Fluid Th rapy 


with Confidence 


The new IL186 WEIL ONCOMETER" System and the IL601 Cardiac Output 
System work together to provide a more complete picture of cardiopulmonary 
condition and improved fluid therapy management. 









MEDICAL RECORU 





New IL186 WEIL ONCOMETER™ SYSTEM for COP measure- 
ments (with IL702 Recorder) 


1L186 WEIL ONCOMETER™ SYSTEM to Quantitate 
Risk of Pulmonary Edema 

The IL Oncometer measures colloid (oncotic) pres- 
sure (COP), an early reliable indicator for diagnosis 
and treatment of pulmonary edema. COP simplifies 
assessment of fluid balance and helps determine 
whether patient condition is critical. By providing COP 
measurements, the IL. Oncometer helps the physician 
determine whether to treat with colloids vs. crystalloids 
and/or diuretics. 

The IL Oncometer is easy to operate. It features stat 
capability. COP in mmHg is displayed in less than two 
minutes from serum or plasma samples of 300 ul. 


The IL702 Recorder interfaces with either the 
Oncometer or the Cardiac Output System to provide 
convenient record of changing pressure and tempera- 
ture. Combined with the Oncometer, the Recorder 
shows equilibrium point and any interferences. Used 
with the Cardiac Output System, the Recorder alerts 
operator to technique problems and may help detect 
certain physiologica! conditions, such as heart-shunt- 
ing or mitral valve regurgitation. 


2 


Instrumentation 
Laboratory Inc. 


Biomedical Division 
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IL601 CardiacOutput 
System Using 
Thermal Dilution 
Technique 


IL's Cardiac Output 
System and flow- 
directed catheters 
facilitate measure- 
ment of cardiac out- 
put (CO.), pulmonary 
artery temperature, pulmonary artery pressure (PAP), 
right atrial Mure and pulmonary capillary wedge 
pressure (PCWP). The system is portable. It can be 
used in laboratory, OR or at patient's bedside. Cardiac 
output determinations in liters/minute are provided in 
less than 20 seconds. 

Interchangeable catheters are available for all ages: 
2-French pediatric, 7-French adult, 7-French animal 
and pediatric and 2-French open-heart. Other handy 
accessories include iced injectate tray, nomogram and 
cardiac output slide rule. 


Oncometer and IL601 Work Together 

COP (measured by the oncometer) is optimally used 
with PCWP (measured with IL thermal dilution flow- 
directed catheters). Clinical studies show a highly sig- 
nificant relationship between a low COP-PCWP gra- 
dient (COP minus PCWP) and pulmonary edema. Thus, 
COP and PCWP help the physician prescribe diuretics, 
albumin or other therapy. 

Together, the IL Oncometer and the IL601 provide 
COP, PCWP, PAP and C.O. determinations to let the 
physician manage fluid and drug therapy. With unpre- 
cedented confidence. 

For demonstration of the Oncometer or the IL Car- 
diac Output System, call IL toll-free: 800 225-1481. For - 
technical papers or further information, write to IL at 
113 Hartwell Avenue, Lexington, MA 02173. 





IL601 Cardiac Output System 


NOW AVAILABLE... 





THE 
AMERICAN JOURNAL 
OF CARDIOLOGY 


YEAR 


CUMULATIVE 
INDEX 


Covers all material published in THE AMERICAN 
JOURNAL OF CARDIOLOGY from January 1968 
through December 1972. 





e CLINICAL STUDIES 

e EXPERIMENTAL STUDIES 
e SYMPOSIA 

e REPORTS ON THERAPY 

e REVIEWS 

e SEMINARS 

e CASE REPORTS 

e DIAGNOSTIC SHELF 

e HISTORICAL MILESTONES 


Includes Author Index— and —— Subject Index 
All subjects are cross indexed for quick and easy reference 


"There is a limited supply of the 10 Year Cumulative Index 
available — January 1958 through December 1967 — Price 
$10.00. While supply lasts order both for only $15.00. 


Please use order form below. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P.O. Box 1172, Radio City Station, New York, N.Y. 10019 


Send me THE AMERICAN JOURNAL OF CARDIOLOGY 
Cumulative Index or Indexes as checked below. 


O Enclosed is my check for $8 for 
5 YEAR CUMULATIVE INDEX 1968-1972 


O Enclosed is my check for $10 for 
10 YEAR CUMULATIVE INDEX 1958-1967 


C] Enclosed is my check for $15 for both 
the 5 and 10 YEAR CUMULATIVE INDEXES 


Name 


Address 





E 
City ree 





Stato - Aa La eei M. 


Please add appropriate sales tax if in New York State AJC-6/77 
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The 


H T-400 


m Fully automated central 
collection terminal for elec- 
trocardiograms m Automatic 
call-forwarding to remote 
computer m Allows you to- 
service for 
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JIN TON INTRODU 


HE THREE CHANNEL 
SYSTEM YOU'VE 
BEEN WAITING FOR. 


Designed for the real world. Take one look 
at our new three channel exercise testing mon- 
itor and you can see that it's designed asa 
practical working tool. 
The entire system is built into one sturdy, 
channe A Mee) ash oraaa A 
omy Three channel, no 
m > S fade scope. The 
c Model 633 displays 
Í three channels on the 
= scope and records 
- three channels on the 
SI recorder. With the 
“write-from-memory 
® feature, you can freeze 
$ a particular scope 
- ares E image, study it and 
cont it ^as Attire reference. 
Automatic lead rotation. Quinton's auto 
lead rotation changes lead groups automatically, 
making it easy to do full 12 lead resting ECG's 
before and after the exercise test. 
Easy to use. The x 
recorder is mounted 
in a convenient desk A 
top working area just E | 
below the control : 
panel. You can make EE 
notes and adjust controls easily ion having to 
reach or move around the unit. A handy storage 
area is located beneath the recorder desk. 
Signal processing output. [n addition to the 
full three channels displayed, every model 633 
comes with a fourth channel output which can 
be connected to a signal processor or computer 
for signal averaging or S- T Segment analysis. 
- a T Low noise, 
shielded cable. 
Each Model 633 
comes equipped with 
a special low noise, 
shielded patient cable 
to minimize extrane- 
ous noise and motion 
artifact. No battery 
pack is required. 


» ` 
NY 
ym we 
wie 


Pictured here with additional options. 
Tailored to your needs. Before your Model 
633 leaves the factory, you can have it set to 
automatically monitor the specific exercise lead 
group you select. 

The Model 633 is designed to grow with 
your needs. The basic unit includes the three 
channel monitor, recorder, patient cables and 
4th channel output. To this basic system you ca: 
add a Quinton Treadmill Control, Programmer, 
Defibrillator or S-T Segment Computer. 

For more information, contact Quinton 
Instruments, Dept. E106, 2121 Terry Avenue, 
Seattle, Washington 98121. Call Toll Free 
800-426-0538. QUINTON 
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CUSTOM MADE 
VOLUME FILES 


for your copies of 


JE AMERICAN JOURNAL OF CARDIOLOGY 
THE AMERICAN JOURNAL OF MEDICINE " 
THE AMERICAN JOURNAL OF SURGERY HT-600 


= The ultimate in computer-assisted 
electrocardiography m Simultaneously 
— acquires, processes, transmits data 
a Maintains real-time diagnostic log 
m On-line computerized exercise-stress 
program @ Processes over 100 ECGs per 
hour m Optional CARDIOSTORE™ 
- Automatic Storage/Retrieval System 
provides on-line storage of more than 
400,000 ECGs m Reliable, flexible for 
_ ECG demands of hospitals or cardiology 
centers _ | 











Designed to keep your journals orderly 
and readily accessible for reference. 
Sturdily constructed to guard against soil- 
ing, tearing or misplacement. Comes in 
a rich, washable simulated leather material 
with gold embossed lettering. 


Sigs. * 


Please specify title of publication and 
quantity of volume files when ordering. 


Prices: $4.95 each, 


3 for $14.00, 6 for $24.00 
U.S.A. ORDERS ONLY. 


-< 


JESSE JONES BOX CORP. Think of Health Tech first 
Department YP 
P.O. Box 5120 


DL:1 1 1.1: D. E 44 





Tou) os" 
A. 3. A - 
M ys Iv bL 
9 Mast |- 
1} 


Real time linear array scan. 


There's only one real time scanner 
that shows you the whole heart in 
a large field rectangular representa- 
tion. That's the ECHOCardioyv|SOR. 
You need a large field rectangular 
image to be able to make a direct 
comparison of the relative size of 
the cardiac structures and chambers. 
All other systems (phased array and 
mechanical scanner) produce a 
sector image, a wedge-shaped picture that gives you 
only a partial view of the heart. 

Linear array displays an entire cardiac cross sec- 
tion. Immediately, the heart appears as it really is— 
a complex moving system. Thus, you begin your 





Take a 
^ wholehearted 











Real time 60? sector scan. 


investigation with a complete overall view. Seeing at 
once the whole, you can better employ our Accordian 
Gain Control, Dual Simultaneous M-mode, Single or 
double beam selection, and Video processing for a 
detailed study and measurement of structures. Isn't 
that what real time scanning is all about? 

Why arent all scanners linear array scanners? 
Simple! Ours was the first patented system on the 
market. There are over a hundred users of the 
ECHOcardioyv|SOR world wide. Join them and take a 
wholehearted look at real time echocardiography. 
Write or phone us collect and we'll tell you how. 
Metrix Teknika, 

876 Ventura Street, Aurora, Colorado 80011. 
Telephone 303/343-8330. 
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IN CONGESTIVE HEART FAILURE ADD 


Sand a 
50 and 
100 mg. 


brand of pre 
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WHEN CONSERVATION OF POTASSIUM 
BALANCE IS DESIRED 


‘Dyrenium’ helps the patient 
retain essential potassium 
stores even during the first 
critical days of vigorous 
therapy with potent diuretics 
and digitalis. 


Hyperkalemia can occur with any K+ 
sparing agent, but it is rare in patients 
with normal renal function. Serum K+ 
and BUN should be checked 
periodically, particularly in elderly 
patients, diabetics, and those with 
suspected or confirmed renal 
insufficiency. Potassium supplements 
should not be used unless dosage 
adjustment fails to control excessive 
potassium loss and/or hypokalemia 
develops. Routine use of diuretics 

in healthy pregnant women is 
inappropriate. 


See last page of this advertisement for 
indications and brief summary of 
prescribing information. 


SI«GF CO. 


Carolina, P.R. 00630 





SKSF CO. 


— £* — alB8.B/78..—— — — ...— —.-.-. 








IN CARDIAC EDEMA’ 


DYRENIUM 


Capsules, 50 and 100 mg. 


IS THE DIFFERENCE IN 


DYAZIDE 


Each capsule contains 50 mg. of Dyrenium® 
(triamterene, SK&F Co.) and 25 mg. of 
hydrochlorothiazide. 








TO HELP MAINTAIN FLUID OUTPUT, 
LIMIT POTASSIUM LOSS 


The combination of triamterene and hydrochlorothiazide 
works to provide a smooth, dependable diuretic effect, 
as it helps to reduce the risk of digitalis intoxication 
due to diuretic-induced potassium depletion. 


“Not for initial therapy. See last page of this advertisement 
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‘Dyazide’ can cause 
hyperkalemia, although it is rare 
in patients with normal renal 
function. Serum K* and BUN 
should be checked periodically, 
particularly in elderly patients, 
diabetics, and those with 
suspected or confirmed renal 
insufficiency. Potassium 
supplements should not be used 
unless hypokalemia develops or 
normal dietary K* intake is 
markedly impaired. Routine use 
of diuretics in healthy pregnant 
women is inappropriate. 


SI«GF CO. 


Carolina, P.R. 00630 
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POTASSIUM-SPARING DIURETIC 


LOGICAL ADJUNCT TO K" -WASTING DIURETICS 
IN CONGESTIVE HEART FAILURE. 


Before prescribing, see complete prescribing information in SK&F litera- 
ture or PDR. The following is a brief summary. 


Indications: Edema associated with congestive heart failure, cirrhosis and 
nephrotic syndrome; steroid induced edema, idiopathic edema, and edema 
due to secondary hyperaldosteronism, to increase diuresis in patients resist- 
ant to other diuretics. Routine use of diuretics in healthy pregnant women is 
inappropriate; they are indicated in pregnancy when edema is due to patho- 
logical causes (see Warnings) 

Contraindications: Anuria. Severe or progressive kidney disease or dysfunc- 
tion. Severe hepatic disease. Pre-existing elevated serum potassium. Hyper- 
sensitivity. Continued use in developing hyperkalemia. Do not give potassium 
supplements, either by drug or by diet. 

Warnings: Observe regularly for possible blood dyscrasias, liver damage or 
other idiosyncratic reactions. Check BUN and serum potassium periodically, 
especially in the elderly, diabetics, and those with suspected or confirmed 
renal insufficiency. Use in pregnancy requires weighing anticipated benefits 
against possible hazards to the fetus, including adverse reactions which have 
occurred inthe adult. Triamterene may appear in breast milk. If its use is 
essential, the patient should stop nursing. 

"Dyrenium' and spironolactone are not usually used concurrently; if they are, 
however, frequent serum potassium determinations are required 


DYAZIDE 


Each capsule contains 50 mg. of Dyrenium* 
(triamterene, SK&F Co.) and 25 mg. of hydrochlorothiazide. 





POTASSIUM-SPARING DIURETIC 


Precautions: If hyperkalemia develops, withdraw the drug. The following ! 
also occur: electrolyte imbalance, low-salt syndrome (with low salt intake) 
reversible mild nitrogen retention, decreasing alkali reserve with possible 
metabolic acidosis. Triamterene is a weak folic acid antagonist. Do periodi 
hematologic studies in cirrhotics with splenomegaly. Concomitant use wit 
antihypertensive drugs may result in an additive hypotensive effect. When 
‘Dyrenium is to be discontinued after intensive or prolonged therapy, with 
gradually because of possible rebound kaliuresis. 

Adverse Reactions: Diarrhea, nausea and vomiting (may indicate electro 
imbalance), other gastrointestinal disturbances, weakness, headache, dry 
mouth, anaphylaxis, photosensitivity, elevated uric acid, rash. 

Note: When combined with another diuretic, the initial dosage of each age 
should be lower than recommended. 

Supplied: 50 and 100 mg. capsules, in bottles of 100 and in Single Unit 
Packages of 100 (intended for institutional use only). 





LOGICAL SELECTION FOR MAINTENANCE 


IN LONG-TERM CONTROL OF CARDIAC EDEMA. 


Before prescribing, see complete prescribing information in SK&F Co. 
literature or PDR. A brief summary follows: 


WARNING 


This drug is not indicated for initial therapy of edema or hypertension. 
Edema or hypertension requires therapy titrated to the individual. If this 


combination represents the dosage so determined, its use may be more 

convenient in patient management. Treatment of hypertension and 

ederna is not static, but must be reevaluated as conditions in each 

patient warrant. 
Indications: When the combination represents the dosage determined by 
titration: Adjunctive therapy in edema associated with congestive heart failure, 
hepatic cirrhosis, the nephrotic syndrome. Corticosteroid and estrogen- 


induced edema, idiopathic edema; hypertension, when the potassium sparing 
action of triamterene is warranted. Routine use of diuretics in healthy pregnant 


women is inappropriate; they are indicated in pregnancy only when edema is 
due to pathological causes (see Warnings). 


Contraindications: Further use in anuria, progressive renal or hepatic dys- 
function, hyperkalemia. Pre-existing elevated serum potassium. Hypersen- 
sitivity to either component or other sulfonamide-derived drugs. 


Warnings: Do not use potassium supplements, dietary or otherwise, unless 
hypokalemia develops or dietary intake of potassium is markedly impaired. 
If supplementary potassium is needed, potassium tablets should not be used. 
Hyperkalemia can occur, and has been associated with cardiac irregularities. 
it is more likely in the severely ill, with urine volume less than one liter/day, the 
elderly and diabetics with suspected or confirmed renal insufficiency. Period- 
ically, serum K+ levels should be determined. If hyperkalemia develops, 

substitute a thiazide alone, restrict Kt intake. Associated widened QRS 
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Precautions: Do periodic serum electrolyte determinations (particularly 
important in patients vomiting excessively or receiving parenteral fluids). 
Periodic BUN and serum creatinine determinations should be made, espe 
cially in the elderly, diabetics ot those with suspected or confirmed renal 
insufficiency. Watch for signs of impending coma in severe liver disease. If 
spironolactone is used concomitantly, determine serum K+ frequently; bo 
can cause K+ retention and elevated serum K+. Two deaths have been 
reported with such concomitanttherapy (in one, recommended dosage w 
exceeded, in the other serum electrolytes were not properly monitored). 
Observe regularly for possible blood dyscrasias, liver damage, other idio- 
syncratic reactions. Blood dyscrasias have been reported in patients receiv 
triamterene, and leukopenia, thrombocytopenia, agranulocytosis, and 
aplastic anemia have been reported with thiazides. Triamterene is a weak 
folic acid antagonist. Do periodic blood studies in cirrhotics with splenome: 
Antihypertensive effect may be enhanced in post-sympathectomy patients. 
Use cautiously in SU OM patients. The following may occur: transient eleve 
BUN or creatinine or both, hyperglycemia and glycosuria (diabetic insulin 
requirement may be altered), OU align and gout, digitalis intoxicatior 
(in hypokalemia), decreasing alkali reserve with possible metabolic acidos 
Dyazide' interferes with flourescent measurement of quinidine. 


Adverse Reactions: Muscle cramps, weakness, dizziness, headache, dry 
mouth; anaphylaxis, rash, urticaria, photosensitivity, purpura, other derma 
tological conditions; nausea and vomiting, diarrhea, constipation, other 
gastrointestinal disturbances. Necrotizing vasculitis, paresthesias, icterus, 
pancreatitis, xanthopsia and, rarely, allergic pneumonitis have occurred wi 
thiazides alone. 


Supplied: Bottles of 100 and 1000 capsules; Single Unit Packages of 100 
(intended for institutional use only). 
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Dr. Mason 


During the past decade the goals of the 
College have expanded considerably from 
the original aim of providing excellence 
in continuing postgraduate education in 
cardiovascular medicine. With its rapid 
development as the leading professional 
specialty society for American physicians 
specializing in cardiovascular disease, the 
College has also become the principal 
spokesman for this group. In this role, it 
has defined an important area of new 
concern, relations with government and 
participation in the development of health 
care legislation. For this purpose, the 
College has created a highly active Gov- 
ernment Relations Committee whose 
concerned members are exceptionally 
knowledgeable about health care issues 
and the Washington scene and are as- 
sisted by expert professional legislative 
counsel. 

The present Congress and executive 
branch promise to be active in developing 
health measures that will substantially 
affect the College membership. This year 
the operating authority of the National 
Heart, Lung, and Blood Institute must be 
renewed, and it appears to be the intent 
of Congressman Paul Rogers, chairman 
of the Subcommittee on Health of the 
House Interstate and Foreign Commerce 
Committee, in consort with President 
Jimmy Carter and Secretary of the De- 


partment of Health, Education and Welfare 
Joseph Califano, to seek only a 1 year 
extension at present. Similarly, in the 
Senate, Mr. Edward Kennedy plans to in- 
troduce a bill extending for 1 year all ex- 
piring programs of the Department of 
Health, Education and Welfare, including 
those of the National Heart, Lung, and 
Blood Institute. Both Congressman Rogers 
and Senator Kennedy are preparing for an 
in-depth evaluation of activities of the 
National Institutes of Health, which could 
result in substantial changes affecting the 
biomedical research community. Con- 
cerning appropriations for the National 
Heart, Lung, and Blood Institute for fiscal 
year 1978, both the Senate and House 
Labor-HEW Appropriation Subcom- 
mittees, chaired by Senator Warren 
Magnuson and Congressman Daniel 
Flood, respectively, held hearings in April 
at which I spoke on behalf of the College. 
The testimony was graciously received by 
Chairmen Magnuson and Flood and their 
Committee members and certain aspects 
should be of general interest to the Col- 
lege membership. 

At the onset, | stressed that death rate 
from heart disease has been reduced by 
30 percent during the past 25 years (since 
the establishment of the National Heart, 
Lung, and Blood Institute) with the most 
dramatic improvement in the past 5 years 
(since the National Heart, Blood Vessel, 
Lung, and Blood Act of 1972), but that 
mortality due to cardiovascular diseases 
still accounted for more than 50 percent 
of all deaths nationally. To continue this 
documented progress by the National 
Heart, Lung, and Blood Institute, the Col- 
lege recommended for fiscal year 1978 
a total appropriation for the Institute of 
$493 million with $306 million allocated 
to the Division of Heart and Vascular 
Diseases. The total Institute figure rep- 
resents only a relatively small increase 
(less than 12 percent) over the $436 mil- 
lion it estimates is necessary just to 
maintain its program efforts at the present 
year's level, taking inflation into account. 
Further, within the monies recommended, 
funding levels and rationale for research 
grants, National Research and Demon- 
stration Centers, training programs, re- 
search development contracts and in- 
tramural research were discussed. 
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Of special interest to College members 
was the testimony to the Senate and 
House committees concerning continuing 
medical education for physicians. | 
pointed out that under the impact of re- 
certification, relicensure and professional 
liability insurance, which has resulted in 
several state laws now mandating con- 
tinuing education prior to relicensure, the 
demand for continuing medical education 
has increased enormously. The issue is 
not funds to finance more operational 
programs and courses but support for 
research and development leading to 
more effective and efficient methods to 
help physicians stay abreast of advances 
in diagnosis and treatment. | urged that 
Congress provide sufficient support dol- 
lars to afford at least a modest beginning 
in continuing education research in the 
cardiovascular field. 

In regard to national health insurance, 
itis postulated that Congress will await the 
Administration's bill in 1978 although 
several proposals are currently under 
consideration: the Kennedy-Corman 
Health Security Act, which would place 
participating physicians under contract 
with the federal government; the proposal 
endorsed by the American Medical As- 
sociation for federal contributions to the 
cost of private insurance; the Long-Ribi- 
coff bill, directed toward catastrophic 
health coverage; and the Javits measure, 
focused on preventive care. In addition, 
federal legislation concerning potential 
Medicare-Medicaid fraud and abuse is 
being considered by Congressman Rogers 
and by Congressman Daniel Rostenkow- 
Ski, chalrman of the Subcommittee on 
Health of the House Ways and Means 
Committee. Reform of physician reim- 
bursement under the Medicare and Med- 
icaid programs is under assessment by 
Congressman Rostenkowski and by 
Senator Herman Talmadge, chairman of 
the Health Subcommittee of the Senate 
Finance Committee; proposed legislation 
would limit maximal Medicare full-billing 
charges and permit participating physi- 
cians a simplified claims procedure. 
Further, Congressmen Rogers and Ros- 
tenkowski have introduced to the House 
the Clinical Laboratories Improvement 
Act, which would establish a laboratory 
regulation unit within the Department of 
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Health, Education, and Welfare; this bill 
has already been passed by the Senate. 
in regard to drug legislation, Congressman 
Rogers has reintroduced the Drug Safety 
Amendments designed to require sub- 
stantial drug information labeling on indi- 
vidual prescriptions and to expand the 
authority of the Food and Drug Adminis- 
tration to suspend approved new drug 
applications. On the Senate side, Senator 
Kennedy is again considering measures 
to recast the existing Federal Food, Drug 
and Cosmetics Act. The College and the 
American Heart Association have estab- 
lished a joint committee to advise and 
scrutinize closely drug regulations pro- 
posed by the Food and Drug Administra- 
tion to ensure that our recommendations 
are fully expressed to pertinent offi- 
cials. 


Since the Medical Device Amendments 
became law in 1976, the Government 
Relations Committee of the College has 
been successful in modifying burdensome 
regulations of the Food and Drug Admin- 
istration relative to physician use of cus- 
tom devices for patient care. Of principal 
concern to our membership are the cur- 
rent regulations pertaining to Medicare 
reimbursement for ultrasonographic 
procedures. The College's Government 
Relations Committee was able to obtain 
reimbursements on an equal basis for all 
physicians who perform ultrasonography. 
This Committee is also carefully moni- 
toring the formulation and impact of reg- 
ulations of the Bureau of Health Planning 
of the Department of Health, Education, 
and Welfare concerning implementation 
of the Kennedy-Rogers National Health 







Planning and Resources Development 
Act. 

Finally, the officers and Government 
Relations Committee of the College will 
continue to maintain an active role both 


with the legislative and executive 
branches of the federal government in 
representing the interests of the entire 
College membership. Recent events 
clearly indicate that the College will be 
provided even greater opportunities to 
participate directly in the processes of 
shaping policies, laws and regulations 
within which our members as practition- 
ers, investigators and educators must 
work. 


Dean T. Mason, MD, FACC 
President 
American College of Cardiology 


1977—1978 Committee Appointments 


The following physicians have been named to the College committees listed below: 


ADMINISTRATIVE COMMITTEES 


Awards Committee 


Forrest H. Adams, MD, Chairman, 1979 . 
California 

Lawrence S. Cohen, MD, 1980 
Connecticut 

Harold T. Dodge, MD, 1978 
Washington 

Charles A. Hufnagel, MD, 1979 
District of Columbia 

Thomas N. James, MD, 1979 
Alabama 

Charles B. Mullins, MD, 1980 
Texas 


Budget, Finance and Investment 
Committee 


Samuel M. Fox, Ill, MD, Chairman, 1978 
Maryland 

J. William Cox, MD, PhD, 1978 
District of Columbia 

William A. Sodeman, MD, 1979 
Ohio 

Herbert L. Tanenbaum, MD, 1978 
Maryland 


Cardiovascular Norms Committee 


R. Joe Noble, MD, Chairman, 1978 
Indiana 

Maxwell G. Berry, MD, 1978 
Missouri 

Louis Gillespie, Jr., MD, 1978 
District of Columbia 


Brendan Phibbs, MD, 1978 
Arizona 

Arthur Selzer, MD, 1978 
California 

Sylvan L. Weinberg, MD, 1978 
Ohio 


Constitution and Bylaws Committee 


Robert E. Whalen, MD, Chairman, 1980 
North Carolina 

Richard A. Carleton, MD, 1980 
Rhode Island 

Roy H. Clauss, MD, 1979 
New York 


Credentials Committee 


Dan G. McNamara, MD, Chairman, 1979 
Texas 

Paul A. Ebert, MD, 1978 
California 

Adolph M. Hutter, Jr., MD, 1979 
Massachusetts 

Paul L. McHenry, MD, 1978 
Indiana 

Walt F. Weaver, MD, 1979 
Nebraska 


Executive Committee 


Dean T. Mason, MD, Chairman, 1979 
California 

Leonard S. Dreifus, MD, 1980 
Pennsylvania 

Robert S. Eliot, MD, 1978 
Nebraska 


Charles Fisch, MD, 1978 
Indiana 

Samuel M. Fox, Ill, MD, 1978 
Maryland 

Louis Gillespie, Jr., MD, 1978 
District of Columbia 

Borys Surawicz, MD, 1978 
Kentucky 


Government Relations Committee 


Charles Fisch, MD, Chairman, 1979 
Indiana 

Arthur C. Beall, Jr., MD, 1979 
Texas 

Nemat O. Borhani, MD, 1980 
California 

Eliot Corday, MD, 1980 
California 

Louis Gillespie, Jr., MD, 1978 
District of Columbia 

Allan M. Goldman, MD, 1978 


Louisiana ! 

Richard Gorlin, MD, 1979 
New York 

Antonio M. Gotto, Jr., MD, 1980 
Texas 

Jack H. Hall, MD, 1978 
Indiana 

James A. Kaufmann, MD, 1980 
Georgia 

John H. Mayer, Ill, MD, 1979 
Florida | 

Sylvan L. Weinberg, MD, 1979 
Ohio 


Heart House Committee 


B. L. Martz, MD, Chairman, 1978 
Indiana 

Forrest H. Adams, MD, 1978 
California 

Simon Dack, MD, 1978 
New York 

E. Grey Dimond, MD, 1978 
Missouri 

Donald A. Dupler, MD, 1978 
Pennsylvania 

Charles Fisch, MD, 1978 
Indiana 

Samuel M. Fox, Ill, MD, 1978 
Maryland 

Dwight E. Harken, MD, 1978 
Massachusetts 

Samuel Kaplan, MD, 1978 (ex officio) 
Ohio 

Suzanne B. Knoebel, MD, 1978 
Indiana 

Kenneth G. Kohlstaedt, MD, 1978 
Indiana 

William Likoff, MD, 1978 
Pennsylvania 

Henry D. Mcintosh, MD, 1978 
Florida 

Dean T. Mason, MD, 1978 
California 

Robert W. Oblath, MD, 1978 
California 

William C. Roberts, MD, 1978 
Maryland 

William A. Sodeman, MD, 1978 
Ohio 

H. J. C. Swan, MD, PhD, 1978 
California 

Henry A. Zimmerman, MD, 1978 
Ohio 


Long Range Planning Committee 


Leonard S. Dreifus, MD, Chairman, 1978 
Pennsylvania 
Borys Surawicz, MD, Vice Chairman, 1978 


Kentucky 

Robert S. Eliot, MD, 1978 
Nebraska 

Charles Fisch, MD, 1979 
Indiana 

Samuel M. Fox, Ill, MD, 1978 
Maryland 

James W. Kilman, MD, 1980 
Ohio 

Suzanne B. Knoebel, MD, 1978 
Indiana 

Dan G. McNamara, MD, 1979 
Texas 

Brendan Phibbs, MD, 1980 
Arizona 

William C. Roberts, MD, 1980 
Maryland 

John Ross, Jr., MD, 1978 
California 


Richard O. Russell, Jr., MD, 1978 
Alabama 





Ex e" i T TEEST P TTE = ne Hee » TX "m "TT FAR Puy E eT Fa ss cad TS TEM , iut ; " AT ak em mb EY Dieter, | DNE Ty Te 7 epee eS 


Membership Committee 


James W. Kilman, MD, Chairman, 1980 
Ohio 

William F. Friedman, MD, 1979 
California 

Shahbudin H. Rahimtoola, MD, 1980 
Oregon 


Nominating Committee 
Paul A. Ebert, MD, 1978 


California 

E. William Hancock, MD, 1978 
California 

Samuel Kaplan, MD, 1979 
Ohio 

Henry D. Mcintosh, MD, 1978 
Florida 

John H. Phillips, MD, 1979 
Louisiana 

William C. Roberts, MD, 1979 
Maryland 


EDUCATIONAL COMMITTEES 


ACCEL™ Committee 


E. Grey Dimond, MD, Chairman, 1978 
Missouri 

James E. Crockett, MD, 1978 
Missouri 

James H. Getzen, MD, 1978 
California 

Murray S. Hoffman, MD, 1978 
Colorado 

William Likoff, MD, 1978 
Pennsylvania 

B. L. Martz, MD, 1978 
Indiana 

R. Joe Noble, MD, 1978 
Indiana 

Robert W. Oblath, MD, 1978 
California 

Herbert D. Ruttenberg, MD, 1978 
Utah 

Don R. Santschi, MD, 1978 
Missouri 


Annual (1978) Scientific Sessions Program 
Committee 


Anthony N. DeMaria, MD, Chairman, 1979 
California 

Nemat O. Borhani, MD, Co-Chairman, 1979 
California 

Walter H. Abelmann, MD, 1978 
Massachusetts 

Mortimer J. Buckley, MD, 1978 
Massachusetts 

Lawrence S. Cohen, MD, 1978 
Connecticut 

Leonard S. Dreifus, MD, 1978 (ex officio) 
Pennsylvania 

Gerald Glick, MD, 1978 
Illinois 

Samuel Kaplan, MD, 1978 
Ohio 

Herbert J. Levine, MD, 1978 
Massachusetts 








AMERICAN COLLEGE OF CARDIOLOGY NEWS 


William W. Parmley, MD, 1978 
California 

Charles E. Rackley, MD, 1978 "—--— ° 
Alabama 

William C. Roberts, MD, 1978 
Maryland 


Bethesda Conferences Committee 


Leonard S. Dreifus, MD, Chairman, 1978 
Pennsylvania 

Walter H. Abelmann, MD, 1978 
Massachusetts 

Robert O. Brandenburg, MD, 1978 
Minnesota 

Charles R. Hatcher, MD, 1979 
Georgia 


Continuing Education Programs Committee 


Borys Surawicz, MD, Chairman, 1978 
Kentucky 
William Likoff, MD, Consultant to the Chair- 
man, 1978 
Pennsylvania 
Richard E. Bouchard, MD, 1978 


Vermont 

Harold A. Braun, MD, 1978 
Montana 

Stephen W. Carveth, MD, 1979 
Nebraska 

Lawrence S. Cohen, MD, 1978 
Connecticut 

James E. Dalen, MD 1980 
Massachusetts 

Anthony N. DeMaria, MD, 1980 
California 

Robert S. Eliot, MD, 1979 
Nebraska 


Michael S. Gordon, MD, PhD, 1979 
Florida 

Suzanne B. Knoebel, MD, 1979 (ex officio) 
Indiana 

Donald F. Leon, MD, 1980 
Pennsylvania 

Robert J. Luchi, MD, 1978 
Texas 

Rudolph J. Napodano, MD, 1979 
New York 

Arthur Selzer, MD, 1978 
California 

John H. K. Vogel, MD, 1980 
California 

Arnold M. Weissler, MD, 1980 
Michigan 


international Education Committee 


Eliot Corday, MD, Chairman, 1980 
California 

Mariano M. Alimurung, MD, 1978 
Philippines 

Nemat O. Borhani, MD, 1978 
California 

Simon Dack, MD, 1979 
New York 

Ira J. Gelb, MD, 1980 
New York 
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Learning Center Committee 


Suzanne . Knoebel, MD, Chairman, 1979 


In a 

Charles Fisch, MD, 1979 
Indiana 

Samuel Kaplan, MD, 1979 
Ohio 

James A. Ronan, Jr., MD, 1979 
Maryland 

Arthur Selzer, MD, 1979 
California 

Borys Surawicz, MD, 1978 (ex officio) 
Kentucky 

John F. Williams, Jr., MD, 1979 
Texas 


Learning Center Curriculum Committee 


Samuel Kaplan, MD, Chairman, 1978 
Ohio 

Gary J. Anderson, MD, 1978 
Pennsylvania 

Nemat O. Borhani, MD, 1978 


California 

J. William Cox, MD, PhD, 1978 
District of Columbia 

J. Michael Criley, MD, 1978 
California 

Larry Paul Elliott, MD, 1978 
Florida 

Mark L. Entman, MD, 1978 
Texas . 

Samuel M. Fox, Ill, MD, 1978 
Maryland 

J. O'Neal Humphries, MD, 1978 
Maryland 


Suzanne B. Knoebel, MD, 1978 (ex officio) 
Indiana 

Gerald M. Lemole, MD, 1978 
Pennsylvania 

William Likoff, MD, 1978 
Pennsylvania 

B. L. Martz, MD, 1978 (ex officio) 
Indiana 

E. Neil Moore, DVM, PhD, 1978 
Pennsylvania 

William C. Roberts, MD, 1978 
Maryland 

Donald E. Saunders, Jr., MD, 1978 
South Carolina 

Arnold Schwartz, PhD, 1978 
Texas 

Borys Surawicz, MD, 1978 (ex officio) 
Kentucky 

John F. Williams, Jr., MD, 1978 
Texas 


Liaison Committee on Educational 
Programs 


Charles Fisch, MD, Chairman, 1978 
Indiana 

Eliot Corday, MD, 1980 
California 

Simon Dack, MD, 1978 
New York 





Anthony N. DeMaria, MD, 1978 
California 

E. Grey Dimond, MD, 1978 
Missouri 

Leonard S. Dreifus, MD, 1978 
Pennsylvania 

Suzanne B. Knoebel, MD, 1979 
Indiana 

R. Joe Noble, MD, 1978 
Indiana 

Borys Surawicz, MD, 1978 
Kentucky 


Named Scientific Lectures Committee 


Dwight E. Harken, MD, Chairman, 1979 
Massachusetts 

Mary Allen Engle, MD, 1978 
New York 

Rolf M. Gunnar, MD, 1980 
Illinois 

Raymond D. Pruitt, MD, 1978 
Texas 

Edmund H. Sonnenblick, MD, 1980 
Connecticut 

H. J. C. Swan, MD, PhD, 1979 
California 


Preventive Cardiovascular Disease 
Committee 


Nemat O. Borhani, MD, Chairman, 1979 
California 

Henry W. Blackburn, Jr., MD, 1979 
Minnesota 

Paul L. McHenry, MD, 1979 
Indiana 

Robert F. Zelis, MD, 1979 
Pennsylvania 


Programs for Allied Health Professionals 
Committee 


Robert J. Luchi, MD, Chairman, 
Texas 

J. William Cox, MD, PhD 
District of Columbia 

Alan Duane Forker, MD 


Nebraska 

Arthur D. Hagan, MD 
California 

Max Harry Weil, MD 
California 


Publications Committee 


William C. Roberts, MD, Chairman, 1980 
Maryland 

Ezra A. Amsterdam, MD, 1980 
California 

Simon Dack, MD, 1978 (ex officio) 
New York 

Peter L. Frommer, MD, 1978 
Maryland 

Francis J. Klocke, MD, 1979 
New York 

John F. Williams, Jr., MD, 1979 
Texas 

Douglas P. Zipes, MD, 1978 
Indiana 





Self Evaluation Committee 


R. Joe Noble, MD, Chairman, 1978 
Indiana 

Melvin D. Cheitlin, MD, 1979 
California 

Charles Fisch, MD, 1978 
Indiana 

David H. Spodick, MD, 1979 
Massachusetts 


Young Investigators' Competition 
Committee 


William W. Parmley, MD, Chairman, 1979 
California 

Robert D. Conn, MD, 1979 
Missouri 

Harvey Feigenbaum, MD, 1978 
Indiana 

Michael V. Herman, MD, 1979 
New York 

John A. Waldhausen, MD, 1978 
Pennsylvania 


Ad Hoc Committee on Cardiovascular 
Procedures 


Charles E. Rackley, MD, Chairman 


Alabama 

Anthony N. DeMaria, MD 
California 

Harvey Feigenbaum, MD 
Indiana 

Nancy C. Flowers, MD 
Kentucky 

Paul L. McHenry, MD 
Indiana 

Richard L. Popp, MD 
California 

Richard O. Russell, Jr., MD 
Alabama 

Herman N. Uhley, MD 
California 


Ad Hoc Committee on Cardiovascular 
Surgery 


Jack M. Matloff, MD, Chairman 
California 

Robert G. Carlson, MD 
Minnesota 

John J. Collins, Jr., MD 
Massachusetts 

Grady L. Hallman, MD 
Texas 

W. Dudley Johnson, MD 
Wisconsin 

Martin J. Kaplitt, MD 
New York 

James W. Kilman, MD 
Ohio 

Gerald M. Lemole, MD 
Pennsylvania 


Ad Hoc Committee on ECG Interpretation 


Charles Fisch, MD, Chairman 
Indiana ° 


Henry W. Blackburn, Jr., MD 
Minnesota 

Leonard S. Dreifus, MD 
Pennsylvania 

Arthur D. Hagan, MD 
California 

Paul L. McHenry, MD 
Indiana 

Arthur Selzer, MD 
California 

Borys Surawicz, MD 
Kentucky 


Ad Hoc Committee on Emergency Room 
and Pre-Hospital Care 


Leonard A. Cobb, Jr., MD, Chairman 
Washington 

Gary J. Anderson, MD 
Pennsylvania 

Roy M. Baker, MD 
Florida 

James C. Dillon, MD 
Indiana 

Hilliard J. Katz, MD 
California 

Thomas Killip, MD 
Illinois 

Leonard Scherlis, MD 
Maryland 

C. Mark Vasu, MD 
Michigan 

Max Harry Weil, MD 
California 


Ad Hoc Committee on Ethics 


William Likoff, MD, Chairman 
Pennsylvania 

Paul A. Ebert, MD 
California 

Samuel M. Fox, Ill, MD 
Maryland 

Samuel Kaplan, MD 
Ohio 

Leon Resnekov, MD 
Illinois 


Ad Hoc Committee for Gift (Permanent) 
Acquisition for Heart House Building 


William C. Roberts, MD, Chairman 
Maryland 

Donald A. Dupler, MD 
Pennsylvania 

Dwight E. Harken, MD 
Massachusetts 

William A. Sodeman, MD 
Ohio 


Ad Hoc Committee on Goals and 
Objectives 


Charles Fisch, MD, Chairman 
Indiana 

Nemat O. Borhani, MD 
California 

Robert O. Brandenburg, MD 
Minnesota 





Richard W. Campbell, MD 
Indiana 

Leonard S. Dreifus, MD 
Pennsylvania 

Mary Allen Engle, MD 
New York 

James W. Kilman, MD 
Ohio 

Dean T. Mason, MD 
California 

Brendan Phibbs, MD 
Arizona 

William C. Roberts, MD 
Maryland 

John Ross, Jr., MD 
California 

Richard O. Russell, Jr., MD 
Alabama 

Warren J. Taylor, MD 
Massachusetts 

Walt F. Weaver, MD 
Nebraska 

John F. Williams, Jr., MD 
Texas 


Ad Hoc Library Acquisitions Committee 


B. L. Martz, MD, Chairman 
Indiana 

Michael S. Gordon, MD 
Florida ' 

W. Proctor Harvey, MD 

- District of Columbia 

David C. Schwartz, MD 
Ohio 

Robert L. Simmons, MD 
District of Columbia 


Ad Hoc Committee on Pediatric Cardiology 


David C. Schwartz, MD, Chairman 
Ohio 

Forrest H. Adams, MD 
California 

Donald A. Girod, MD 
Indiana 

Samuel Kaplan, MD 
Ohio 

James J. Nora, MD 
Colorado 

Saul J. Robinson, MD 
California 

Madison S. Spach, MD 
North Carolina 


COLLEGE REPRESENTATIVES TO OTHER 
ORGANIZATIONS 


American Academy of Family Physicians 


Robert S. Eliot, MD 
Nebraska 

William P. Nelson, MD 
Nebraska 


American Association for the 
Advancement of Science 


Edward W. Hawthorne, MD 
Maryland 


AMERICAN COLLEGE OF CARDIOLOGY NEWS 


American Board of Internal Medicine and 
Subspecialty Board Liaison in 
Cardiovascular Disease "ume ° 


Leonard S. Dreifus, MD 
Pennsylvania 

Charles Fisch, MD 
Indiana 

Dean T. Mason, MD 
California 


American College of Surgeons 


Dwight C. McGoon, MD 
Minnesota 

Jack M. Matloff, MD 
California 


American Heart Association 
ACC/AHA Cardiovascular Drug 
Committee 


August M. Watanabe, MD (ACC/AHA), 
Chairman, 1978 


Indiana 

Edward D. Frohlich, MD (AHA), 1978 
Louisiana 

Leonard S. Gettes, MD (ACC), 1978 
Kentucky 

Donald C. Harrison, MD (AHA), 1979 
California 

Stanley H. Hoffman, MD (ACC), 1979 
California 

Barrie Levitt, MD (ACC), 1980 
New York 

Alan S. Nies, MD (AHA), 1980 
Tennessee 


ACC/AHA Committee on Training of the 
Physician-Scientist in the Cardiovascular 
System and Its Diseases 
John T. Shepherd, MD, DSc (AHA), 
Chairman 
Minnesota 
Charles Fisch, MD (ACC), Co-Chairman 
Indiana 
Francois Abboud, MD (AHA) 
lowa 
Walter H. Abelmann, MD (ACC) 
Massachusetts 
Harold T. Dodge, MD (AUC) 
Washington 
Arnold M. Weissler, MD (SBC) 
Michigan 
Joint Officers Committee 
Leonard S. Dreifus, MD 
Pennsylvania 
Charles Fisch, MD 


Indiana 

Dean T. Mason, MD 
California 

William D. Nelligan, CAE 
Maryland 


Liaison With Annual Scientific Program 
Committee 
Anthony N. DeMaria, MD 
California 
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American Institute of Ultrasound in 
Medicine 


"Er Feigenbaum, MD 
Indiana 


American Medical Association 


Ad Hoc Subcommittee on Ultrasound 
Technology Essentials 
Arthur D. Hagan, MD 
California 
Current Medical Terminology Project 
Gerald Glick, MD 
Illinois 


Interspecialty Advisory Board 


Henry D. Mcintosh, MD, Representative 
Florida 
Leonard S. Dreifus, MD, Alternate Rep- 
resentative 
Pennsylvania 


Liaison Committee on Cardiopulmonary 
Resuscitation 


Stephen W. Carveth, MD 
Nebraska 


Section Council on Cardiovascular 
Disease 


George E. Burch, MD, Chairman 
Louisiana 

David B. Carmichael, Jr., MD 
California 

Eliot Corday, MD 
California 

John J. Curry, MD 
South Carolina 

Harold |. Griffeath, MD 
California 


NEW MEMBERS 
ELECTED 


The following individuals were elected to 
membership in the American College of Car- 
diology on February 17, 1977 in the category 
indicated. 


FELLOWSHIP 


ACEVEDO, Ramon E., MD, Milwaukee, WI 
AHMAD, Aftab, MB, Portland, OR 
ANGELI, Rudolph E., MD, Teaneck, NJ 
APSTEIN, Carl S., MD, Boston, MA 
ARNSDORF, Morton F., MD, Chicago, IL 
ARUGUETE, Jose, MD, Chicago, IL 
AWALT, Lawrence F., MD, Baltimore, MD 
BAHN, Cordell H., MD, Tacoma, WA 
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Robert W. Oblath, MD 
California 

William A. Sodeman, MD 
Ohio 


American National Standards Institute 
(Medical Devices Technical Advisory 
Board) 


Thomas Killip, MD 
Illinois 


Association for the Advancement of 
Medical Instrumentation 


Dean T. Mason, MD, Representative 
California 


Additional Representatives 


Leonard S. Dreifus, MD 
Pennsylvania 

Borys Surawicz, MD 
Kentucky 


Oxygenator Standards Committee 


William G. Malette, MD 
Nebraska 


Food and Drug Administration 


Ad Hoc Professional Committee 


August M. Watanabe, MD 
Indiana 


Inter-Society Commission for Heart Dis- 
ease Resources 


Samuel M. Fox, Ill, MD 
Maryland 


BARNER, Hendrick B., MD, St. Louis, MO 
BEAVER, Brian M., MD, West Palm Beach, 
FR. 
BEG, Rais A., MD, Cleveland, OH 
BERCU, Bernard A., MD, Pontiac, MI 
BERMAN, Gilbert M., MD, Southfield, MI 
BERRY, B. Eugene, MD, Baton Rouge, LA 
BETE, John M., MD, Hyannis, MA 
BHAKTA, R. D., MD, Detroit, MI 
BLESA, Enrique S., MD, Philadelphia, PA 
BOAK, Joseph G., MD, Neptune, NJ 
BOGNOLO, Diego A., MD, Tampa, FL 
BOUGH, Edward W., MD, Ft. Dix, NJ 
BOWER, Philip J., MD, New Orleans, LA 
BOWES, Donald E., MD, Danville, PA 


National Academy of Sciences 


Assembly of Life Sciences 


Dean T. Mason, MD 
California 


National Board of Medical Examiners 


Hypertension Medical Audit Study 


Alfred M. Sellers, MD 
Pennsylvania 


National Commission for Clinical 
Engineering Certification 
Alvin H. Freiman, MD 
New York 


National Heart, Lung, and Blood Institute 


Liaison with institute Director 


Leonard S. Dreifus, MD 
Pennsylvania 

Charles Fisch, MD 
Indiana 

Dean T. Mason, MD 
California 


National High Blood Pressure Education 
Program 


Frank A. Finnerty, Jr., MD 
District of Columbia 


National Society for Medical Research 
Council 


William H. Wehrmacher, MD 
Illinois 


World Health Organization 


Task Force on Nomenclature of 
Arrhythmias 


Charles Fisch, MD 
Indiana 


BREGMAN, David, MD, New York, NY 
BRODIE, Bruce R., MD, Chapel Hill, NC 
BROOKS, Harold L., MD, Chicago, IL 
BROUS, Philip P., MD, Euclid, OH 
BUCHMAN, Joseph G., MD, Ridgefield, CT 
CALL, Lloyd S., MD, Pocatello, ID 
CAVIN, William J., Jr., MD, Las Vegas, NV 
CHESEBRO, James H., MD, Rochester, MN 
CHOBANIAN, Aram V., MD, Boston, MA 
CHU, Shu Hsun, MD, Taipei, Taiwan 
CLEVELAND, Joseph C., MD, Urbana, IL 
CREVASSE, Lamar E., Jr., MD, Gainesville, 
FL 
DANAHY, Daniel T., MD, Long Beach, CA 
DeMOTS, Henry, MD, Portland, OR 





DEVIREDDY, Lingareddy, MD, Harper Woods, 
MI 
DHATT, Malkiat S., MD, Staten Island, NY 
DiDONNA, George J., MD, El Paso, TX 
DOCES, John G., MD, Seattle, WA 
DOUGLAS, John S., Jr., MD, Atlanta, GA 
DOVE, James T., MD, Springfield, IL 
DRAKE, David F., MD, Cincinnati, OH 
EHRICH, Dennis, MD, San Diego, CA 
EL-SHERIF, Nabil E., MB, Miami, FL 
ENGLISH, Milton T., Ill, MD, Seattle, WA 
ERJONGMANEE, Udom, MD, Mahachai, Thai- 
land 
ESTAFANOS, Fawzy George, MD, Cleveland, 
OH 
ESHAGHPOUR, Eshagh, MD, Philadelphia, 
PA 
ESTEVEZ, Carlos M., MD, St. Petersburg, FL 
FABI, Mario N., MD, Scranton, PA 
FARAG, Kameel F., MD, Los Angeles, CA 
FARIS, James V., MD, Indianapolis, IN 
FELIX, Jose M. F., MD, Fall River, MA 
FERNANDEZ, Pedro R., MD, Miami, FL 
FISHER, John D., MD, Bronx, NY 
FLAHERTY, John T., MD, Baltimore, MD 
FLOYD, Gwynne D., MD, Ft. Sam Houston, 
TX 
FOGELMAN, Alan M., MD, Los Angeles, CA 
FOOTE, William C., MD, El Paso, TX 
FULLER, Earl W., Jr., MD, Franklin, VA 
GECZY, Maria, MD, Philadelphia, PA 
GILLON, David S., MD, Santa Barbara, CA 
GOEN, Rayburne W., Jr., MD, Tulsa, OK 
GOODMAN, Daniel J., MD, Hackensack, NJ 
GOTTO, Antonio M., Jr., MD, Houston, TX 
GRANADO, Felipe M., MD, Madrid, Spain 
GRIFF, Franklin W., MD, Canton, OH 
GROVER, Frederick L., MD, San Antonio, TX 
GULLOTT, Richard F., MD, Schenectady, NY 
GUSTIN, Byron W., MD, Cincinnati, OH 
HALL, Buford, MD, Hinsdale, IL 
HAMES, Curtis G., MD, Claxton, GA 
HAMMER, William J., MD, Philadelphia, PA 
HANTMAN, Jerome, MD, Columbia, MD 
HARNER, Robert H., MD, Rockford, IL 
HARRISON, Eric E., MD, Tampa, FL 
HARTSUCK, James M., MD, Oklahoma City, 
OK 
HASHIMOTO, Keiichi, MD, Tokyo, Japan 
HASSAN, A. Barry, MD, Hollywood, FL 
HAWN, Jerold A., MD, Eugene, OR 
HEIDENBERG, William J., MD, White Plains, 
NY 
HELM, Boyd E., MD, Baton Rouge, LA 
HENRY, John N., MD, Reno, NV 
HINNEN, Michael L., MD, Spokane, WA 
HIRSCH, Henry D., MD, Hollywood, FL 
HODGES, Morrison, MD, Minneapolis, MN 
HOGAN, Gilbert F., MD, New Haven, CT 
HOUSMAN, Leland B., MD, San Diego, CA 
HUETER, David C., MD, Boston, MA 
HUTCHINSON, Richard G., MD, Jackson, MS 
IVERSON, Leigh |. G., MD, Oakland, CA 
JACK, William David, Il, MD, Corpus Christi, 
TX 


JACKSON, Larry K., MD, District of Colum- 
bia | 
JAMES, Frederick W., MS, Cincinnati, OH 
JANUSZ, Walter F., MD, Hanover, PA 
JASUJA, Manohar L., MB, Lombard, IL 
JESRANI, Mohan U., MB, Ocala, FL 
JONES, Ellis L., MD, Atlanta, GA 
JOSHI, Dinesh K., MB, District of Columbia 
JULIEN, Steve P., MB, Lauderdale Lakes, FL 
KAHN, Martin L., MD, New York, NY 
KAISER, George C., MD, St. Louis, MO 
KALUSH, Samuel L., MD, Milwaukee, WI 
KANE, James J., Jr., MD, Little Rock, AR 
KELEMEN, Michael H., MD, Baltimore, MD 
KELLER, Barnes D., MD, New Brunswick, NJ 
KELLEY, Michael J., MD, New Haven, CT 
KENNEDY, Harold L., MD, Baltimore, MD 
KHALIL, Kamal G., MD, Houston, TX 
KHAN, Rahman G., MD, Brooklyn, NY 
KIANG, Shinnan, MD, Bloomington, IL 
KRASNOFF, Sidney O., MD, Elkins Park, PA 
KRISHNASWAMI, Shekhar S., MB, Vellore, 
India 
KUMAR, Samuel P., MB, Cheyenne, WY 
KWON, KiHong, MD, Fullerton, CA 
LAKS, Hillel, MD, St. Louis, MO 
LAVELLE, Michael T., MD, Vancouver, WA 
LEBLANG, Stanley V., MD, New Rochelle, 
NY 
LEVENSON, Leslie W., MD, Marrero, LA 
LEVY, Arthur J., MD, Atlanta, GA 
LI, Wei-i, MD, Seattle, WA 
LOHRBAUER, Leif, MD, Jacksonville, FL 
LONDON, Berton L., MD, Southfield, MI 
McANULTY, John H., Jr., MD, Portland, OR 
McCORMICK, John R., MD, Boston, MA 
McCULLAGH, W. Henry, Jr., MD, Jacksonville, 
FL 
McKENZIE, Earl, Ill, MD, Tallahassee, FL 
MacLEOD, D. Scott, MD, Rome, GA 
MacNEIL, Daniel J., MD, Oakland, CA 
MAHONEY, Ronald P., MD, Houston, TX 
MAKOUS, Norman, MD, Philadelphia, PA 
MANISCALCO, Benedict S., MD, Tampa, FL 
MARGOLIS, James R., MD, South Miami, FL 
MARTIN, Hal A., MD, Ft. Sam Houston, TX 
MATHUR, Virendra S., MD, Houston, TX 
MENDLOWITZ, Milton, MD, New York, NY 
MERCADO, Fausto, MD, Guadalajara, Mexi- 
co 
MERGENTHALER, Francis W., MD, Bridgeport, 
CT 
MILLER, Roger A., MD, Toledo, OH 
MILLER, Stuart M., MD, Marina Del Rey, CA 
MOHAN, P. R., MB, Rangoon, Burma 
MOHIUDDIN, Sultan, MD, Smithtown, NY 
MOREY, John P., MD, Huntington Beach, CA 
MURPHY, Kenneth F., MD, Chelmsford, MA 
MURRAY, Gordon F., MD, Chapel Hill, NC 
MYINT, Ye, MB, Rangoon, Burma 
NADAS, Alexander S., MD, Boston, MA 
NANIAN, Kenneth B., MD, Providence, RI 
NATARAJAN, Narayanan, MD, New Bruns- 
wick, NJ 
NELSON, Richard R., MD, Minneapolis, MN 
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NINO, Alfredo F., MD, Hartford, CT 

NORDENBERG, Aaron, MD, Camp Hill, PA 

OLINGER, Gordon N., MD, Milwaukee wl * 

ORVALD, Thomas O., MD, Burbank, CA 

PAGANO, James M., MD, Tustin, CA 

PANDIT, |. N., MD, Pittsburgh, PA 

PARAMESHVARA, V., MB, Bangalore, India 

PATEL, Ashvin K. I., MD, Madison, WI 

PAULETTO, Ferrel J., MD, Philadelphia, PA 

PHILLIPS, Steven J., MD, Des Moines, IA 

PINE, Michael B., MD, Boston, MA 

PORCIUNCULA, Camilo I., MD, Quezon City, 
Philippines 

POTE, Harry H., MD, Ridley Park, PA 

PRCHKOV, Vassil K., MD, Buffalo, NY 

QUERESHY, Mahmood A., MD, Highland Park, 
NJ 

RAFII, Shahrokh, MD, Brooklyn, NY 

REEVES, Kenneth W., MD, Augusta, GA 

RITCHIE, James L., MD, Seattle, WA 

RIVAS, Frank, MD, Augusta, GA 

ROGERS, Albert K., MD, Philadelphia, PA 

ROMM, Richard E., MD, Eugene, OR 

ROSE, Fred D., MD, Atlanta, GA 

RUBENSTEIN, Simeon A., MD, Seattle, WA 

RUDOLPH, Prof. Werner, Munich, West Ger- 
many 

RUPP, Richard J., MD, Topeka, KS 

SACHS, Richard G., MD, Summit, NJ 

SADE, Robert M., MD, Charleston, SC 

SALERNI, Rosemarie, MD, Pittsburgh, PA 

SALVADOR, Joshua, MD, Bellwood, IL 

SANDERS, Michael R., MD, Mamaroneck, 
NY 

SANDERSON, John N., MD, Travis AFB, CA 

SCHAEFER, Richard A., MD, Medford, OR 

SCHEEL, Franklin M., MD, Fall River, MA 

SCHWARTZ, Gary P., MD, Andrews AFB, 
DC 

SCHWARTZ, Peter J., MD, Milan, Italy 

SCOTT, Meredith L., MD, Orlando, FL 

SHAH, R. S., MD, Levittown, PA 

SHAW, Richard C., MD, St. Louis, MO 

SHELGIKAR, Suhas K., MD, Milwaukee, WI 

SHERBER, Harvey S., MD, District of Colum- 
bia 

SHIN, Choon S., MD, Brooklyn, NY 

SHORT, Howard W., MD, Racine, WI 

SIEPSER, Stuart L., MD, Wayne, NJ 

SIM, David N., MD, Boise, ID 

SIMON, Arthur B., MD, Ann Arbor, MI 

SMITH, Hugh C., MD, Rochester, MN 

SMITHWICK, Walter, Ill, MD, Jacksonville, 
FL 

SPEARS, James R., MD, New York, NY 

STAREK, Peter J. K., MD, Chapel Hill, NC 

STEIER, Michael E., MD, Ft. Myers, FL 

STEIN, David W., MD, Ft. Dix, NJ 

STEVENSON, Richard G., Il, MD, Wheeling, 
WV 

STEWART, John W., MD, Halifax, Nova Sco- 
tia 

STONE, Neil J., MD, Chicago, IL 

STRUG, Burt S., MD, New Orleans, LA 

SU, Chia-Chuen, MD, Hagerstown, MD 

SUNG, Pei-Kun, MD, Taipei, Taiwan 
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SUTTON, George C., MD, Middlesex, En- 
gland 
SVEN@ON, Robert H., MD, Charlotte, NC 
TEMPLETON, Gilbert W., MD, Philadelphia, 
PA 
THOMAS, Kenneth E., MD, Atlanta, GA 
THOMPSON, James l., MD, Duluth, MN 
TOOLE, John C., MD, APO NY 
TUQAN, Sa'd Khalil, MD, Wilmington, DE 
VERGNE-Marini, Pedro, MD, Dallas, TX 
VERNICK, Richard, MD, West Bridgewater, 
MA 
VERRIER, Richard L., PhD, Boston, MA 
VICTOR, Edgar G., MD, Recife, Brazil 
VON LEHE, Diedreich P., Jr., MD, Charleston, 
SC 
WAGNER, Philip I., MD, Kalamazoo, MI 
WAKABAYASHI, Akio, MD, Irvine, CA 
WATHANACHAROEN, Suchint, MD, Kansas 
City, MO 
WEISBERGER, Calvin L., MD, Los Angeles, 
CA 
WEISFELDT, Myron L., MD, Baltimore, MD 
WEISS, James L., MD, Baltimore, MD 
WEISS, Melvin B., MD, New York, NY 
WIENS, Robert D., MD, St. Louis, MO 
WIKMAN-COFFELT, Joan, PhD, Davis, CA 
WILDENTHAL, C. Kern, MD, Dallas, TX 
. WILSON, Michael R., MD, Modesto, CA 
. WITTENBERG, Stephen M., MD, Springfield, 
MA 
YANOWITZ, Frank G., MD, Salt Lake City, 
UT 
-YAZDANFAR, Shahriar, MD, Philadelphia, 
PA 
YOKOYAMA, Taro, MD, Los Angeles, CA 
ZEFF, Robert H., MD, Des Moines, IA 
ZONE, Donald D., MD, Erie, PA 
-ZONERAICH, Olga, MD, Flushing, NY 


ADVANCE TO FELLOWSHIP 


AKRE, Philip R., MD, Las Vegas, NV 
ALPERT, Joseph S., MD, Boston, MA 
AYNESWORTH, Brian, Jr., MD, Waco, TX 
BHARATI, Saroja, MD, Chicago, IL 
BREWER, Timothy F., Ill, MD, Norwich, CT 
BRODER, George, MD, Redondo Beach, CA 
CINTRON, Guillermo, MD, San Juan, PR 
COHEN, Larry S., MD, North Miami Beach, 
FL 
COLTART, D. John, MD, London, England 
CRISAFI, Bartel R., MD, Greenwich, CT 
de SOYZA, Neil D. B., MD, Little Rock, AR 
EYBEL, Carl E., MD, Chicago, IL 
FISCHER, John C., MD, Ann Arbor, MI 
FRANK, Martin J., MD, District of Columbia 
GANN, Dietmar, MD, Miami Beach, FL 
GREHL, Todd M., MD, Sacramento, CA 
HERMOSILLO, J. Antonio G., MD, Mexico, DF, 
Mexico 
HUNTINGTON, Peter P., MD, Syracuse, NY 
ISKANDRIAN, Abdulmassih S., MB, Philadel- 
phia, PA 
KATZ, Michael R., MD, Linwood, NJ 
KINARD, Sam A., Jr., MD, Phoenix, AZ 
LIPSCHULTZ, Arthur J., MD, Phoenix, AZ 
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LISTA, William A., MD, Philadelphia, PA 
MALONEY, James D., MD, Rochester, MN 
MARSH, David G., MD, San Diego, CA 
MAYORGA-Cortes, Alvaro, MD, Miami, FL 
MOCK, Michael B., MD, Rockville, MD 
MUNOZ-Santiago, Agustin, MD, Rio Piedras, 
PR 
NAGGAR, Charles, MD, Brookline, MA 
NATARAJAN, Gangaiah, MB, Philadelphia, 
PA 
NORCERO, Michael A., Jr.. MD, Orlando, FL 
OEI, Hak K., MD, New Orleans, LA 
PAINE, Emmons G., MD, Haddonfield, NJ 
PAULAY, Karlen L., MD, Ossining, NY 
PAYVANDI, Mohammad N., MD, lowa City, 
IA 
PIRACHA, Abdul R., MD, Princeton, WV 
REID, Michael S., MD, Great Falls, MT 
REIFFEL, James A., MD, New York, NY 
ROBERTS, Robert, MD, St. Louis, MO 
RODENSKY, Paul L., MD, Hollywood, FL 
ROMNEY, David, MB, Scarborough, Ontario 
ROPER, Philip A., MD, Phoenix, AZ 
SATINSKY, Jonathan, MD, Philadelphia, PA 
SAUL, Barry l., MD, Brooklyn, NY 
SAWAYA, Jabir l., MD, Atlanta, GA 
SINNO, Mohamed Z., MD, Maywood, IL 
STEWART, Franz H., Jr., MD, Miami, FL 
WIEFELS, Frank L., MD, San Jose, CA 
WHITE, Lawrence W., MD, Cleveland, OH 
YAN, Victor W. T., MB, Hong Kong 


ASSOCIATE FELLOWSHIP 


ANASTASSIADES, Pantelis, MD, Nicosia, 
Cyprus 

ATALLAH, Pierre C., MD, Bloomfield Hills, 
MI 

ATTAYA, Nabel M., MD, Lubbock, TX 

BARDACK, Richard A., MD, Marietta, GA 

BATES, G. Comer, MD, North Kansas City, 
MO : 

BEEBLE, John, MD, Waterbury, CT 

BUNKER, Frank H., MD, Benton Harbor, MI 

CASAL, Humberto, MD, Caracas, Yenezuela 

CHAHIN, Jacques, MD, Concord, CA 

CHUA, Windell T., MD, Parkersburg, WV 

CRUMBO, Donald S., MD, Dallas, TX 

Del VICARIO, Michele, MD, San Pedro, CA 

DETWILER, John H., MD, Escondide, CA 

Di GIACOMO, Paul R., MD, Lebanon, PA 

DOCTOR, Umakant S., MD, Kalamazoo, MI 

FURR, Charles M., MD, Erie, PA 

GANCHAN, Richard P., MD, Reno, NV 

GORWIT, Jeffrey l., MD, Escondido, CA 

GRAUER, Leonard E., MD, New Haven, CT 

HENNING, Robert J., MD, Los Angeles, CA 

HERNANDEZ-Lopez, Edgardo, MD, San Juan, 
PR 

KHAZNEHKATBI, Fuad F., MD, Birmingham, 
MI 

KIRPALANI, Bhagwan U., MD, Miami Beach, 
FL 

KREPS, Edward M., MD, New York, NY 

LABORDE, Nolan J., Jr., MD, New Orleans, 
LA 





LAPP, Michael E., MD, Indianapolis, IN 
LONGO, Edward A., MD, Middletown, CT 
McGREW, Frank A., Ill, MD, Memphis, TN 
PECK, Robert M., MD, Los Angeles, CA 
RABINOWITZ, Stephen H., MD, Brookline, 
MA 
REAGAN, Patrick J., MD, Omaha, NE 
REUBEN, Howard J., MD, Phoenix, AZ 
RICHARDS, Mary K., MD, Little Rock, AR 
ROSENBERG, Donald G., MD, North Miami, 
FL 
SANTOS, Alvani D., MD, Rochester, MN 
SBOKOS, Costas G., MD, Athens, Greece 
SEGAL, Marvin S., MD, Minneapolis, MN 
SIMON, Edward B., MD, Miami, FL 
SKOULAS, Achilles, MD, Santa Clara, CA 
TANNENBAUM, Richard E., MD, South Miami, 
FL 
TART, James A., MD, Pinehurst, NC 
TUMMALA, Sivaramaprasad, MB, Maywood, 
IL 
WANG, Alexander T., MD, La Grange, IL 
WARD, Ronald W., MD, Salt Lake City, UT 
WOODRUFF, David E., Jr., MD, Martinez, 
CA 
ZEMAN, William F., Il, MD, Omaha, NE 


ADVANCE TO ASSOCIATE FELLOWSHIP 


CORTIS, Bruno S., MD, Oak Park, IL 

COSTA, Felix, MD, Vigo, Spain 

FUTRAL, Allen A., Jr., MD, Winchester, VA 

MAUTNER, Richard K., MD, New Orleans, 
LA 

MORAGREGA, Jose Luis, MD, Mexico, DF, 
Mexico ' 


AFFILIATE 


ASCHER, Julian J., MD, Buffalo, NY 

BATISTA de Paula, Joao, MD, Itaperuna, Bra- 
zil 

BELL, Joseph H., Ill, MD, National City, CA 

BITETTO, Nicola, MD, Reading, PA 

BURNETT, Clem F., Jr., MD, Mayfield, KY 

CARPENTER, N. Harry, MD, Ft. Lauderdale, 
FL 

EISMAN, Eugene H., MD, North Miami, FL 

FRANCESCHINI, Lelio G., MD, Solon, OH 

HENRY, Melvin L., MD, Tacoma, WA 

HOLMAN, William A., MD, Ft. Smith, AR 

HUYCK, Marvin L., MD, Walton, NY 

JAYATILAKA, George, MD, Long Beach, CA 

LUKES, James J., PhD, Worcester, MA 

MILLER, Raymond D., MD, Okmulgee, OK 

RANA, Thakor C., MD, Bronx, NY 

RANDECKER, Harold H., Jr., MD, Long Beach, 
CA 

RICK, John J., MD, Morgantown, WV 

SHAKIN, William L., MD, Vallejo, CA 

SIQUEIRA, Carmelindo, Jr., MD, Mendes, 
Brazil 
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Five Finalists’ Abstracts: Young Investigators’ Awards Competition 


American College of Cardiology, 26th Annual Scientific Session ~. o 


Las Vegas, Nevada, March 7 to 10, 1977 


FIRST PRIZE 


ELECTROPHYSIOLOGICAL STUDIES ON A-V NODAL WENCKEBACH 
CYCLES. Michael B. Simson, M.D., Joseph F. Spear, Ph.D., 
FACC, E. Neil Moore, DVM, Ph.D., FACC., Cardiovascular 
Section, Hospital of the University of Pennsylvania, 
Philadelphia, PA 19104 


4:3 Wenckebach cycles (WC), produced by rapid atrial 
pacing, were studied in 27 anesthetized denervated dogs 
using prògrammed stimulation. A test stimulus (S') 

could be applied after any preselected beat of the WC. 

An on-line computer measured the atrial (A) to His 

bundle (H) intervals. In all dogs a progressive increase 
in refractoriness was seen as the WC proceeded as marked 
by an increase in the effective refractory periods and 

a rightward shift of the A'-H' vis A-A' refractory curves 
(RC). Analysis of RC showed that atypical WC could be 
produced by small changes in the basic cycle length. 

No evidence for reentry was found from the RC of WC 

and by interrupting the S after the third S of a 4:3 WC. 
Analysis of the A'-H' vis (H-A') and A'-H' vis (H-A', 
A-A') RC did not confirm a positive feedback mechanism. 
To mimic a WC a blocked premature beat (PB) was inserted 
during 1:1 conduction. The changes in the RC for 
successive beats after the PB were rate dependent, and 
similar to WC, but smaller. In WC there is a progressive 
increase in refractoriness, due to a cumulative effect, 
similar to that seen after a blocked beat during stressed 
1:1 conduction, until block occurs and the cycle resets. 


HONORABLE MENTION 


THE CAROTID SINUS REFLEX IN DOGS WITH LOW TO HIGH SODIUM 
INTAKE 

Albert P. Rocchini, M.D., James R. Cant, Ph.D., A. 
Clifford Barger, M.D., Harvard Medical School, Boston, 
Ma. 02115 


The magnitude of the rise in systemic pressure with ca- 
rotid artery occlusion in three salt states was evalu- 
ated in six chronic, unanesthetized dogs. Dogs were 
surgicaliy prepared with bilateral carotid artery loops, 
and catheters were chronically implanted in the carotid 
artery distal to the loop, and with abdominal aorta and 
vena cava. Each dog had carotid artery occlusion per- 
formed for at least 20 min on six consecutive days while 
on a diet containing 10 (low Na), 70 (normal Na), or 110 
meq/cay of Nat (high). The diets were randomized to 
eliminate bias, and 2 weeks allowed for stabilization 
before experiments were started. The increase in mean 
arterial pressure with carotid occlusion was significant- 
ly less in animals on a low sodium diet (14.1 + 2.8 mm Hg 
X + SD, p < 0.007) than in the same dogs on either normal 
or high salt diets (28.6 + 5.2 mm Hg and 25.4 + 7.5 mm Hg 
respectively). With bilateral aortic nerve section the 
rise in mean arterial pressure with carotid occlusion was 
greater, but the same differential between normal and low 
sodium diet persisted. The small pressor response in the 
low sodium dogs was shown not to be related to changes in 
plasma renin activity, basal level of angiotensin II, to 
the degree of carotid hypertension, or to the vascular 
reaction to infused norepinephrine. However, the dose- 
response to infused tyramine was shifted significantly to 
the right in low sodium dogs, suggesting that release of 
norepinephrine was decreased. Thus chronic sodium deple- 
tion resulted in a reduced response to carotid occlusion 
of the efferent sympathetic nervous system. 


RUNNER-UP 


EXERCISE RESPONSE OF THE NORMAL AND ABNORMAL LEFT VENTRI- 
CLE IN MAN: RAPID EVALUATION BY RADIONUCLIDE CINEANGIOG- 
RAPHY 

Jeffrey S. Borer, MD, Stephen L. Bacharach, Ph.D., Michae 
V. Green, M.A., Kenneth M. Kent, M.D., Ph.D., NHLBI, NIH, 
Bethesda, Md. 20014 


Technical limitations have restricted direct assessment o 
left ventricular function (LVF) to resting studies.  How- 
ever, even in seriously diseased hearts, LVF may be abnor 
mal only during stress. We have developed a noninvasive 
multi-image, ECG-gated radionuclide cineangiographic tech 
nique for simultaneous data acquisition, movie display an 
analysis of LVF that permits accurate assessment of globa 
and regional LVF during exercise. In 26 normal subjects 
(aged 19 to 63 yrs), ejection fraction (EF) invariably in 
creased with exercise (10 to 58% increase over resting 
values, p<.001); regional LVF remained normal with exer- 
cise. In contrast, in 22 patients with CAD (3 asymptoma- 
tic, 12 with normal LVF at rest), EF decreased with exer- 
cise in 21 (mean decrease 27% p<.001); abnormal regional 
LVF developed in all 22. Pretreatment with nitroglycerin 
partially mitigated this abnormal exercise response in 10 
of 11 patients (p<.001); coronary artery bypass grafting 
improved regional and global exercise function in 4 of 5 
patients (p<.05). In 7 of 7 symptomatic and 4 of 7 asym- 
tomatic patients with AR (9 of 14 with normal EF at rest 
EF diminished with exercise. Operative indications for 
patients with AR usually include symptoms, which often 
occur after severe LV damage; long term post-operative 
survival is poor in such patients. Radionuclide cinean- 
giography during exercise may indicate important early 
myocardial damage, allowing more appropriate timing of ope 
ation. We conclude that radionuclide stress cineangiog- 
raphy may be of unique value in assessing the functional 
severity of myocardial disease, and in planning and eval- 
uating therapy in patients with CAD and AR. 


RUNNER-UP 


EFFECTS OF PRESSURE-INDUCED HYPERTROPHY ON THE CORONARY 
CIRCULATION. Thomas M. Mueller, M.D., Melvin L. Marcus, 
M.D., FACC, Richard E. Kerber, M.D., FACC, John Young, 
M.D., Robert Barnes, M.D., FACC and Francois M. Abboud, 
M.D., FACC. Univ. of Iowa and Iowa City VA, Iowa City, 
IA. 


The purpose of this study was to investigate the effects 
of pressure-induced left ventricular hypertrophy (LVH) 
induced by Goldblatt hypertension (HT) on total and re- 
gional coronary blood flow (CBF) measured with radioac- 
tive microspheres. The experiments were done on 12 awak 
instrumented mongrel dogs with HT and LVH (Grp 1), 5 nor 
motensive dogs with LVH who had undergone renal artery 
repair 3-6 d. prior to study (Grp 2), and in 12 controls 
(C). LV mass/kg body mass was increased above C by abou 
50% in Grp 1 and Grp 2. All groups had CBF measured at 
rest and during maximal coronary vasodilatation induced 
by i.v. adenosine infusion (4.7 uM/kg x min); C and Grp 
had CBF measurements during pacing. Results: 1) Region 
al distribution of CBF was normal at rest in all three 
groups. 2) Pacing caused a 16% decrease in endocardial: 
epicardial perfusion ratio in Grp 1 but only a 2% de- 
crease in C. 3) At rest, coronary vascular resistance 
(CVR)/100 g of myocardium was elevated in Grp 1 
(1.70+.15), but not in Grp 2 (1.21+.14) or C (1.08+.09). 
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4) The minimal CVR in Grp 2 and C during adenosine in- 
fusion was .14+.02 in both. We conclude: 1) Pacing 
qauses $ small redistribution of CBF in Grp 1 indicating 
greater endocardial vulnerability to moderate stress. 

2) Increased resting CVR in Grp 1 is related to HT and 
not LVH per se. 3) The functional cross-sectional area 
ef.the coronary vascular bed does not increase propor- 
tionately to the increase in ventricular mass. These 
findings may have implications in patients with hyper- 
trophied ventricles who have coronary occlusive disease. 


RUNNER-UP 


EFFECT OF ACUTE GLOBAL ISCHEMIA ON DIASTOLIC RELAXATION 
IN CANINE HEARTS. 

Igor Palacios, M.D., Massachusetts General Hospital, Bos- 
ton, Mass. 


It is not known whether ventricular relaxation, which is 
an active, energy requiring process, may be altered by is- 
chemia independent of associated hemodynamic changes. The 
effect of acute myocardial ischemia on the isovolumetric 
relaxation period (IVRP), an index of diastolic relaxa- 
tion, was studied under controlled hemodynamic conditions 


in 16 anesthetized dogs on right heart bypass at constant 
mean aortic pressure and heart rate. One hour of global 
ischemia was followed by one hour of reflow. In 9 dogs, 
left ventricular end diastolic pressure (LVEDP) was main- 
tained constant throughout. Ischemia produced a signifi- 
cant prolongation of IVRP from 29 + 3 to 88 + 7 (SEM) msec 
(p«.01). Ischemia, per se, the associated decrease in con- 
tractility, or the fall in peak left ventricular pressure 
secondary to the fall in cardiac output may have contributed 
to the increase in IVRP. To dissociate these parameters, 7 
dogs were studied with constant cardiac output and hence 
constant peak left ventricular pressure. IVRP again was 
prolonged from 64 + 8 to 95 + 8 msec (p«.01). This in- 
crease in IVRP occurred in spite of a significant increase 
in LVEDP which, in itself,would shorten IVRP. Ischemia, 
per se, and/or the associated decrease in contractility 
most likely contributed to this increase in IVRP. In 6 addi- 
tional non-ischemic hearts with constant cardiac output, 
contractility was decreased with sodium pentobarbital to 
the same extent as during ischemia. IVRP did not change. 
The elevation of LVEDP, per se, would have been expected 
to shorten the IVRP; this effect appeared to be counter- 
balanced by the decrease in contractility resulting in no 
net change in IVRP. Thus, ischemia results in impaired 
myocardial relaxation by both a decrease in contractility 
and a direct effect on the relaxation process. 





Calendar of Continuing Medical Education Programs 


[he aim of each program is to increase the 
heoretical and practical knowledge of the 
Yormal and abnormal function of the cardio- 
fascular system in man. Most of the programs 
re pertinent to direct care of patients with 
eart disease. The need for such programs 
ncreases with the ever increasing amount of 
icientific and clinical data, the constant; 
'hanges in technology and methodology, and 
he greater availability of therapeutic options. 
'oday most cardiologists, internists and family 
rractitioners feel the need of supplementing 
heir professional reading by direct contact 
vith the authors, research workers and leaders 
1 the field. 

. To solve these problems the Committee 
elects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists, educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis cf the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. | 

Borys Surawicz, MD, FACC, Chairman : 
National Program Committee 


| Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Extramural Programs Department, 
division of Continuing Education, American College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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ro be Preceptorships in Cardiology. Ar- 
wranged thur Selzer, FACC, director. Pacific 
ndivid- Medical Center, San Francisco, 
ially Calif. 


Echocardiography —Fundamen- 
'—10 tals and New Developments in 
Cardiac Ultrasound. Arthur D. 
Hagan, FACC, director and Joel S. 
Karliner, FACC, co-director. Town 
and Country Hotel, San Diego, 
Calif. 


Tutorials in the Tetons: Cardiac 
Emergencies (Third Annual). 
Robert S. Eliot, FACC, director and 
Alan D. Forker, FACC, William P. 
Nelson, FACC, Robert J. Davis, 
FACC and Gerald L. Wolf, co-di- 
rectors. Jackson Lake Lodge, 
Moran, Wyo. 


SEPT. 
7-10 


Interpretation and Therapy of 
Cardiac Arrhythmias. Leonard S. 
Dreifus, FACC and Yoshio Watan- 
abe, FACC, directors. The Phila- 
delphia Marriott Motor Hotel, Phil- 
adelphia, Pa. 


Cardiac Electrophysiology for a 
Cardiologist. Borys Surawicz, 
FACC and Leonard S. Gettes, 
FACC, directors. Continental Inn, 
Lexington, Ky. 
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961 
complete, postoperative, and cardiac pacing, 559 
Heart disease 
(see also Hypertension and specific diseases) 
hypertensive, echocardiogram in, 789 
ischemic 
and body weight in young North American men after a 26 year 
observation period, 452 
internal mammary artery graft for, 516 
technetium-99m stannous pyrophosphate imaging in, 43 
Heart failure, congestive 
and positive technetium-99m stannous pyrophosphate imaging, 
50 
and risk of cardiac arrest after myocardial infarction, 7 
in hypertensive heart disease, 789 
in interruption of aortic arch, 563 
isosorbide dinitrate for, 84 
Heart murmurs 
"functional," characteristics of, 757 
innocent 
aortic origin of, 665 
characteristics of, 757 
intraarterial versus normal systolic, 665 
systolic, innocent or guilty?, 757 
Heart rate 
and echocardiographic ventricular size, 641 
and transient S-T segment depression during daily activity, 396 
maximal, and exercise testing in cigarette smokers, 493 
Hemiblock and ventricular dysfunction in acute myocardial infarction, 
961 
Hemodynamics 
after cigarette smoking, 27 
after dobutamine in acute myocardial infarction, 588 
after dopamine and isoproterenol in experimental myocardial in- 
farction, 413 
after graded reductions in regional coronary perfusion, 537 
after intraaortic balloon counterpulsation in coronary bypass surgery, 
1021 
after minoxidil in severe hypertension, 789 
after sublingually administered nitroglycerin in coronary artery dis- 
ease, 672 
after surgery 
for endocardial cushion defects, 72 j 
for ventricular septal defect in infancy, 66 
and clinical state after acute myocardial infarction, 137 
and intermittent left bundle branch block in normal heart, 459 
and pulmonary edema in acute myocardial infarction, 146 
at onset of spontaneous versus pacing-induced angina, 784 
at rest and during supine and sitting bicycle exercise in patients with 
coronary artery disease, 776 
in anterior myocardial infarction, 961 
in aortic valve disease, 170 
in cardiac amyloidosis, 658 
in complete atrioventricular canal defect, 721 
in dissecting aortic aneurysm, 21 


Hemodynamics 
in infants early after intracardiac surgery, 445 
in interruption of aortic arch, 563 
in mitral regurgitation, 177 
in normal aging aorta, 13 
of oral peripheral vasodilator therapy for chronic congestive heart 
failure, 84 
pulmonary, after coronary occlusion in anesthetized dogs, 60 
Histologic studies 
of coronary microcirculation, 599 
of dissecting aortic aneurysm, 21 
of normal aging aorta, 13 
regional left ventricular, and contractile function, 378 
Hypertension 
and aortocoronary bypass surgery for unstable angina pectoris, 
939 
and normal aging aorta, 13 
echocardiography for pathophysiologic assessment of, 789 
pulmonary 
after systemic-pulmonary arterial shunt operations, 715 
and systemic arterial in interruption of aortic arch, 563 
minoxidil and, 802 
severe, hemodynamics after minoxidil in, 789 
systemic, increased pulmonary vascular resistance with minoxidil 
in, 802 
with renal insufficiency, sodium intake and furosemide administration 
in, 808 
Hypereosinophilia, idiopathic, echocardiogram in, 184 
Hypertrichosis after minoxidil in severe hypertension, 789 
Hypoperfusion, isolated peripheral, and mortality after acute myocardial 
infarction, 137 
Hypotension 
and graded exercise testing, 935 
exertional, and postexertional ventricular fibrillation in stress testing, 
841 
Hypoxemia, systemic and pulmonary, and accelerated pulmonary 
vascular disease, 432 
Hypoxia, right ventricular, morphologic findings in, 1051 


Intensive care unit and sleep disturbances after open heart surgery, 
196 
Intermediate coronary syndrome, ST-T wave abnormalities in, 153 
Internal mammary artery graft for ischemic heart disease, 516 
Interventricular septal motion 
after coronary bypass surgery, 372 
in abnormal ventricular activation, 641 
in Wolff-Parkinson-White syndrome, 469 
Intraaortic balloon counterpulsation and survival after aortocoronary 
bypass surgery, 1021 
lron overload, systemic, echocardiogram in, 184 
Ischemia 
acute, atrioventricular block in, 120 
myocardial 
adenosine triphosphate in, 986 
and intramyocardial S-T segment voltage, 529 
and left ventricular function, 537 
and prostaglandin release, 481 
dispersion of effective refractory period during abrupt reperfusion 
after, 407 
exercise-induced, and technetium-99m stannous pyrophosphate 
scintigrams, 360 
exercise testing and postexercise left ventricular ejection time 
in, 767 
residual, and early posthospital death after myocardial infarction, 
816 
effect of drugs on conduction delay and ventricular arrhythmias 
after, 544 





Isoproterenol 
and conduction delay and ventricular arrhythmias after coronary 
occlusion, 544 ie 
versus dopamine in experimental myocardial infarction, 413° 
Isosorbide dinitrate 
for chronic congestive heart failure, 84 | 
orally administered, in patients with and without left ventricular failure 


due to acute myocardial infarction, 91 


Junctional escape beats and automatic real time arrhythmia monitorinc 
701 


Kent bundle and atrioventricular junctional tachycardia, 97 


Laddergram, Engelmann and, 464 : 
Leukopenia and myocardial accumulation of technetium-99m stannou: 
pyrophosphate after coronary occlusion, 55 


Lewis versus Engelmann, laddergram and, 464 
Loop rule and transposition of great arteries, 226 
Lung water, extravascular, in acute myocardial infarction, 146 


Malposition of great arteries and ventricular inversion without tran: 
position, 226 

Manitoba Study of relation of body weight to ischemic heart diseas 
in young North American men after a 26 year observatic 


period, 452 

Mapping 

atrial endocardial, for arrhythmias and conduction disturbance 
972 


body surface isopotential, in diagnosis of old inferior myocardi 
infarction, 510 
Marfan's syndrome and pathogenesis of dissecting aortic aneurysr 
21 
Medical therapy, in-hospital, and operative mortality for coronary bypa: 
grafting in patients with unstable angina pectoris, 939 
Medionecrosis 
in dissecting aortic aneurysm, 21 
in normal aging aorta, 13 
Metabolism, brain, after open heart surgery, 196 
Methoxamine and nitroglycerin, collateral flow after administration « 
in acute coronary occlusion, 679 
Microcirculation, coronary, electron microscopic study of, 599 
Microsphere studies and collateral flow after nitroglycerin ai 
methoxamine in acute coronary occlusion, 679 
Microthrombi in calcific aortic stenosis, 159 
Minoxidil 
and hemodynamics in severe hypertension, 789 
and increased pulmonary vascular resistance with systemic hypt 
tension, 802 
Mitochondria and myocardial accumulation of technetium-99m stanno 
pyrophosphate after coronary occlusion, 55 
Mitral insufficiency 
after surgery for atrioventricular canal, 72 
and V wave in main pulmonary artery, 982 
Mitral stenosis 
and mitral-septal separation as echocardiographic index of | 
ventricular function, 1008 
ventriculographic and hemodynamic features of, 177 
Mitral valve, adherent, and subaortic stenosis and atresia, 1035 
Mitral valve disease 
and aortic stenosis, echocardiogram in, 499 
and double outlet right ventricle, 709 
Mitral valve prolapse, echocardiographic spectrum of mitral val 
motion in children with and without, 422 
Mitral valve replacement after surgery for endocardial cushion defec 
72 


Myocardial degeneration in congenital heart disease, 1051 
Myocardial gas tension changes in coronary stenosis, 529 
Myocardial imaging 
afld coronary vasodilator to detect subcritical coronary arterial nar- 
rowings, 403 
in survivors of sudden cardiac death due to ventricular fibrillation, 
852 | 
pre- and postoperative, with technetium-99m-stannous pyrophos- 
phate, in ischemic and valvular heart disease, 43 
with intravenously injected thallium-20 1 in coronary artery disease, 
347 
with technetium-99m stannous pyrophosphate 
after coronary occlusion, 55 | 
in new approach to detection of acute myocardial infarction, 
341 
specificity of, in diagnosis of acute myocardial infarction, 50 
with xenon-133, in patients with angina pectoris and normal coronary 
arteries, 355 
Myocardial infarction 
acute 
and transient S-T segment depression during daily activity, 396 
correlative classification of clinical and hemodynamic function 
after, 137 
dobutamine in, 588 
early posthospital phase, ventricular ectopic beats in, 635 
heart block and left ventricular dysfunction in, 961 
instantaneous nonarrhythmic cardiac death in, 1 
postoperative, technetium-99m stannous pyrophosphate in, 43 
predictability and prognosis of cardiac arrest complicating, 7 
pulmonary edema in, 146 
specificity of technetium-99m stannous pyrophosphate imaging 
in diagnosis of, 50 
technetium-99m pyrophosphate scintigraphy in detection of, new 
approach to, 341 
with and without left ventricular failure, isosorbide dinitrate in 
patients with, 91 | 
after coronary bypass surgery and occlusion of parent coronary ar- 
tery, 39 
and medical versus surgical therapy for unstable angina pectoris, 
734 
and pathology of the heart in sudden cardiac death, 865 
arrhythmias in hospital phase of, 821 
cardiac death in the first 6 months after, 816 
early posthospital, 816 
experimental 
(see also Coronary occlusion) 
isoproterenol versus dopamine in, 413 
history of, and cardiac arrest after acute infarction, 7 
in Japanese men living in Japan, Hawaii and California, 239 
inferior 
chronic stable, as unsuspected harbinger of high risk proximal 
left coronary arterial obstruction amenable to surgical re- 
vascularization, 954 
old, diagnosed with body surface isopotential mapping, 510 
intraoperative, and intracoronary shunt technique for aortocoronary 
bypass surgery, 1017 
perioperative 
after coronary bypass surgery, 372 
and coronary arterial dominance in aortic stenosis, 505 
prior 
and rubidium-8 1 myocardial perfusion scintigraphy, 364 
and thallium-201 myocardial imaging, 347 
relation of body weight to, 452 
Myocardial infarct size 
after dobutamine, 588 
factors influencing enzymatic estimates of, 130 
Ayocardial ischemia 
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Myocardial metabolism 
after graded reductions in regional coronary perfusion, 537 
and perfusion abnormalities in patients with angina pectoris and 
normal coronary arteries, 355 
derangements of, preceding onset of ventricular fibrillation after 
coronary occlusion, 880 
Myocardial oxygen demands 
and orthostatic postural changes, 418 
and spontaneous angina at rest, 784 
Myocardial oxygen tension and coronary stenosis, 529 
Myocardial perfusion abnormalities, regional, on xenon- 133 imaging 
in patients with angina pectoris and normal coronary arteries, 
355 
Myocardial reperfusion, abrupt, after ischemia, and dispersion of ef- 
fective refractory period, 407 
Myocardial revascularization 
(see also Myocardial reperfusion; surgery, aortocoronary bypass) 
internal mammary artery graft for, 516 
Myocardial viability, postextrasystolic potentiation as predictor of, 
944 


Neural and psychologic mechanisms of ventricular arrhythmias in 
sudden death, 890 
Nitroglycerin 
and methoxamine in acute coronary occlusion, collateral flow after, 
679 
sublingually administered, and regional myocardial blood flow in 
patients with coronary artery disease, 672 
Nitroprusside 
and hemodynamics in infants early after intracardiac surgery, 445 
and phentolamine in experimental myocardial infarction, 994 


Outflow chamber and common ventricle, echocardiogram in, 217 


Pacemaker failure, and statistical considerations in analysis and re- 
porting of time-related events, 257 
Pacemaker implantation in children and adolescents, 550 
Pacemaker therapy for atrioventricular junctional tachycardia, 97 
Pacemakers 
prevalence of, 250 
surveillance systems for, 250 
Pacing 
and aprindine for recurrent ventricular tachycardia, 903 
atrial 
and intramyocardial S-T segment voltage and myocardial gas 
tension changes in coronary stenosis, 529 
and myocardial perfusion abnormalities in patients with angina 
pectoris and normal coronary arteries, 355 
and prostaglandin release in myocardial ischemia, 481 
cardiac 
and postoperative complete heart block in children, 559 
in children and adolescents, 550 
permanent, 1952 to 1976, 250 
site of, and left ventricular dimensions on echocardiography, 
641 
right ventricular, and echocardiogram in abnormal ventricular acti- 
vation, 641 
P-A interval and right intraatrial conduction, 972 
Paroxysmal atrial tachycardia with block versus nonparoxysmal, 
689 
Partial anomalous pulmonary venous drainage and pulmonary vascular 
obstructive disease, 439 
Pediatric cardiology 
(see also Congenital heart defects and Congenital heart disease) 
afterload reduction and cardiac output in infants early after intra- 
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Pediatric cardiology 
cardiac pacing in children and adolescents, 550 
echocardiographic differentiation of a cystic and solid tumor of the 
heart, 107 
echocardiographic spectrum of mitral valve motion in children with 
and without mitral valve prolapse, 422 
overview of, with a critique of congenital heart disease in the 1970's, 
754 
postoperative complete heart block treated with and without cardiac 
pacing, 559 
pulmonary vascular disease 
after systemic-pulmonary arterial shunt operations, 7 15 
in complete atrioventricular canal defect, 721 
subaortic stenosis and atresia, pathologic anatomy of, in first year 
of life, 1035 
ventricular inversion without transposition of great arteries, 226 
ventricular septal defect, repair of in infancy, 66 
Pericardial effusion, echocardiographic manifestation of, 112 


Pericarditis 
constrictive, versus cardiac amyloidosis, 658 
versus myocardial injury as cause of S-T elevation after aortocoro- 
nary bypass surgery, 1017 
Phentolamine and nitroprusside in experimental myocardial infarction, 
994 
Platelet survival in coronary atherosclerosis, 595 
Postpericardiotomy syndrome after surgery for endocardial cushion 
defects, 72 


Postural changes, orthostatic, and myocardial oxygen demands, 418 
Potassium-43 
and myocardial imaging to detect subcritical coronary stenosis, 
403 
versus thallium-201 in myocardial imaging in coronary artery disease, 
347 
Precapillary sphincters in human coronary microcirculation, 599 
Premature ventricular beats in male medical students without apparent 
heart disease, 390 
Preventive cardiology, 765 


Propranolol 
and aprindine for recurrent ventricular tachycardia, 903 
and swallowing-induced paroxysmal supraventricular tachycardia, 
741 
- and ventricular ectopy in early posthospital phase of myocardial 
infarction, 635 
Prostaglandin release and myocardial ischemia, 481 
Psychiatric illness and sudden death from coronary artery disease in 
white women, 858 


Psychiatric support for malignant ventricular arrhythmias, 910 
Psychosis after open heart surgery, sleep disturbances and, 196 


Pulmonary arterial banding 
and double outlet right ventricle with uncommitted ventricular septal 
defect, 709 
for common ventricle, ''subaortic stenosis” after, 76 
in complete atrioventricular canal defect, 721 
versus surgery for endocardial cushion defects, 72 
Pulmonary artery, main, V wave in, 982 
Pulmonary congestion and survival after acute myocardial infarction, 
137 
Pulmonary edema in acute myocardial infarction, 146 
Pulmonary extravascular water in acute myocardial infarction, 146 
Pulmonary stenosis, absent, and subaortic ventricular septal defect in 
double outlet right ventricle, 709 
Pulmonary valve vegetations, echocardiogram in, 1064 
Pulmonary valve versus aortic valve in origin of innocent murmurs, 
665 
Pulmonary vascular congestion after isosorbide dinitrate in congestive 
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Pulmonary vascular disease 
accelerated, in d-transposition of great arteries, 432 
after systemic-pulmonary arterial shunt operations, 715, — * a 


and coronary occlusion in anesthetized dogs, 60 

and transposition of great arteries with intact ventricular septum an 
patent ductus arteriosus, 232 

in acute mitral insufficiency, 982 

in complete atrioventricular canal defect, 721 

increased, in systemic hypertension, minoxidil for, 802 

obstructive, isolated partial anomalous pulmonary venous drainac 
with, 439 

Pulmonary veins, right, anomalous drainage of, to right superior ver 

cava, 439 


QRS complexes and computer system for automatic real time a 
rhythmia monitoring in a coronary care unit, 701 
Quinidine 
and aprindine for recurrent ventricular tachycardia, 903 
and conduction delay and ventricular arrhythmias after coronal 
occlusion, 544 
and swallowing-induced paroxysmal supraventricular tachycardi 
741 
Q waves 
disappearance of, after aortocoronary bypass surgery, 763 
new, in epicardial versus surface electrocardiogram, 153 


Refractory period, effective, dispersion of, during abrupt reperfusic 
of ischemic myocardium, 407 
Regurgitant fraction and ventriculographic and hemodynamic featurt 
of mitral regurgitation, 177 
Renal insufficiency in hypertension, sodium intake and furosemic 
administration in, 808 
Rhabdomyoma in newborn, echocardiogram in, 107 
Rheumatic fever, mitral regurgitation due to, ventriculographic ai 
hemodynamic features of, 177 
Risk factors 
for coronary artery disease 
and chronic stable inferior myocardial infarction, 954 
in Japanese men living in Japan and Hawaii, 244 
for sudden death in coronary artery disease, identification of, 82 
Rubidium-81 myocardial stress perfusion scintigraphy versus stre 
electrocardiography, 364 


Scintigraphy, technetium-99m pyrophosphate 
in detection of acute myocardial infarction, 34 1 
in normal subjects, patients with exercise-induced ischemia a 
patients with a calcified valve, 360 
Scintillation scanning of the lungs, infusion in supine versus erect p 
. sition, 471 
Shunts 
intracardiac and aortic, in interruption of aortic arch, 563 
residual, after repair of ventricular septal defect in infancy, 66 
right to left, peripheral venous contrast echocardiography in, 20 
systemic-pulmonary arterial, pulmonary vascular disease aft 
715 
Sinus nodal artery, chronotropic effect of acetylstrophanthidin infusi 
into, 684 
Sleep, disturbances of, after open heart surgery, 196 
Smoking (see Cigarette smoking) 
Sodium intake and furosemide administration in hypertension with rer 
insufficiency, 808 
Statistics and reporting of time-related events, 257 
Stress testing 
(see also Exercise testing) 
nevehalnnic for malianant ventricular arrhvthmias. 910 


Stroke and coronary heart disease in Japanese men living in Japan, 
Hawaii and California, 239 
S-T. segment 
affer dopamine and isoproterenol in experimental myocardial in- 
farction, 413 
and cigarette smoking, 493 
` depression 
transient asymptomatic, during normal daily activity, 396 
versus maximal systolic pressure during treadmill testing, 841 
elevation 
after intracoronary shunt technique for aortocoronary bypass 
surgery, 1017 
in experimental myocardial infarction, nitroprusside and phento- 
lamine and, 984 
voltage, intramyocardial, and functional significance of coronary 
arterial stenoses, 529 
ST-T wave changes in intermediate coronary syndrome, 153 
Subaortic conus and subaortic stenosis and atresia, 1035 
Subaortic stenosis 
and atresia, pathologic anatomy of, in first year of life, 1035 
congenital tunnel, left ventricle to aorta valved conduit for relief of, 
1068 
in interruption of aortic arch, 572 
"Subaortic stenosis" after pulmonary arterial banding for common 
ventricle, 76 
Subspecialty Board on Cardiovascular Disease of the American Board 
of Internal Medicine, guidelines for training in cardiovascular 
disease prepared by, 617 
Surgeons, contributions of, to cardiac pacing, 250 
Surgery 
and congenital heart disease in the 1970's, 754 
and pulmonary vascular disease in complete atrioventricular canal 
defects, 721 
and subaortic obstruction in interruption of aortic arch, 572 
and subaortic stenosis and atresia in the first year of life, 1035 
aortocoronary bypass 
and angiographic evaluation of saphenous vein bypass grafts, 
384 
and correlative study of regional left ventricular histology and 
contractile function, 378 
and intramyocardial S-T segment voltage, 529 
and platelet and fibrinogen survival, 595 
and postextrasystolic potentiation, 944 
effect of parent coronary occlusion on left ventricular function 
after, 39 
for asymptomatic coronary artery disease, 614 
for unstable angina pectoris, 939 
interventricular septal motion and left ventricular function after, 
372 
intraaortic balloon counterpulsation in, survival after, 1021 
Q wave disappearance after, 763 
reduced incidence of intraoperative myocardial infarction with 
intracoronary shunt technique for, 1017 
technetium-99m stannous pyrophosphate imaging in, 43 
versus medical therapy 
for multivessel coronary atherosclerosis, 919 
in patients with comparable coronary disease and left ventricular 
function, 925 
with intracoronary shunt technique, and reduced incidence of in- 
traoperative myocardial infarction, 1017 
for anomalous left coronary artery arising from pulmonary artery, 
608 
for aortic stenosis, 499 
coronary arterial dominance and, 505 
for aortic valve disease, cardiac shape and function and, 170 
for atrioventricular canal, 72 
for atrioventricular junctional tachycardia, 97 
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Surgery 
for common ventricle, echocardiogram after, 217 
for congenital heart disease 
complete reporting of data in, 621 
morphologic findings and, 1051 
for coronary arterial narrowing in Takayasu's aortitis, 744 
for diffuse left ventricular outflow tract obstruction, left ventricle to 
aorta valved conduit for, 1068 
for double outlet right ventricle, 709 
for endocardial cushion defects, 72 
for giant congenital aneurysm of right coronary artery, 751 
for interruption of aortic arch, 563 
for ischemic heart disease, internal mammary artery graft in, 516 
for mitral insufficiency, and V wave in main pulmonary artery, 
982 
for mitral regurgitation of cardiomyopathic, rheumatic and non- 
rheumatic origin, 177 
for pacemaker implantation in children and adolescents, 550 
for "subaortic stenosis” after pulmonary arterial banding for common 
ventricle, 76 
for transposition of great arteries with intact ventricular septum and 
patent ductus arteriosus, 232 
for ventricular septal defect in infancy, 66 
in acute aortic arch dissection, 727 
in unstable angina, 734 
intracardiac, afterload reduction and cardiac output in infants early 
after, 445 
open heart, sleep disturbances after, 196 
postoperative complete heart block in 64 children treated with and 
without cardiac pacing, 559 
systemic-arterial shunt operations, pulmonary vascular disease after, 
715 
to reduce tendency to ventricular fibrillation after coronary occlusion, 
880 
valve replacement, technetium-99m stannous pyrophosphate 
imaging in, 43 
versus medical therapy, 727, 734, 919, 925 
Swallowing-induced symptomatic paroxysmal supraventricular 
tachycardia, 741 
Sympathetic nervous system 
and sudden nonarrhythmic cardiac death in acute myocardial in- 
farction, 1 
in sudden cardiac death, 890 
Sympathetic tone and ventricular fibrillation threshold during coronary 
occlusion and reperfusion, 523 
Symposium on Identification and Management of the Candidate for 
Sudden Cardiac Death, 813-937 
Biologic and psychosocial risk factors of sudden death from coronary 
disease in white women, 858 
Cardiac death in the first 6 months after myocardial infarction: po- 
tential for mortality reduction in the early posthospital period, 
816 
Derangements of myocardial metabolism preceding onset of ven- 
tricular fibrillation after coronary occlusion, 880 
Effect of aortocoronary saphenous vein bypass grafting on death and 
sudden death. Comparison of nonrandomized medically and 
surgically treated cohorts with comparable coronary disease 
and left ventricular function, 925 
Exertional hypotension and postexertional ventricular fibrillation in 
stress testing, 849 
Identification of sudden death risk factors in acute and chronic cor- 
onary artery disease, 821 
Improved longevity due to reduction of sudden death by aortocoronary 
bypass in coronary atherosclerosis. Prospective evaluation 
of medical versus surgical therapy in matched patients with 
multivessel disease, 919 
Introduction, 813 
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Symposium on Identification and Management of the Candidate for 

Sudden Cardiac Death, 813-937 

Management of patients with malignant ventricular arrhythmias, 
910 

Myocardial imaging and radionuclide angiography in survivors of 
sudden cardiac death due to ventricular fibrillation; prelimi- 
nary report, 857 

Neural and psychologic mechanisms and the problem of sudden 
cardiac death, 890 

Noninvasive predictors of sudden cardiac death in men with coronary 
heart disease. Predictive value of maximal stress testing, 
833 

Pathogenesis of an unexpected sudden death; role of early cycle 
ventricular premature contractions, 873 

Pathology of the heart in sudden cardiac death, 865 

Patients admitted to the coronary care unit for chest pain; high risk 
subgroup for subsequent cardiovascular death, 829 

Risks of graded exercise testing, 935 

Treatment of recurrent ventricular tachycardia and fibrillation with 
aprindine, 903 

Variations in and significance of systolic pressure during maximal 
treadmill testing. Relation to severity of Coronary artery 
disease and cardiac mortality, 841 

Systolic time intervals and left ventricular function after cigarette 

smoking, 27 


Tachyarrhythmia, atrial, and acetylstrophanthidin infusion, 684 
Tachycardia 
atrial, with block, paroxysmal versus nonparoxysmal, 684 
atrioventricular junctional, mechanisms of, 97 
paroxysmal supraventricular, symptomatic swallowing-induced, 
741 
sinus, and ventricular fibrillation and pathogenesis of sudden cardiac 
death, 873 
ventricular 
and automatic real time arrhythmia monitoring, 701 
and risks of exercise testing, 935 
in ambulatory patients, 487 
in late hospital phase of myocardial infarction, 821 
management of, 910 
recurrent, aprindine for, 903 
Takayasu's aortitis, coronary arterial narrowing in, 744 
Technetium-99m stannous pyrophosphate 
after coronary occlusion, mechanisms contributing to myocardial 
accumulation of, 55 
scintigraphy 
in detection of acute myocardial infarction, new approach to, 
341 
in ischemic and valvular heart disease, 43 
_in normal subjects, patients with exercise-induced ischemia and 
patients with a calcified valve, 360 
specificity of, in diagnosis of acute myocardial infarction, 50 
Tension development 
after dopamine and isoproterenol in experimental myocardial in- 
farction, 413 
in experimental myocardial infarction, nitroprusside and phentolamine 
and, 984 
Tetralogy of Fallot, ventricular septal defect in, 572 
Thallium-20 1 
imaging 
in a patient with reproducible variant angina, 126 
in survivors of sudden death due to ventricular fibrillation, 852 
to detect subcritical coronary stenosis, 403 
intravenously injected, for myocardial imaging in coronary artery 
disease, 347 
Thoracotomv. sleep disturbances after, 196 





Thromboembolism, prosthetic valve-related, and statistical consider- 
ations in analysis and reporting of time-related events, 
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Thrombosis, pulmonary, after systemic-pulmonary arterial shunt op- 
erations, 715 


Tomography, computerized, to define cardiac structures in isolated 
arrested and beating canine hearts, 690 
Training 
in cardiovascular disease, guidelines for, 617 
programs, adult cardiovascular, 1078 
Tranquilizers and ventricular ectopy in early posthospital phase of 
myocardial infarction, 635 
Transposition of great arteries 
absent, in ventricular inversion, 226 
d, bronchopulmonary circulation in, 432 
with intact ventricular septum and patent ductus arteriosus, 232 
Treadmill protocol, new continuous, 697 
Tricuspid atresia 
peripheral venous contrast echocardiography in, 202 
with ventricular inversion without transposition of great arteries, 
226 
Tricuspid insufficiency with right ventricular infarction, 133 
Trifascicular disease, prolonged H-V time in, 116 
Triplets, congenital heart malformations in, 1045 
Tumor, cardiac, cystic versus solid, echocardiographic differentiation 
of, 107 
Twins, congenital heart malformations in, 1045 


USAFSAM treadmill protocol for stress testing, 697 


Vagal stimulation and swallowing-induced paroxysmal supraventricular 
; tachycardia, 741 
Vagotomy and pulmonary vascular resistance in anesthetized dogs, 
60 
Valve, calcified, technetium-99m stannous pyrophosphate scintigrams 


in, 360 
Valve disease 


(see also specific type) 
technetium-99m stannous pyrophosphate imaging in, 43 
Vascular disease, absent, and pathology of the heart in sudden cardiac 
death, 865 
Vasodilator 
coronary, and myocardial imaging to detect subcritical coronar) 
arterial narrowings, 403 
for chronic congestive heart failure, 84 
in experimental myocardial infarction, 994 
Vector, summated, and echocardiogram in assessment of left ven 
tricular wall thickness, 189 
Vectorcardiogram and echocardiogram in assessment of left ventricula 
wall thickness, 189 
Ventricle 
common 
angiographic and anatomic correlations with echocardiogram in 
217 
peripheral venous contrast echocardiography in, 202 
"'subaortic stenosis” after pulmonary arterial banding for, 76 
left, hypoplastic, in interruption of aortic arch, 572 
to aorta valved conduit for left ventricular outflow tract obstructior 
1068 
right, double outlet 
clinical spectrum and prognosis in, 709 
first diagnosis of, 764 
obstructing ventricular septal defect in, 623 
Ventricular activation, abnormal, ventricular septal motion and lel 
ventricular dimensions during, 641 


Ventricular activity, depressed, disopyramide phosphate in patients 
with, 1027 
Ventricular asynergy and ventricular ectopy in coronary artery disease, 
7 627 
Ventricular dimensions 
during abnormal ventricular activation, 641 
. in hypertensive heart disease, 789 
Ventricular eccentricity and surgery for aortic valve disease, 170 
. Ventricular ectopy 
(see also Ventricular premature beats) 
in late hospital phase of acute myocardial infarction, 821 
_ Ventricular ejection time, left, postexercise, and exercise testing in 
myocardial ischemia, 767 
Ventricular failure, left, and acute myocardial infarction, isosorbide 
dinitrate in patients with, 91 
Ventricular fibrillation . 
after coronary occlusion, derangements of myocardial metabolism 
preceding, 880 
aprindine for, 903 
management of patients with, 910 
.  postexertional, and systolic pressure during treadmill testing, 849 
.. sudden cardiac death due to, myocardial imaging in survivors of, 
852 
-Ventricular fibrillation threshold and acute blood pressure elevation 
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reliable and convenien 
ay to monitor 
part rate. 


For more 
information 


write to: Unit is shown 


actual size. 





V» DFSDIDONICSG INC 
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For7out of 10 patients, 
your present defibrillator 
nay be powerful enough. 


But more important, foi 
3 out of 10 it may not be. 
















Recent studies of de- 
rillation have disclosed 
me disquieting facts: ''the 
ccess rate for defibrillation 
human adults is only about 
i% with defibrillators which 
liver 300 watt-seconds 
energy. '* And "the prob- 
ility of defibrillating a sub- 
>t who weighs over 220 
unds is extremely low. '* 
:ese studies have produced 
2 following finding: **virtu- ; 
y all defibrillators now in 
e have inadequate output 
defibrillate many human 
lults..."* 

Because of this, we utet ON 
‘veloped the Datascope M/ Da. A EN 
'fibrillator capable of delivering not 300, or the 
idely available 320, but 460 watt-seconds of 
iergy. Fully 1/3 more energy than most any other 
table defibrillator made today. 

Which means,very simply, that you have 
ore capability when you need it. 

But the Datascope M/D2J doesn't just de- 
ver more energy than other defibrillators. It tells 
yu more about what it's delivering. 

Itis the only defibrillator in the world that 
ads the current delivered. Son eS c 
the subject during de- Ae tat RS 
brillation. (Energy ji NE qe 
duces current. But — is 
irrent is what produces 


> m 

ACKER, JR., W. A.: ELECTRICAL DOSE FOR JAIASCOPEt 
FIBRILLATION. CARDIAC DEFIBRILLATION 
)NFERENCE, PURDUE UNIVERSITY, 

S. 121-7, OCT. 75. 














defibrillation. Which is why 
current is the truly meaning- 
ful measure.) It also reads 
selected delivered enérgy. * 
And delivered energy into a 
built-in test load. And instez 
of test lights, or ready lights 
all readings are precisely 
shown ona bright digital 
display. 

To this point, we've 
been discussing the M/D2J 
as if it were merely a defibri 
lator. Of course, it's a mon- 
itor/defibrillator. The defib- 
rillator is an impressive part 
But the other parts are equal 
! ly impressive. The M/D2J 


offers the finest non-fade monitor of any 


monitor/defibrillator in emergency medicine. 

And it offers the new Databank. The first 
cassette recording system in emergency medicin 
An instrument that does away with the bulk of 
paper recording while allowing you to record not 
merely ECG, but also to record the detailed 
management of the patient verbally onto the tape 

Which means that in addition to offering 
more energy, our system offers more capability 
than any monitor; defibrillator i in the world. 

! : For more 
information on th 
new M/D2J, writ 
Datascope Corp.. 
580 Winters Aver 
Paramus,N.J.07€ 


The new M/[D2J 
with Databank. 
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Rees B. Rees O Henry H. Roenigk Jr. O Richard Stoughton O Eugene 
Van Scott O John Voorhees O Gerald Weinstein O Harvey Baker O 


* «Otto Braun-Falco O Arnold Cats O Abdel EI-Mofty O Charles Grupper 


. O Hans Holzmann O Stephanie Jablonska O Sture Liden O Frantisek 

. Novotny O Ferdinando Serri O Nils Thyresson O Klaus Wolff O To- 
shiaki Yasuda O and over 170 other world-renowned MD’s bring 
you up-to-date on current progress in biological and chemical 
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PSORIASIS =: 








OF THE SECOND 
INTERNATIONAL 
SYMPOSIUM 





ELD IN JULY 1976 AT STANFORD UNIVERSITY ASSISTED BY THE NATIONAL INSTITUTE OF ARTHRITIS, METABOLISM, AND DIGESTIVE DISE 


forke Medical Group/ ces FIFTH AvE., NEW YORK, N.Y. 10018 


] Please send me 


Edited by EUGENE M. FARBER, M.D., All 98 presentations MN 
Chairman, Department of Dermatology, Stanford University 43 Plenary Papers and 55 Brief Communications 
and ALVIN J. COX, M.D. professionally edited for convenient reference 
Professor of Pathology in Dermatology, Stanford University augmented by authoritative panel reviews 
In-association with Paul H. Jacobs, M.D., — — ^ which drew on the knowledge and experience 
Professor of Clinical Dermatology, Stanford University of nearly 200 scientists from 27 countries. 


and M. Lexie Nall, M.A., Stanford University 


See and consult this unique information source 
m. Without cost or obligation for 30 days. 
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copies of PSORIASIS: Proceedings of the Second 
International Symposium for 30 days' free examination and use at $35.00 per 
copy (money back if you return book). 
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(PLEASE PRINT) 

ADORESS 

CITY d STATE h ZIP 

L] Full payment enclosed, publisher absorbs shipping cost. : 


(J Bill me, plus cost of shipping. 
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Its no secret. 
W ‘ j i i 
ere giving it away. 

We'll give you a new Avionics 445 Mini- grasso ec OPERE SEO orci Se CET xp 
Holter Recorder. No charge. Then you send the | EUN | 
recordings to us. We'll send you a complete PARAMOUNT, CALIFORNIA 90723 | 
report. | : D (213) 633-6660 | 

Your dynamic cardiogram report will include Please send me more information about Omnimedical's | 
a computerized quantitative analysis, a trend Dynamic Cardiography Service. 
analysis of Heart Rate and ST segment levels, | | 
2-channel real-time recordings of abnormalities | | | 
and symptomatology — completely mounted in | Pam e | 
booklet form. In 24 hours it's in and out of |. Organization | 
our hands. | | 

Our scanning system is designed to fit your Address City | 
system. It's easy, it's inexpensive — all you really | 


: need is the need. State Zip Phone di 





Dial-a- 
Diagnosis 


All it takes is 

a phone line, 
our 9-Chennel 
Electrocerdiogreph 
Phone Terminal 
and one touch 
of a button. 


It’s that easy. With our Model 3038 
Electrocardiograph and built-in 
Computer Phone Terminal you can 
tie-in with the remote ECG interpre- 
tation center of your choice any- 
where in the USA and Canada. Fully 
automated, the Model 3038 brings 
the convenience of computer aided 
diagnosis to your location, simply, 
reliably and at a low cost. 


Model 3038 puts you ahead with 
time-proven advantages other elec- 
trocardiographs can’t match. State- 
of-the-art writing precision, with 


frequency response beyond 250 Hz: 


a preview feature that cuts paper 
costs in half, the convenience of 
drop-in paper loading, the elimina- 


tion of cutting and mounting, and the 


versatility of three recording modes 
(manual, semi-automatic, and fully- 
automatic). 


Now, wi e On-line Phone 
Terminal Option, the Model 3038 
puts you ahead even more. Installe 
in a front-panel compartment, the 
phone terminal makes the entire 
diagnostic process as simple as 
taking a regular ECG. 


After connecting patient leads and 
keying-in patient data, the tech- 
nician merely previews the ECG a 
pushes the PHONE/TRANSMIT 
button. Automatically, the compute 
center is dialed, transmission 
acknowledged, patient ID data sen 
and ECG lead groups transmitted i 
any format required. Error indicato 
are built-in, mistakes engineered 
out. And, while the computer diag- 
nosis is automatically sent to a 
printer located elsewhere in your 
facility, the technician is free to mo 
on. Model 3038 is U.L. approved a 
is designed to meet C.S.A. standar 
Call or write: Cambridge Instrume 
Company, Inc., 73 Spring Street, 
Ossining, NY 10562; (914) 941-810 
or (212) 931-2100. 


Cambridge 
Instrument 


Company, Inc. 
first in electrocardiography 








“We've learned that the 
most effective pacer therapy 
includes remote monitoring... 


SO we Specify 
a patient transmitter 
with the pacemaker.” 
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e ESB Medcor Pacer System. It’s a pacer and a patient transmitter 
ich provide the ultimate in pacer therapy . .. through the conven- 
ce of complete pacer—and patient—check-up by telephone from 

| time of implant. It's the only system that combines components 
signed, engineered and precision-made by the same manufacturer 
total patient management: a clinically proven lithium pacer 
erfacing with the monitoring transmitter used by more pacer 
tients than any other. 





e PACER-CHECK® system transmitter. No other transtele- \ 
onic monitoring unit provides more useful data for post-implant N 
cing surveillance. The lightweight, portable Pacer-Check pa- N 
1t unit transmits pacer rate and/or interval, patient ECG with 
zer artifact for sensing/capture evaluation—even pulse-width 
'asurement—direct to the receiving unit by telephone 

tween two points anywhere in the world. Just a 2-minute 

Il gives you the data you need for complete patient 
low-up at any time. And gives your patient 
sense of confidence and security not 
1erwise possible. 


e LITHICRON Model 3-70C lithium pace- 
iker. Ultra thin (1.40 cm) and lightweight | E d 
) grams), the Lithicron has a calculated wet adi 
| expectancy of up to 10 years. Lithium bh 
wer cells with the highest energy density of 
y pacemaker, plus the proven integrity of the 
iB Medcor electronic circuitry make the difference. 
th the Lithicron cell system and the Lithicron 
cuitry are hermetically sealed in a case of lightweight 
anium ...for maximum protection against invasion of 
dy fluids, and resistance to electromagnetic interference. 
nere preferred, the ESB Medcor pacer system is also 
ailable with a mercury-zinc powered Model 3-70B pacer. 















ie cost of the ESB Medcor Pacer System? It can be substantially less 
an the combined cost of the individual components, resulting in both 
inical and administrative cost effectiveness. 


Ww, pacing state-of-the-art technology makes it especially beneficial for 
u—and your patients—to specify a pacemaker system when you specify 
e pacer. Our representative can help you implement the one system 

ade to work together—The ESB Medcor Pacer System. For the name of 
ə representative in your area, or for more information, write: ESB Medcor, 
c., Dept. B., 5920 Rodman Street, Hollywood, FL 33023. Or call toll-free 
0-327-9780. 


orm 
Z 


3B MEDCOR, INC. 
20 Rodman Street 
Xywood, Fla. 33023 


Flo call collect 305-966-5900. 
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Hotline... 


the one you'll reach for 
whena life is at stake... 
and every second counts! 


The IPCO/Pantridge #280 “Hotline” is a battery 
operated, hand portable defibrillator ... designed by 
a cardiologist for quick response, easy operation, 
and reliability. 


Like other “hotlines” it’s always within reach; it’s red... 
and ready for action! ? 


























It's a ready for-action defibrillator. 
It goes where the patient goes . . . through corridors, — — 
on elevators, between departments...orbacks-up = 
on-line defibs in critical care areas such as E. R., d 
CCU, O. R., Radiology, etc. 





It’s an on-the-spot defibrillator — 

_ for patients in remote areas within the 
hospital, x-ray department, rehab 
centers, lounges, corridors... and 
especially in therapy and dynamic 
testing areas. 


: The hand that holds it... 
controls it! 
Finger-tip controls, elec- 
trode, molded hand-grip, 
vu-meter for determining 
delivered charge and 
evenemergencyin-  J 
structions all are on the | 
body of the "Hotline". 
The second electrode 
rides "piggy-back'" until 

_ ready for use... discon- 
nects in an instant and 

` in 8 seconds the first 
charge can be delivered. 
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It's the smallest, lightest and go 059 OMEN MEE | 
easiest to use! | | " 03 E. 
Weight. .. only 7'/2 Ibs. including the battery, ie | n sioe s 


yet it delivers a reliable 320 - 340 Joules... 
up to 25 times from a fully charged battery. 


Reliability, Utility and Price Too! 

Nothing has been spared in quality to reduce 
the price of the “Hotline”. ... But we have 
reduced the costly packaging and bulky 
electronics of more expensive units. 


The monitor scope and recorder are 
available as optional equipment. Because 
you buy only what you need, you can afford 


to install as many “Hotlines” as your <a 


demands require. 





In critical areas...when a life is at 
stake ... when someone reaches for a 
“Hotline”... will one be there? 


Let us show you how easy it is to say YES! 
For complete information or a demo, call or 
write: 


MEDICAL 
INSTRUMENTS 
DIVISION 


1025 WESTCHESTER AVENUE, 
WHITE PLAINS, N.Y. 10604 
(914) 682-4570 





hypertension manual 
for the 
practicing physician 


perhaps the most definitive treatise 
ever written on hypertension 





‘ . . deserving the attention 
of every physician who treats 
hypertension .. . and that is 

just about everyone." 


"The clearest presentation of 
both the simple empirical 
therapeutic approach and 

the detailed investigative techniques." 


thorities in the world have con- 
tributed to this classic study. 


Laragh's 
Hypertension 


Manual 


Mechanisms, Methods 
and Management 


The Hypertension Manual is 
dedicated to the understand- 
ing, diagnosis and treatment of 
Hypertension. It belongs in 
every practitioner's library. 
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We invite you to see if you don't 
agree. Order and take 30 days 


to look over the N 
Manual—if you're 


not totally satisfied, a.a] 3 
return it. b^ 4 


Published 1974. 970 pages, 150 illustrations. Price: $37.00. 


M HEN M NEN la 


666 Fifth Avenue, New York, New York 10019 


Edited by John H. Laragh, 
M.D., Director of the Cardio- 
vascular Center, New York 
Hospital -Cornell Medical Cen- 
ter. Some of the most noted au- 








Yorke Medical Books 





Laragh's HYPERTENSION MANUAL. Price: $37.00. 


Yes, please reserve 





copies of Laragh's Hyper- 


tension Manual. Name rrr reip n E eire 
. [] | enclose payment (publisher absorbs handling Rie 3 
charge). 
O Bill me and add $1.00 for handling charge. City 
[] Foreign Orders: Pre-payment required. Note: Add : ü 
tate i Lo. OILDARARO UU To Eur i rio zs 
kc for surface shipment; $4.00 for air ship- In New York State, add appropriate sales tax. 
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CLINIFLOWS provides the most 
advanced clinical blood flow 
measurement system available. With the 
maximum in patient safety and operating 
simplicity. 

® CME also offers the industry’s widest 


variety of pre-calibrated acute, chronic 


Bl ai FI t and extracorporeal probes to fit almost 

00 owme er any application. Write or call for full 
information. 

CME... first in flowmetry. 

















CAROLINA MEDICAL 
” ELECTRONICS, INC. 






P.O. BOX 307, KING, NORTH CAROLINA 27021 USA 
TELEPHONE (919) 983.5132 
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The final word’ in 
automatic exercise 


testing. 


Viagraph is an automatic exercise 
testing system with total treadmill 
control, ECG data processing, digital 
display of exercise and post-exercise 
phases, and the unique Final Report* 
--a complete test summary in hard 


copy. 


Viagraph aids diagnostic conviction, 
improves patient safety, reduces in- 
and post-test activities, and saves 
you time. Call toll-free or write 
today for complete information. 


Institution 


Street 





International Medical Corporation 
One Inverness Drive East 
a, aE in AT a aan T 0 s Englewood, Colorado 80110 


City State Zip 
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Littmann ECG Mounts 


BRAND 


The professional complement 
to your ECG procedures 


Efficient. Accurate. Durable. Words that 
describe your requirements for diag- 
nostic equipment. And just as you de- 
mand the finest stethoscope and other 
instruments as adjuncts to your diag- 
nosis — LITTMANN ECG Mounts can 
also complement your present method 


of mounting, reading, storing and copy- 
ing ECG records. How? Take a look: 


e Professional, one page format 

e 3M adhesive superiority: "forgives'' if 
initial placement needs to be changed 
yet holds permanently once in place 


e Compact; reduces storage/retrieval 
requirements 


e Available in 12, 15, 18 lead standard 
styles or customized to suit your in- 
dividual needs 


For LITTMANN ECG Mounts informa- 
tion or samples, pass this message 
along to your ordering nurse or your 
hospitals Evaluation Committee. Ask 
them to contact 3M Medical Products 
Division, Diagnostic Products, 3M Cen- 
ter, 223-3S, St. Paul, Minnesota 55101. 


©Minnesota Mining and Manufacturing Company 1977. 
a 





| LITTMANN ECG Mounters & 
| Trimmers: systems for high 
| volume and moderate use. 






(0 oS 


| LITTMANN ECG Mounter 
| will cut 12 leads simultaneously— 
| reducing the entire mounting 
| process to a minute. Result? 
| Permanent, professional-looking 


| ECG records. 


| LITTMANN ECG TRIMMER 
| cuts individual lead segments in 
| 3 sizes. Easy to use, ideal for 
| doctors offices and a convenient 

companion to the ECG mounter. 
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Cardiac Rehabilitation -undercontrol. 


... With the only system 
specifically designed for cardiac rehabilitation. 


The RM 400™ monitors 4 patients at one time, 
by telemetry. 


It is the only system that automatically counts 
down to the time remaining in each test — and 
audibly signals the operator at completion. 


Each patient's ECG is monitored via a small 5 
ounce transmitter and displayed on a separate 
channel. At the push of a button, any ECG can 
be frozen instantly on a standby channel for 
analysis and documentation. 


The patients' various heart rates are displayed dig- 
itally and continuously—with each channel pro- 
grammed individually for a high and low rate. 


limits, flashing digital lights signal the operator 
and automatic write-outs take place. In every 
case, alarm channels take priority over pre- 
selected channels, with write-outs that identify 
the patients. 


Although the RM 400 lends itself to applica- 
tions other than cardiac rehabilitation, as far as 
we know it is the only such system explicitly 
designed for this purpose. 


These are a few of the reasons why we believe 
the RM 400 is today's most useful system for 
cardiac rehabilitation monitoring. For the full 
story and literature, phone or write... 


In Pennsylvania phone (215) 584-6825 





If heart rates go beyond the programmed 
Box 542, Skippack, PA 19474 * Phone 800-523-1946 ! Ma h 






























O peene: aeea a masea ena — da ds — a — -— — -— —. — a gua 
s S AJC-6/77 
For your medical library . . . | THE AMERICAN JOURNAL OF CARDIOLOGY | 
» f P. O. Box 1172 

Symposiums reprinted from | Radio City Station : | . 

New York, N.Y. 10019 CARTES. 
THE AMERICAN JOURNAL OF CARDIOLOGY | Send me the following symposium reprints: | E. 
O Electrophysiologic Correlates of E | x 
Symposium on: ! Clinical Arrhythmias ........... $8.00 *. | 
O Pre-Hospital Phase of Acute | 
Electrophysiologic Correlates of Clinical = | Myocardial Infarction........... $6.00 js 
Arrhythmias (1972) € | ; 
Guest Editor: Charles Fisch, M.D. e | C) Human Heart Transplantation .... $6.00 id 
Pre-Hospital Phase of Acute Myocardial 6 i G arae TOE S E a A a $6.00 | 2 
Infarction (1969) s O Coronary Care Units ........... $6.00 ey 
Guest Editors: Sidney Goldstein, M.D. a | l P 
Arthur J. Moss, M.D. $ E 
Human Heart Transplantation (1968) ^s] Enclosed is my check for $ | * 
Guest Editors: Adrian Kantrowitz, M.D. ES 
Jordan D. Haller, M.D. ! Maths | | A 
Cardiac Tumors (1968) ta 
John F. Goodwin, M.D. | Address | F 
Coronary Care Units (1967) | | Cit State Zi a 
Guest Editors: Bernard Lown, M.D. | Ve 
John P. Shittingford, M.D. | a Sid appropriate sales tax if in New York State and | D 


n 


a 





Light, compact one-piece unit weighs only 25 ounces. 


The Remler patented Ambulatory Blood Pressure Recordar 

. has been in use for more than ten years by leading physicians 

and research institutions throughout the world. It is a proven, 

easy-to-use system that relieves the doctor of the time-consum- 
ing traditional auscultatory procedure. 

. Now, by miniaturizing circuits and components, we have pro- 
duced a smaller and easier to wear single-unit version. 

This Model M-2000 records blood pressures during the 
wearer's working or leisure day. Wearing this unobtrusive, light- 
weight device on a belt, any patient can easily record blood 
pressure data onto the micro-cassette as many as fifty times 
daily. This method totally eliminates bias, and the pressor effect 
_of an observer's presence. 

The Remler system is especially useful in determining the 
efficacy of medication in the treatment of hypertension. 


ob o. Company 


| AJC-6/77 
ET | Since 1918 e Precision in Electronics 


280 Visitacion Mall « Brisbane, California 94005 USA «+ (415) 468-3437 


Please send me complete details on the new | 
Remler M-2000 Ambulatory Blood Pressure Recorder. | 


| Add ress 


P 
| OM, /State/Zip 
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hyperaldosteronism 


contributes to sodium-retention and edema, 


consider specific action 


Aldactone 


(oironolactone) 


the only diuretic 
with specific 
aldosterone- 
blocking action 


m helps avoid problems 
stemming from secondary 
(rebound) aldosteronism 


m maintains effectiveness 
over the long term* 


* See the box Warning and the Indications section of the 
brief summary of prescribing information on opposite 
page. Before prescribing, please refer to the complete 
prescribing information. 


tindicated for the treatment of patients with hypokalemia, 
or for the prophylaxis of hypokalemia in patients taking 
digitalis, when other measures are considere 

inadequate or inappropriate. 










m effective in both prevention 
and treatment of hypokalemia, 
thus making potassium 
supplements unnecessary' 


m avoids extra expense/ 
usually costs considerably 
less than other diuretics 

plus potassium supplements 
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. Aldactone 


(oironolactone) 25-mg. tablets 





SUN. 





WARNING 
Spironolactone has been shown to be a tumorigen in chronic toxicity 
studies in rats (see Warnings). Aldactone should be used only in those con- THE AM ERICAN J OU R NAL 
ditions described under /ndications. Unnecessary use of this drug should of CARDIOLOGY 
be avoided. 
Indications: Diagnosis and treatment of primary hyperaldosteronism. Essen- Production Manager: Marty Schlessel 
tial hypertension, edema of congestive heart failure and the nephrotic syn- Telephone: 212-489-5763 
drome, when other measures are considered inappropriate. Cirrhosis of the Reprints Manager: Herbert V. Paureiss, Jr. 
liver accompanied by edema and/or ascites. Hypokalemia. Telephone: 212-489-4683 
Contraindications: Anuria, acute renal insufficiency, significant impairment Advertising Sales Director: Robert C. Weidner 
of renal function, or hyperkalemia. Telephone: 212-489-5756 


Warnings: Excessive potassium intake may cause hyperkalemia. Potassium 
supplements should not be given with Aldactone. Do not administer concur- 
rently with other potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies 
in rats. In one study using 25, 75 and 250 times the usual daily human dose 


(2 mg./kg.) there was a statistically significant dose-related increase etat ADVERTISING 

adenomas of the thyroid and testes. In female rats there was a statistically sig- 

nificant increase in malignant mammary tumors at the mid-dose only. In male REPRESENTATIVES 

- fats there was a dose-related increase in proliferative changes in the liver. At the NEW YORK 
ee highest dosage level (500 mg./kg.) the range of effects included hepatocy- 

tomegaly, hyperplastic nodules and hepatocellular carcinoma; the last was not Robert C. Weidner, 

statistically significant. —212-489-5756 
Precautions: Patients should be carefully evaluated for possible disturbances 666 Fifth Avenue 

of fluid and electrolyte balance. Hyperkalemia may occur in patients with New York. N. Y. 10019 


impaired renal function or excessive potassium intake and can cause cardiac 
irregularities which may be fatal. Hyponatremia may be caused or aggravated, 


especially when Aldactone is administered in combination with other diuretics. CHICAGO 
Transient elevation of BUN and/or mild acidosis may occur. Aldactone poten- 
tiates the effect of other diuretics or antihypertensive agents, particularly Wyman Carey 
ganglionic blocking agents: therefore the dosage of such drugs should be — 312-648-5882 
reduced by at least 50 percent when adding Aldactone. Gynecomastia may 222 South Riverside Plaza 
develop and in rare instances some breast enlargement may persist. Vascular Chicago. IIl. 60606 
responsiveness to norepinephrine may be reduced. 
Spironolactone may cross the placental barrier. Use in pregnant women 
requires that the anticipated benefit be weighed against possible hazard to the DALLAS 
fetus. Breast feeding should be discontinued when Aldactone is being used. Dick Eldredge 
Adverse Reactions: Gynecomastia is observed not infrequently. Gastrointes- 214-270-6461 


tinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 


j ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental 1580 Eastgate Drive, Suite 315 
confusion, drug fever, ataxia, inability to achieve or maintain erection, irregular Garland, Texas 75041 
f menses or amenorrhea, postmenopausal bleeding, hirsutism and deepening of 
- the voice. Carcinoma of the breast has been reported but a cause-and-effect ATLANTA 
be relationship has not been established. Adverse reactions are usually reversible 
upon discontinuation of the drug. Robert H. Powell, Jr. 
Dosage and Administration — 404-633-8296 
i For primary hyperaldosteronism: 400 mg. daily for three to four weeks PO Box 49087 
(long test), or for four days (short test). For preparation for surgery or for long- ; 
ft p^ siehe ey 100 to 400 mg. daily. 3 Atlanta, Ga. 30359 
| r edema in adults: Initial daily dosage is 100 mg. in divided doses but 
may range from 25 to 200 mg. daily. If after five days an adequate diuretic LOS ANGELES 
response has not occurred, a second diuretic which acts more proximally in the Agatha Dory 
renal tubule mo be added. The dosage of Aldactone should remain unchanged — 213-386-1852 
when other diuretic therapy is added. 
For edema in children: Initial daily dosage should provide approximately 1.5 332 7 | eg ihe Park PI., Room 220 
mg. per pound of body weight (3.3 mg./kg.) in divided doses. os Angeles, Calif. 90057 
For essential hypertension: Initial adult daily dosage of 50 to 100 mg. in 
divided doses, alone or with diuretics which act more proximally in the renal SAN FRANCISCO 
tubule, or with other antihypertensive agents. Continue treatment for at least 
two weeks since maximal response may not occur before this time. Adjust Scott B. Hubbard 
subsequent dosage according to patient response. —415-981-2594 
For hypokalemia: 25 to 100 mg. daily in divided doses. 582 Market Street 


San Francisco, Calif 94104 


Searle & Co. 
SEARLE San Juan. Puerto Rico 00936 Member 


Adaress medical inquiries to: American o3 

G.D. Searle & Co Bu . à" 
Medical Communications Department siness a E 
Box 5110. Chicago. Illinois 60680 613 Press D ss 
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Congestive Heart Failure 
groom. Evaluation and Treatment —— 


Dean T. Mason, M.D. on 









































This rare treatment of such a multifaceted 
subject provides an unusual opportunity 
for the busy clinician to add to his knowl- 
edge in a minimum amount of time. Any 
Re of immediate interest can be rapidly 
ocated and as much data as needed can 

be quickly extracted. The concentration 
ie clinical management will be 
appreciated by every internist, cardiol- 
re t, generalist, and any professional in- 
| gm | in cardiovascular medicine. 


à 3H De an Masah President of the Amer- 
ica n College of Cardiology, has or- 
£ gan ied this monograph within the three 
areas relevant to an understanding of 
por ngestive heart failure: mechanisms, 
evaluation and treatment. Fifty-six recog- 
nize d authorities have been assembled 
by Dr. Mason, each contributing their 
expertise to make this book the foremost 
tex: t covering the highly important and 
common disorders of abnormal heart 
- Thi iis presentation of recent advances in 
ba: C research and clinical progress has 
bee 1 highly acclaimed for its major con- 
tri bution to the improvement of patient 
re. We invite you to see if you don’t 
ae ee. Order and take 30 days to look 
over the book. If you're not totally satis- 
E" mm it. 
4 it the author . . . Dean T. r. Mason, M.D. 


ids ssor of Medicine, Professor Physiology, Chief of Cardiovascular Medicine, University of California, 
Scho yl of Medicine, Davis 


feident, American College of Cardiology President, Western Society for Clinical Research 


zu nber of the American Board of Internal Medicine Cardiovascular Diseases 
authored more than 400 original articles on cardiovascular science and clinical cardiology. 


ves on the editorial boards of The American Journal of Cardiology, The Journal of Clinical Investiga- 
| ul » rouaton Chest, Clinical Pharmacology and Therapeutics, Catheterization and Cardiovascular 
Diac jnosis, and Heart and Lung. 


{ a > pient of Experimental Therapeutics Award in 1973 from the American Society of Pharmacology and 
Exp erimental Therapeutics, the Research Awards in 1965 from the American Therapeutic Society, and 
the Theodor and Susan B. Cummings Humanitarian Awards in 1972, 1973, and 1975 from the U.S. 
tate Department and the American College of Cardiology. 
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Í Songestive Heart Failure 
Please send me — 1. 


AJC-6/77 


copy(ies) of Conges- 
tive Heart Failure for 30 days free examination and NAME 
use at $35.00* per copy (money back if you return (PLEASE PRINT) 
book). ADDRESS 
© Full payment enclosed, publisher absorbs 
shipping cost CITY 





[3 Bill me, plus cost of shipping L. 
LJ Orders outside U.S. must be prepaid in U.S. UATE ntc gi 

funds. Add $2.00 per copy for surface "p | TP 

ment; $4.00 percopyforair. —  .— | | | | 
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12. 
13. 


. Structural Conditions in the Hyper 
tropied and Failing Heart — H.M. Spot- 
nitz and E.H. Sonneblick. 


. Abnormal Biochemistry in Myocardia 


Failure — A. Schwartz, L.A. Sordahl, 
M.L. Entman, J.C. Allen, Y.S. Reddy, 
M.A. Goldstein, R.J. Luchi and L.E. 
Wyborny. 

Ribonucleic Acid Polymerase and 
Adeny! Cyclase in Cardiac Hypertrophy 
and Cardiomyopathy — K.G. Nair, T. 
Umali and J. Potts. 


. Myofibrillar Proteins and the Contractile 


Mechanism in the Normal and Fai 
Heart — J. Wikman-Coffelt, C. Fenner, 
A.F. Salel, T. Kamiyama and D.T: 
Mason. 


. Effects of Ischemia on the Contractile 


Processes of Heart Muscle—A.M. Katz. 


. Alterations of Cardiac Sympathetic 


Neurotransmitter Activity in Congestive 
Heart Failure—H.L. Rutenberg and J. F, 
Spann, Jr. 


. Contractile and Energetic Behavior of 


Hypertrophied and Failing Myocardium 
— G. Cooper, IV, J.F. Gunning, C.E; 
Harrison and H.N. Coleman, III. 


. Regulation of Cardiac Performance in 


Clinical Heart Disease: Interactions Be- 
tween Contractile State, Mechanica! 
Abnormalities and Ventricular Compen- 
satory Mechanisms — D.T. Mason.  . 
Peripheral Circulatory X Contro 
Mechanisms in Congestive Heart Fail- 
ure — R. Zells, J. Longhurst, R.J. 
Capone, G. Lee and D.T. Mason. 

Function of the Hypoxic Myocardium: 
Experimental and Clinical Aspects — 
A.E. Amsterdam. 

Nature and Significance of Alterations in 
Myocardial Compliance — J.W. Covell. 

Renal Function and Edema Formation in 
Congestive Heart Failure — M.J. Ton- 
kon, S.M. Rosen and D.T. Mason. 


ll. Evaluation 


14. 


15. 


16. 


17. 


Physical Findings in Heart Failure anc 
Their Physiologic Basis — R.A 
O'Rourke and M.H. Crawford. 
Echographic Evaluation of Cardíac 
Function — A.N. DeMaria, A.L. 
Neumann and D.T. Mason. 
Cardiac Catheterization in the Clinica 
Assessment of Heart Disease and Ven- 
tricular Performance—D.T. Mason, R.R. 
Miller, D.S. Berman, L.A. Vismara, D.O. 
Williams, A.F. Salel, A.N. DeMaria, H.G. 
Bogren, G.L. DeNardo and E.A. Ams- 
terdam. 

Catheterization Evaluation of Cardiac 
Function in Acute and Chronic Coron 
Artery Disease — C.E. Rackley, R. 
Russell, Jr., R.E. Moraski, J.A. Mantle, 
B.J. Feild and M. Smith. 


lil. Treatment 


18. 


19. 


. Myocardial 


Management of Chronic Refractor 
Congestive Heart Failure—D.T. Maso 
R.R. Miller, D.O. Williams, A. 
DeMaria, L.D. Segel and E.A. Amste 
dam. 

New Developments and Therapeuti 
Applications of Cardiac Stimulating 
ents — J.F. Williams, Jr. 


. The Digitalis Glycosides: Clinical Phar- 


macology and Therapeutics — D.T. 
Mason, E.A. Amsterdam and G. Lee. 


. Ventricular Afterload Reducing Agents 


in Congestive Heart Failure Therapy — 
R.R. Miller, D.O. Williams, A.N 
DeMaria, E.A. Amsterdam and Rn T 
Mason. 

Infarction M 
Mechanisms and Therapy — E.A. Ams- 
terdam, A.N. DeMaria, J.L. Hughes, E. : 
Hurley, A.J. Lurie, D.O. Willia R 
Miller and D.T. Mason. 







— D. 
Mason, A.M. DeMaria, E.A. Amst > 
L.A. Vismara, R.R. Miller, Z. Vera 
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There are no squares at Coratomic 
„NO rectangles or rounds, either. 


Our pacer is designed to be in the body, square or round cans because they are 

not on the bench. Natural organs are easier to produce. But after all... pacers 

smoothly contoured. Nothing would be are made to go in people... at least 

less natural than a rectangular heart or at Coratomic. - | 

a square kidney. Coratomic's patented In addition to our unique biocompatible 

ovaloid shape is designed to comple- shape, Coratomic also offers light weight, 

ment the body . . . to minimize the chance choice of nuclear or lithium power 

of pocket complications and to maximize source, advanced engineering, proven 

your patient’s comfort. reliability, and a service committment 
Other manufacturers prefer pacersin that says total responsibility. 


Our engineering is detailed in illustrated bro- direi 

chures. Our reliability is documented in an , | | = 
extensive, 60-page report. To receive Y 4 | t | 

copies, write: Mr. Stephen Cookston, A / orgo) ejgg||m 
Coratomic Inc., P.O. Box 434, Indiana, | 

PA 15701 or call toll-free (800) 245-6886. Electronics getting to the Heart of Medicine 





This may be the 


most accurate real-time scan of } 
aortic stenosis ever made. 


Lg 
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As a doctor, you know that your 
diagnosis can only be as accurate 
s the information you receive. 

ò What you may not know is 

that the new EkoSector I from 
‘SKI was designed to produce 

ore accurate scans than you've 
L seen before. 


‘Real-time cross- 
‘sectional scanning with 
superior resolution. 


, 


| SKI's patented direct processing 

! method provides distortion-free 
electronic images and correct, 

: spatially-oriented information 

| concerning the depth relative to 
the chest wall, lateral relation- 

‘ships and real-time motion of 

“structures. 

Some of the clinically re- 

! ported uses for EkoSector I are: 

å quantitation of mitral stenosis, 

? assessment of aortic stenosis, 

? identification of mitral and 

tricuspid valves in congenital 

f heart disease, detection of ven- 

tricular aneurysms, and localiza- 

2 tion of ventricular outflow 

obstructions. 









This is why only 
EkoSector I can make it. 


Completely compatible 
with the Ekoline 20A. 


If you already own the world’s 
leading echocardiography unit, 
you don’t need to buy a whole 
new system for two-dimensional 
heart scanning. 

Our new EkoSector | can eas- 
ily be interfaced to your current 
Ekoline 20 A, which means your 
expenditure for the system can be 
cut almost in half. 

Even if you're starting from 


scratch, the complete system still 


costs less than competitive 
systems. 


Unique design makes 
examinations easier. 


EkoSector I uses a single scan- 
ning transducer to provide 
A-mode, M-mode, or a 30° sector 
of the heart or A aaea j 
other organs. 
Images can be 
displayed on the 
system's oscillo- 
scope or on 
the large, ex- 
ternal X, Y 
monitor. The 
X, Y monitor 
further guaran- 
tees sharp images 
because informa- 
tion is processed 















^. 


electronically without conversion. 

A video tape recorder allows 
you to record M-mode or cross- 
sectional scans with appropriate 
verbal comments. 

Playback can be at normal 
speed, slow motion, or stop- 
frame projection. Recorded im- 
ages can be selectively altered in 
size by means of the tissue depth 
control. 

The new EkoSector I real- 
time cross-sectional scanner from 
SKI. It’s the only instrument that 
can give you the accuracy, low 
price, and convenience features 
you want. 


Smith Kline Instruments. Inc. 
BBO West Maude Ave * Sunnyvale CA 94086 * (408) 732-6000 


A Subsidiary o! SmithKline Corporation 


| Please send me more information 
' on the new EkoSector I. 


' Mail to: Smith Kline Instruments, Inc. 


; P.O. Box 1947 
Sunnyvale, California 94086 


| Hospital —————————————————— 





, State 


; Or. call 800-538-1556 toll free. 
' In California call 408-732-6000. 





EkoSector I from SKI 


The leadexin diagnostic ultrasound. 
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“For the broad spectrum of cardiac arrhythm 
»broad-range treatment... es S 
conversion and maintenance 


CARDIOQUIN 
TABLETS | 
(quinidine polygalacturonate) 


O Greater GI tolerance 

O Full quinidine cardiodynamics 

O Convenient B.I.D. or T.I.D. 
dosage for most patients 


CARDIOQUIN Tablets (quinidine, 
indicated in the treatment of a 
arrhythmias (see Brief Summa 
normal sinus rh 
Tablets or electr 
dosage of this uni 
is required for ma 


polygalacturonate) are 
broad range of cardiac 
ry). After conversion to 
ythm—whether with CARDIOQUIN 
oconversion—only low b.i.d. or t.i.d. 
que polygalacturonate salt of quinidine 
intenance in most cases. 

Well-tolerated, CARDIOQUIN T 
suited for maintenance therapy, 
ronic acid serves as a buffering 
mucosa of the stomach and permi 
tion of the quinidine.* 


ablets are particularly 
since the polygalactu- 
moiety. It protects the 
ts dependable absorp- 


*Aviado, D. M., Krantz and Carr's Pharmacolo 
tice, ed. 8, Baltimore, Williams'and Wilk 
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BRIEF SUMMARY-INDICATIONS: CARDIOQUIN Tablets (quinic . 
polygalacturonate) are indicated in the treatment of: premature at 
and ventricular contractions; paroxysmal atrial tachycardia; paro» 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillati 
-established atrial fibrillation when therapy is appropriate; paroxys 
ventricular tachycardia when not associated with complete he 
block; maintenance therapy after electrical conversion of atrial fib - 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses « 
abnormal rhythms due to escape mechanisms should not be trea 
with quinidine. WARNING: In the treatment of atrial flutter revers 

to sinus rhythm may be preceded by a progressive reduction in . 
degree of AV block to a 1:1 ratio and resulting extremely rapid v 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet er 
polygalacturonate 275 mg.) is equivalent in quinidine content to 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosa 
must be adjusted to individual needs, both for conversion and mai 
tenance. An initial dose of 1 to 3 tablets may be used to termin: : 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus reuse 







is not restored after 3 or 4 equal doses, the dose may be increas 

by % to 1 tablet (137.5 to 275 mg.) and administered three to fot 

times before any further dosage increase. For maintenance, ot 

tablet may be used two to three times a day; generally one tag 

morning and night will be adequate. SUPPLIED: Uncoatec., sco 
blets in bottles of 50. v 


urdue Frederick k 
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